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Expanded Abstract

Genome analysis is on the forefront of genetic research. It has implications for advances in basic research, medi-
cine, agriculture, justice, environmental science and archaeology. One strategy to study genomes is called genome
annotation, which is subdivided into three stages: 1) using computer technology (a.k.a. bioinformatics) to predict
functional elements within an organism’s genome; 2) using computer technology to predict the biological function
of those elements; and 3) providing evidence from benchtop research to support the functional predictions (a.k.a.
functional genomics). The frustrations for undergraduate educators who wish to incorporate genome annotation and
functional genomics into their courses and research are: 1) choosing from the myriad of different online bioinfor-
matics tools available; 2) becoming proficient in the applicable technologies; and 3) giving students the opportunity
to hone their developing genome annotation skills in a real-world setting where their results matter.

To address these issues, the Joint Genome Institute (JGI) of the U.S. Department of Energy, working with un-
dergraduate teaching faculty from across the country, developed the Interpret-a-Genome Education program and
its companion Integrated Microbial Genomes Annotation Collaboration Toolkit (IMG-ACT) (Ditty et al., 2010).
As a participant of the Interpret-a-Genome program, faculty members interpret one or more prokaryotic genomes
available through the Integrated Microbial Genomes database (IMG). The available genomes include the first 56
genomes completed as part of the JGI Genomic Encyclopedia of Bacteria & Archaea (GEBA) project (Wu et al.,
2009; www.jgi.doe.gov/education/genomeannotation.html). All bacterial genomes are full of novelties. How-
ever, the GEBA organisms are relatively unusual and from under-studied branches of the tree of life, so there is a
greater likelihood of exciting discoveries and interesting variations on classical pathways.

IMG-ACT is a course management and bioinformatics analysis platform that allows interpretation and deeper
annotation of user-selected genomes within diverse course and curriculum settings. Prospective users of the IMG-
ACT can tour the IMG-ACT website as an instructor, see a sample annotation and try an annotation from the IMG-
ACT login page (Fig. 1). Using IMG-ACT, faculty members can assign genes to individual students or groups of
students for analysis using one or more of nine annotation modules (e.g., predicted cellular localization of encoded
protein) and monitor student progress. Figure 2 illustrates the diversity of courses within which gene annotation
using IMG-ACT could be integrated. For example, in introductory biology courses students will work with bioin-
formatics programs that use the concepts of the central dogma, gene structure and function, protein localization,
and evolution; students in biochemistry courses can annotate fundamental metabolic pathways; in microbiology,
pathways, structures, and systems characteristics of the organism’s lifestyle will be traced; and in numerous cours-
es, novel genes and pathways can be discovered by examining clusters of hypothetical proteins in a comparative
genomics context (that will include phylogenetic profiling and ecological considerations).

Through their genome annotations, students will experience first-hand the process of scientific inquiry and re-
inforce basic biological concepts such as gene structure, protein structure and function, gene homology, sequence
similarity, protein localization, genome organization, gene regulation, and evolution of genes and genomes. Stu-
dents will also learn how various bioinformatics tools are connected to basic aspects of gene and protein structure/
function as well as how to interpret a wide range of quantitative information (Fig. 3).

To help faculty across the U.S. and abroad get acquainted with using IMG-ACT in a course setting, a group of
early adopters worked with JGI to develop a professional development program called the Microbial Genome An-
notation Network (MGAN at http://mgan.jgi-psf.org/). MGAN is supported by a NSF Research Collaboration
Network grant and can help instructors in one of two ways. One, travel grants are available to support the travel of
an individual faculty member to attend the IMG-ACT training session held annually at JGI headquarters in Walnut
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Figure 1. From the IMG-ACT login page, educators can learn more about this resource and the annota-
tion process. This page is available at the IMG-ACT login page http://img-act.jgi-psf.org/user/login.

Independent
Research
Introductory
Molecular fgo:rgl:lllar &
Biology ell Biology

e /
Ecology and V\ Img.'maupt
Evolutionary - Interpret a GEBA Genome ——

B Zmgan
P N

Microbiology Biochemistry

Introductory
Bioinformatics

General
Education

Figure 2. The Interpret-a-Genome project can be incorporated into diverse courses and
across the curriculum.

Creek, CA. Two, a group of at least 10 faculty members at nearby institutions can request a regional training work-
shop; grant funds will support the travel of MGAN trainers to conduct an IMG-ACT workshop over a weekend.
Additional information about training options can be found at the DOE/JGI’s Interpret-a-Genome website (Www.
jgi.doe.gov/education/genomeannotation.html) or the MGAN website (http://mgan.jgi-psf.org/).

In this mini workshop, participants: 1) used a sampling of the bioinformatics tools within IMG-ACT to annotate
a putative gene from the Meiothermus ruber genome, which is the adopted organism of the Meiothermus ruber
Genome Annotation Project; 2) received information about the JGI-sponsored IMG-ACT training workshop and
the opportunity to apply for travel grants from the NSF-funded Microbial Genome Annotation Network; and 3)
received information about the resources available through the Genomics Education National Initiative (GENI) as
one option for the functional genomics component of gene annotation (http://geni-science.org/). All the resources
provided at this workshop can be found at the website created for this workshop (https://sites.google.com/a/au-

gustana.edu/able2011/).
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Figure 3 (Panels A-E). Using the IMG-ACT platform, students collect and then interpret data from
bioinformatics programs such as BLAST, Pfam,/HMM logo (A), TMHHM (B), IMG 6-frame viewer
(C), IMG gene neighborhood viewer (D), T-Coffee, and phylogeny.fr (E), to name a few.
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Mission, Review Process & Disclaimer

The Association for Biology Laboratory Education (ABLE) was founded in 1979 to promote information exchange among
university and college educators actively concerned with biology learning and teaching in a laboratory setting. The focus of
ABLE is to improve the undergraduate biology laboratory experience by promoting the development and dissemination of
interesting, innovative, and reliable laboratory exercises. For more information about ABLE, please visit http://www.ableweb.
org/

Papers published in Tested Studies for Laboratory Teaching: Proceedings of the Conference of the Association for Biology
Laboratory Education are evaluated and selected by a committee prior to presentation at the conference, peer-reviewed by
participants at the conference, and edited by members of the ABLE Editorial Board.
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