Course Syllabus – BIO 501, Bioinformatics:
Genomics Approach

[image: image1.emf]1. Course Goals and Content

It has been a decade since the complete draft sequence of the human genome was jointly announced by Human Genome Project and Celera in 2000.  Now, the human genome is only one of the many completed genome sequences.  More recently, next-generation DNA sequencing technologies have emerged with abilities of reading billions of nucleotides in just a few hours.  With a massive amount of newly-determined sequences continuously flowing in, the size of the nucleotide sequence database collection has grown exponentially over the last decades (see the graph above).  However, does this mean that our knowledge in biology has also increased proportionally?  In this course, students will learn what it takes to draw a positive answer to this question.  It would be of little use just to obtain thousands of pages of secret codes of the enemy without knowing how to decipher.

The marriage of biology and computer science has created a new field, called bioinformatics.  Computing provided the capacity for processing, storing, and analyzing massive data sets obtained from biological systems.  The primary goal of bioinformatics is to increase our understanding of biological processes through developing and applying computational techniques to manage or “metabolize” biological data sets.  In bioinformatics, we use computer programs to make inferences from the data sets of genomes, transcriptomes, and proteomes, to make connections among different “-omes”, and to derive useful predictions for the applications to a wide variety of fields in biology and medicine, such as ecosystem conservation efforts, cancer genetics, and drug discovery.  It is hard to overstate the importance of bioinformatics in the 21st century.  In particular, it influences biological and health sciences by providing a multi-dimensional framework of understanding how biological systems work.  Bioinformatics is also a rapidly evolving and developing field both in terms of breadth of scope of useful applications and in terms of depth of what can be accomplished.  A number of recent studies have shown that there is a high current and unmet demand for people trained to various levels of expertise in bioinformatics.


 This course is designed to introduce bioinformatics to upper-division biology majors (juniors or seniors).  It can be also taken by computer science majors or other majors who have completed one year of general biology.  The goal of this course is that students will gain:
· A solid understanding of the scope of bioinformatics.

· Substantial competency in content, skills, and awareness within the field of bioinformatics.
· Basic ideas of applying their bioinformatics training to other fields of study or profession.

To achieve these goals, students will be engaged in lectures and labs.  Basic principles and methodologies of bioinformatics will be discussed during the lectures.  During the lab sessions, students will train their programming skills using the Perl language and learn to use their computational skills to process and analyze bioinformatics data.  Students will also work on developing a bioinformatics program as term project.

2. Course Details
Instructor: Soochin Cho, Ph.D., Assistant Professor, Biology Department, Hixon-Lied Sci Bldg Rm 425,
soochincho@creighton.edu

Credits Awarded: Four credits for three-hour lecture and three-hour lab per week
Class time and location: TBD
Course Requirements: BIO317 (Genetics) or instructor’s approval.  Willingness to learn basic programming skills.  Previous programming experience is not required.
Texts:
Introduction to Bioinformatics, 3rd edition, by Arthur M. Lesk, Oxford University Press

Population Genetics: a concise guide, 2nd edition, by John H. Gillespie, Johns Hopkins University Press

Beginning Perl for Bioinformatics, by James Tisdall, O’Reilly

(All three textbooks are required.)
3. Grading Criteria

A letter grade will be assigned based on the students’ performance on three exams, in-class quizzes, homework, and term projects.


Three exams

300 points (100 each)

Quizzes


50 points


Homework

50 points


Term project

100 points


Total


500 points

Exams: Two midterms and one final exam will assess students’ understanding of the lecture material.

Quizzes: Before coming to each lecture, students are responsible for finishing a reading assignment to build a preliminary understanding of the lecture material.  A short quiz will be administrated to test this.
Homework:  At the end of each lab, a homework set will be assigned to reinforce students’ learning.  Homework will include short coding, debugging, or problem solving.

Term project:  Each student will develop their own bioinformatics tool program using Perl.  Detailed requirements will be announced during the course.

Point breakdown


90 – 100 %
A


87 – 89.9 %
B+


80 – 86.9 %
B


77 – 79.9 %
C+

70 – 76.9 %
C


60 – 70 %
D


< 60 %

F

4. Attendance Policy

Attendance is required for all lectures and labs.  There will be a quiz for every lecture and you will get no points for the quiz if you miss a lecture.  You should not miss more than two labs to pass this course.

5. Class Cancellation Policy
Students will be notified through BlueLine regarding any cancellation of classes.  The key administrator of the department (Ms. Peggy Smith, Hixon Lied Rm 448) will also be notified, and a note will be placed on the classroom door.
6. Academic Honesty Statement

"In keeping, with its mission, the University seeks to prepare its students to be knowledgeable, forthright, and honest.  It expects and requires academic honesty from all members of the University community.  Academic honesty includes adherence to guide-lines established by the University, its Colleges and Schools and their faculties, its libraries, and the computer center."

"Academic or academic-related misconduct" includes, but is not limited to, unauthorized collaboration or use of external information during examinations; plagiarizing or representing another's ideas as one's own; furnishing false academic information to the university; falsely obtaining, distributing, using or receiving test materials, falsifying academic records, falsifying clinical reports or otherwise endangering the well-being of patients involved in the teaching process-, misusing academic resources; defacing or tampering with library materials; obtaining or gaining unauthorized access to examinations or academic research material, soliciting or offering unauthorized academic information or materials; improperly altering or inducing another to improperly after any academic record, or engaging in any conduct which is intended or reasonably likely to confer upon one's self or another an unfair advantage or unfair benefit respecting an academic matter. 

Further information regarding academic or academic-related misconduct, and disciplinary procedures and sanctions regarding such misconduct, may be obtained by consulting the current edition of the Creighton University Handbook for Students. However, students are advised that expulsion from the University is one of the sanctions which may be imposed for academic or academic-related misconduct.  The University reserves the right to modify, deviate from, or make exceptions to the foregoing or to the Handbook for Students at any time, and to apply any such modification or make any such deviation or exception applicable to any student without regard to date of admission application or enrollment.  Source: Creighton University Bulletin - Undergraduate Issue, 

Penalties for violation of Academic Honesty

The penalties for violating the Academic Honesty Policy will range from a mark of “0” for the particular assignment/test/exam in question to a mark of “F” for the entire course.

7. Course Schedule
	Week
	Lecture #
	Lecture Topics
	Lab #
	Lab Topics

	1
	1
	Introduction

Genetic Variation (Gillespie Ch. 1)
	First week (No lab)

	2
	2
	Genetic Drift – Part 1 (Gillespie Ch.2)
	1
	Population Genetics Simulations and Drills

	
	3
	Genetic Drift – Part 2 (Gillespie Ch.2)
	
	

	3
	4
	Natural selection – Part 1 (Gillespie Ch.3)
	2
	Population Genetics Simulations and Drills

	
	5
	Natural selection – Part 2 (Gillespie Ch.3)
	
	

	4
	6
	Two-Locus Dynamics (Gillespie Ch.4)
	3
	Population Genetics Simulations and Drills

	
	7
	Non-Random Mating (Gillespie Ch.5)
	
	

	5
	Mid-term exam 1 (Lectures 1 – 7)
	4
	Introduction to Perl

(Tisdall Chs.1-3)

	
	8
	Introduction to Bioinformatics – Part 1 (Lesk Ch.1)
	
	

	6
	9
	Introduction to Bioinformatics – Part 2 (Lesk Ch.1)
	5
	Sequences and Strings

(Tisdall Ch.4)

	
	10
	Genome Organization and Evolution – Part 1 

(Lesk Ch.2)
	
	

	7
	11
	Genome Organization and Evolution – Part 2 

(Lesk Ch.2)
	6
	Motifs and Loops

(Tisdall Ch.5)

	
	12
	Genome Organization and Evolution – Part 3 

(Lesk Ch.2)
	
	

	8
	13
	Scientific Publications and Archives – Part 1 

(Lesk Ch.3)
	7
	Subroutines and Bugs

(Tisdall Ch.6)

	
	14
	Scientific Publications and Archives – Part 2 

(Lesk Ch.3)
	
	

	9
	Spring recess (No lectures or labs)

	10
	15
	Information Retrieval – Part 1 (Lesk Ch.4)
	8
	Mutations and Randomization (Tisdall Ch.7)

	
	16
	Information Retrieval – Part 2 (Lesk Ch.4)
	
	

	11
	Mid-term exam 2 (Lectures 8 – 16)
	9
	The Genetic Code

(Tisdall Ch.8)

	
	17
	Alignment and Phylogenetic Trees – Part 1 

(Lesk Ch.5)
	
	

	12
	18
	Alignment and Phylogenetic Trees – Part 2 

(Lesk Ch.5)
	10
	Restriction Maps and Regular Expression

(Tisdall Ch.9)

	
	19
	Alignment and Phylogenetic Trees – Part 3 

(Lesk Ch.5)
	
	

	13
	20
	Structural Bioinformatics – Part 1  (Lesk Ch.6)
	11
	GenBank

(Tisdall Ch.10)

	
	21
	Structural Bioinformatics – Part 2  (Lesk Ch.6)
	
	

	14
	22
	Drug Discovery and Development – Part 1 

(Lesk Ch.6)
	Thanksgiving recess (No lab)

	
	Thanksgiving recess (No lecture)
	

	15
	23
	Proteomics (Lesk Ch.7)
	12
	Protein Data Bank

(Tisdall Ch.11)

	
	24
	Systems Biology – Part 1 (Lesk Ch.7)
	
	

	16
	25
	Systems Biology – Part 2 (Lesk Ch.7)
	13
	Programming BLAST, BioPerl
(TIsdall Ch.12)

	
	26
	Special Topic (TBA)
	
	

	17
	
	Final exam (Lectures 17 – 26)
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