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III. CATALOG DESCRIPTION
Advanced topics in genomics and bioinformatics including applications to problems such as
human disease, forensics, and agriculture. Topics include integrated genomic databases, protein
alignments, protein families, protein structure, proteomics, and microarrays. Critical bacl(ground
material in molecular and cell biology will be presented in the course.

IV. MAJOR LEARNING OUTCOMES
Upon completion of this course a student will be able to:

A. Manipulate the advanced features of COlTIlTIOn alignment methods to obtain an accurate
sequence alignment.

B. Build an accurate, biologically relevant, multiple sequence alignment by evaluating and
preparing sequences collected from a public database.

C. Retrieve protein structures from a public database and examine important structural
features using molecular graphics software.

D. Describe the theory and practical desig11 of genon1ic and expression microarrays.
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E. Describe how mass-spectrometry is used to determine protein identity and measure
protein levels in biological samples.

F. Collect all relevant biological information on a sequence or collection of sequences from a
protein function database.

G. Analyze computer generated bioinformatics data using acquired knowledge of biology
and statistics.

H. Communicate the result of a scientific analysis in a clear and concise manner.
I. Describe modem biotechnology disciplines such as cancer genomics, metagenomics, al1d

drug discovery and explain how bioinformatics impacts these fields.

V. CONTENTS
A. Advanced topics of protein sequence alignment

1. Substitution matrices
2. Alignment parameters

B. Building multiple alignments of proteins
1. Obtaining sequences
2. PSI-BLAST
3. Protein motifs and Hidden Markov Models
4. Protein family databases

C. Protein structure
1. Review of protein structure
2. Structure-sequence relationship, secondary structure prediction
3. Structure databases, Protein Database, Molecular Modeling Database (National Center

for Biotechnology Information)
4. Structure viewing software
5. Multiple alignments-structure relationships (Cn3D, Vector Alignment Search Tool)

D. Microarrays
1. Basic data analysis
2. Genome analysis
3. Expression analysis

E. Proteomics
1. Protein expression: mass spectrometry, gel electrophoresis
2. Post-translational modifications
3. Comparative proteomics

F. Integrated systems databases: PANTHER, UniProt/UniPathway, Ingenuity Systems

VI. INSTRUCTIONAL METHODOLOGY
A. Assignments

1. In-class group and individual activities will introduce students to advanced
bioinformatics sl(ills Examples of activities:
a. querying of online databases with a known gene or protein or an unknown proteil1 or

DNA sequence.
b. prepare multiple sequence alignments and compare with protein structures to deduce

biologically relevant data from the alignment.
c. downloading, viewing and analyzing protein structures.

2. Required outside readings, prepared by the instructor from peer-reviewed sources, will
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provide critical background material and reinforce lectures on topics such as
PSI-BLAST, protein structure, and mass-spectrometry.

3. Out-of-class, individual activities such as using PSI-BLAST to retrieve protein
sequences from the online GenBanl< database, then deduce which sequences are
biologically important.

4. Out-of-class, the students will write a 3-5 page report in a scientific format that
describes the methods, results, and conclusion of the analysis done in assignment 3.

5. In-class, students will give oral presentations describing their worl< on assignment 3
and the report written in assignment 4.

B. Evaluation
1. Level and quality of participation during in-class assignments and discussions.
2. Successful completion of out-of-class assignments, including writing a report of the

findings in the required format.
3. Written, in class, examinations covering topics such as multiple protein alignments,

comparing protein structures to a sequence alig11ment, and microarray analysis. The
examinations will require students to demonstrate independent use of computer and
online bioinformatic software to solve assigned problems.

C. Textbooks and other instructional material
1. Course readings compiled by instructor.
2. Online tutorials such as those produced by the National Center for Biotechnology

Information (http://www.ncbi.nlm.nih.gov/)andGeospiza.com
(http://www.geospiza.com/education/).

VII. TITLE 5 CLASSIFICATION
CREDIT/DEGREE APPLICABLE (meets all standards of Title 5. Section 55002(a)).
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