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I. 
Introductory Information

(A) Department Name: 


Biological Sciences

(B) Department Catalog Number: 
BIOL323
(C) Course Title: 



Bioinformatics and Genomics
(D) Semester Hours of Credit: 
Three (3)

(E) Clock Hours Per Week: 

Three (3) 

(F) Overlays:




None

(G) Restrictions Upon Student Registration: 

Enrollment will be limited to those students who have completed BIOL202, or by permission of the instructor. 
II. 
Description of the Course 

A. Catalog description:  

Introduces students to the recent technological advances in the life sciences that allow DNA sequencing of entire genomes, as well as analysis of the gene products of whole genomes simultaneously in one experiment.  Topics include the structure and mechanics of the eukaryotic genome, transcriptome, and proteome in detail, with emphasis on hands-on exercises using public databases and software to extract, analyze and manipulate DNA and protein sequences.  
B. Comprehensive description:  (Optional)
III. Exposition
A.  Objectives:
Upon completion of this course, students will be able to do the following:

1. Explain the structure, function, and evolution of eukaryotic genomes. 

2. Accurately and efficiently extract genetic and genomic data from public databases.

3. Contrast and critique the algorithms used in DNA sequence comparison and alignment.

4. Identify homologous genes and construct and interpret phylogenetic trees.
5. Manipulate 3D models of proteins and make predictions about biochemical function.

6. Contrast and critique the techniques used in transcriptome and proteome profiling. 

B.  Activities and Requirements
Activities will include lecture and discussions of assigned reading material. Students are 
expected to attend 3 hours of lecture per week.  Active participation in lecture discussions 
is expected.  Computers will be used in the classroom on occasion to augment lecture 
material and investigate internet content relating to genomic and bioinformatic resources.
Activities related to Objectives in III.A.

1. Students will demonstrate an understanding of the public genome databases for yeast, nematode, fruitfly, mouse, human, and other model organisms through classroom discussions, lecture quizzes, exams, and assignments.
2. Students will explain the public sequence databases including PubMed, GenBank, UniProt, PDB, OMIM, and Ensembl on lecture quizzes, exams, assignments and during classroom discussions.
3. Students will demonstrate how to accurately and efficiently align multiple homologous sequences and construct molecular phylogenies using Clustal or other software by submitting an assigned project, on quizzes and exams, and during classroom discussions.
4. Students will accurately and efficiently identify homologs using analysis software such as BLAST and demonstrate this ability through classroom discussion, assignments, quizzes and exams.

5. Students will demonstrate how to visualize and analyze protein structure using analysis software such as RasMol through assignments, quizzes, exams and classroom discussions.
6. Students will interpret and critique data from microarray experiments on quizzes and exams, and during classroom discussions.

C.  Major Units and Time Allotted

Topics
Contact Hours
1. Eukaryotic genome structure and concepts of genomic analysis
3
2. Public sequence databases: DNA, RNA, proteins, whole genomes
6
3. Data mining for homologous sequences
4
4. Multiple sequence alignment algorithms
6
5. Protein 3D structure databases, visualization, and interpolation
5
6. Phylogenetic trees and molecular evolution
6
7. Microarrays and transcriptome analysis
5
8. The proteome, metabolome, glycome, lipidome, and interactome
3
9. Human genes and genetic disorders
5
10. Ethics in human bioinformatics and genomics
2

Total
45 

D. Materials and Bibliography
1. Suggested Textbooks: 



Baxevanis, A. D., & Ouellette, B. F. F. (2004). Bioinformatics: A Practical Guide 

to the Analysis of Genes and Proteins. 3rd ed. New York; Chichester: 


Wiley.

2. Other Materials:

Public Databases:
Saccharomyces Genome Database.  http://www.yeastgenome.org/.

Comprehensive Yeast Genome Database. http://mips.gsf.de/genre/proj/yeast/

WormBase. http://wormbase.org/

FlyBase: A Database of Drosophila Genes & Genomes.  http://flybase.org/

Mouse Genome Informatics. http://www.informatics.jax.org/

Ensembl (Human Genome Database). http://www.ensembl.org/

PubMed. http://www.ncbi.nlm.nih.gov/sites/entrez/

UniProt: the Universal Protein Resource. http://www.pir.uniprot.org/

OMIM: Online Mendelian Inheritance in Man. http://www.ncbi.nlm.nih.gov/omim/
Software:

BLAST. http://www.ncbi.nlm.nih.gov/blast/Blast.cgi

ClustalW. http://www.ebi.ac.uk/Tools/clustalw2/index.html

PHYLLIP. http://evolution.genetics.washington.edu/phylip.html

RasMol. http://www.umass.edu/microbio/rasmol/
3. Bibliographic support


Barnes, M. R. (2007). Bioinformatics for Geneticists: A Bioinformatics Primer for 

the Analysis of Genetic Data. 2nd ed. New York; Chichester: Wiley.



Bergeron, B. (2002). Bioinformatics Computing. 1st ed. Upper Saddle River, NJ: 


Prentice Hall/Professional Technical Reference.



Campbell, A. M., & Heyer, L. J. (2006). Discovering Genomics, Proteomics and 


Bioinformatics. 2nd ed. San Francisco, CA: CSHL Press: 




Pearson/Benjamin Cummings.



Gibson, G., & Muse, S. V. (2004). A Primer of Genome Science. 2nd ed. 



Sunderland, MA: Sinauer Associates.



Higgins, D., & Taylor, W. (2000). Bioinformatics: Sequence, Structure and 


Databanks: A Practical Approach. 1st ed. Oxford; New York: Oxford 


University Press, USA.



Kohane, I. S., Kho, A., & Butte, A. J. (2005). Microarrays for an Integrative 


Genomics. 1st ed. Cambridge, MA; The MIT Press.



Lesk, A. (2008). Introduction to Bioinformatics. 3rd ed. Oxford; New York: 


Oxford University Press.



Letovsky, S. I. (1999). Bioinformatics: Databases and Systems. 1st ed. Boston, 


MA: Kluwer Academic Publishers.



Pevsner, J. (2003). Bioinformatics and Functional Genomics. 1st ed. Hoboken, 


NJ: Wiley-Liss, Inc.
IV. 
Standards
Grades will be assigned in accordance with University policy. They will be based on a

combination of examinations, quizzes, and written assignments.  
V. 
Rationale and Impact
A. This course expands the department’s course offerings to include an upper-level study of genomic biology. The theoretical context and analytical methods for coping with the complex data sets generated by contemporary genomic experiments are beyond the scope of current offerings (BIOL202 Genetics, BIOL204 Introduction to DNA Forensics, BIOL330 Cellular and Molecular Biology, BIOL345 Advanced DNA Methods).  Students who obtain these skills by successfully completing this class will be more competitive for jobs at biotechnology and pharmaceutical companies as well as at research institutions.   
B. This course is designed for third- and fourth-year students majoring in Biology or Biology/Chemistry who have passed BIOL202 Genetics.  
C. This course will not affect other departments.

VI. 
Cost and Staff Analysis

A. The costs associated with this course consist of three inload faculty contact hours.  All software used in the course is freely available on the internet.  Occasional use of a computer room will be necessary.
B. This course will be offered every other year on a rotational basis with other biology elective courses.
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