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INTRODUCTION

The Human Microbiome Project (HMP) seeks to in-
vestigate the diversity of microbial organisms in and on the
human body (3, 4). From current findings, we now know
that the organisms found are much more diverse than pre-
viously appreciated, that there are many hundreds of new
genes described—ones that have no matches in the current
databases—and that there is a unique interplay between
the members of the microbiome and the human host with
impacts on human health (6). With these new data come
new opportunities for undergraduate research that need not
be limited to independent study projects but can be based
in traditional coursework.

Because sequencing is now relatively fast and inexpen-
sive, and because many reference genomes are now avail-
able, it is possible to sequence and assemble a moderately
sized bacterial genome in a matter of days, yielding massive
amounts of data, so much so that professional bioinformati-
cians are unable to keep up. However, the tools for analysis
of prokaryotic genomes are available on the internet and
are relatively easy for undergraduates to master. Instead
the challenge lies with faculty inexperienced in teaching
bioinformatics. To meet this challenge we developed the
Genome Solver (GS) website (http://www.genomesolver.
org), acommunity of practice for faculty support and student
learning (see Fig. 1). At the GS site, faculty can learn about
face-to-face training opportunities or use the virtual training
materials such as primers on the pertinent science, tools,
and techniques. Faculty can also find colleagues engaged in
similar work as well as relevant curricular materials. The
GS site also helps facilitate sharing of student work, so that
students can engage in peer-to-peer review. Finally, genom-
ics experts also have a presence on GS and can weigh in on
problems or discuss methods.

Thus, the GS space serves as a virtual community
around the study of prokaryotic genomes. Bioinformat-
ics studies, such as those presented in GS, are authentic
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research problems, but ones that don’t require extensive
equipment and space. Rather, the only tools necessary are
computers with an internet connection, making research
possible for nearly everyone so that faculty can more easily
include student research in their curricula.

The recent Vision and Change in Undergraduate Biology
Education: A Call to Action report recommends that all biol-
ogy students participate in authentic research experiences
(http://visionandchange.org/files/2011/03/Revised-Vision-
and-Change-Final-Report.pdf). The benefits are many as
demonstrated by numerous studies, including the SURE and
CURE surveys (1, 2, 5). Further, students themselves identify
undergraduate research as a “high impact practice” (Na-
tional Survey of Student Engagement [NSSE] report http://
nsse.iub.edu/NSSE_2007_Annual_Report/docs/withhold/
NSSE_2007_Annual_Report.pdf). GS fosters other high
impact practices, including common intellectual experiences,
learning communities, intensive writing, and collaborative
assignments. All of these practices lead to practical com-
petence, deep engagement with and deep learning of the
material, personal-social development, and the ability to
integrate knowledge across disciplinary boundaries.

The interactive GS site is easy for faculty and students
to use. The site is built on the Buddy Press platform
(http://buddypress.org), a free software package that allows
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sharing of materials among users. We have created how-to
videos explaining site navigation, introductory materials
that faculty can use to orient students to the HMP, links to
bioinformatics tools and instructions on how to use them,
some basic exercises using the tools, and a web feed feature
which automatically aggregates new information about the
HMP from both the scientific literature and the popular
press on the GS site.

Perhaps the most important feature of the GS site is
members’ ability to create groups that support their own
interests. Groups can bring together faculty, students, and
experts engaged in a common study (intestinal microflora,
for example) regardless of their institution or geographic
location. The groups can be either fully public ones that
anyone can join or ones that can be joined by invitation
only, at the discretion of the group’s creator. In the latter
category, for example, are groups for faculty only, where
assessment materials and their analysis will be available.
We plan to continually update the “nuts and bolts” of the
GS site, but importantly the content will be enriched by
the contributions of the GS community members. Also,
although we currently offer face-to-face workshops to
train faculty, we plan for virtual workshops in the future
hosted on the GS site that can be continuously updated in
this fast-changing field.

The GS community supports many different sub-
disciplines within biology, including:

e Microbiology — where students learn about the
diversity of microbial life;

*  Biochemistry — where students investigate biochemi-
cal pathways in detail;

*  Ecology — where students explore the different
environmental niches found in and the on the hu-
man body;

*  Phylogenetics — where students can use sequence
data to compare organisms to one another and
explore similarity and differences; and

*  Evolution — where students can examine aspects
of horizontal gene transfer, “pangenomes,” and
selection.

In addition, by engaging in bioinformatics studies, stu-
dents explore the intersection of math, statistics, computer
science, and biology, a fitting demonstration of the increas-
ingly interdisciplinary nature of scientific endeavors.

We are currently engaged in creating exercises that
can be used as is to encourage faculty to explore HMP
data, but faculty are also encouraged to modify the existing
exercises and add their own curriculum modules to enrich
the offerings available for all. An example of an exercise we
developed is discussed briefly here, but is available in more
detail on the GS web site (http://genomesolver.org/groups/
curriculum-modules/documents/). A former student discov-
ered through examination of the automatic annotation of a
Chlamydia genome available from the HMP that genes from
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bacteriophages that infect Chlamydia species are found in the
genomes of all human C. pneumoniae isolates sequenced to
date. Based on the student’s investigation, we have created
an exercise (“Evidence for Horizontal Gene Transfer...”) to
gather related phage and bacterial sequences for a gene that
encodes a protein referred to as PRIP (putative replication
initiation protein) and create a phylogenetic tree. The tree
demonstrates that the bacterial sequences cluster with
each other, while the phage sequences, which also cluster
with each other, are more diverse, allowing for students to
hypothesize that the transfer of a phage sequence to the
bacterial genome happened once before the divergence of
the different bacterial strains.

CONCLUSION

The study of human health and disease is appealing to
undergraduates, many of whom are interested in careers in
the health professions. The research community is generat-
ing a new view of human health, one that takes into account
the microbes that co-exist with us. Undergraduate students
can contribute to this new view by performing research
with data and tools made accessible to them by their faculty.
The GS site aims to put this experience into the hands of
all interested faculty. Curricula can range from short units
in a pre-existing class to an entire class based on analysis
of the tools (see our Microbial Genomics Biology 388 class
on the website) to independent research projects. It is im-
portant to note that the work students do with GS can be
extended into wet lab hypothesis testing (see our Salmonella
Pilot Studies on the web site). Although we are featuring the
recent exciting work about the HMP, the site can be used by
anyone with an interest in life at the microbial level. Finally,
the design of the GS site is intended to foster practices that
are high impact for all of us—students, faculty, and experts.
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