Term 3 Wed & Fri Jan 7 - Feb 20 2009 Time: 9:30am-11:30am Room N311           GSBS-BCM
 

Course Number 311-405 Credits: 3 Grading: Graded    Course Director: Aleksandar Milosavljevic

Course 311-405: Computer-Aided Discovery Methods
1. Course Summary

The objective of this course is to introduce students to the concepts, methods and tools relevant for computer-aided discovery using data collected using high-throughput technologies. The course will focus on the methods of integration of data, tools, and discovery processes and the methods of computational pattern discovery, hypothesis generation and testing. The students will master advanced applications of computing that enable new methods of discovery in the field of cancer biology. The course will not focus exclusively on technical, algorithmic or mathematical aspects nor will it focus on biology alone. Instead, the focus will be on genuine integration of the two fields. 
The course will consist of the following three segments:
1. Preliminaries Segment (weeks 1-3): Review of (1) biological theme for the course, which may change from year to year; current biological theme is cancer; Recommended text: Molecular Biology of Cancer: Mechanisms, Targets, and Therapeutics by Lauren Pecorino; (2) Genboree online discovery system (3) Programming in Ruby; using Bio:Ruby and R statistical package.
2. In-depth Case Studies Segment (weeks 4-7): Computer-aided discovery methodologies adapted from key papers in the biomedical theme area. Computational laboratory exercises.
3. Review Segment and Exam (week 9): Review of laboratory exercises and exam preparation.
The course will have a significant computational laboratory component.  A total of 7 didactic computational exercises will focus on key steps in specific data-intensive discovery methodologies. 
2. Course Description
A. Specific needs the course will meet: 
The course will broaden student’s perspective on computational discovery methods, enable them to apply advanced computer-aided discovery methods within and beyond the biomedical theme area, and to develop novel computer-aided discovery methodologies that employ very large data sets and high-throughput data-collection methodologies. 

B. Audience: 
This is an advanced graduate course for students with dual backgrounds in life sciences and in an engineering or mathematical discipline. This course is developed as part of the “Biomedical Discovery from very Large-scale Datasets” training program (NIH Roadmap training program, Tim Palzkill, PI) but the enrollment is not limited to the trainees of that program.
C. Core or elective: 
This is the core course of the BMDTP program. It will be available as elective course for all other students with adequate backgrounds.

D. Credits: 3 
2 hours of didactic lectures and 2 hours of computational laboratory exercises per week.

E. Terms: January 7 –February 20 2009
F. Day of the week: Wednesday, Friday
G. Start time – Stop time: 9:30am-11:30am
H. Location: Room N311
I. Enrollment limitation: 30
J. Prerequisites: 
Students attending the course will be expected to have dual backgrounds. They are expected to have background at the level of an undergraduate minor in computer science or and applied mathematical or engineering discipline and a biology major, or vice versa. Students with purely biology backgrounds who have completed a graduate-level course in statistics or applied mathematics and have some experience in elementary programming in a scripting language such as Perl or Ruby qualify to take the course.

3. Potential overlap with existing courses with regards to subject matter as well as scheduling.  
The course will overlap slightly with the following three BCM courses: (1) Bioinformatics and Genomic Analysis, (2) Proteomics and Functional Genomics, and (3) Cancer. 
The unique aspect of the course is (1) in-depth focus on computational methods for the study of cancer, (2) in-depth hands-on examination of paradigmatic case studies and (3) extensive computational laboratory exercises that will enable students to perform computationally intensive research and to advance computationally intensive research methodology.
4. Addition or replacement of existing course.  
No.

5. Detailed lecture/lab outline:



Background Segment
	Week
	Time/ Room
	Topic
	Lecturer

	1
	Wed

Jan 7
9:30am-

11:30am

N311
	9:30am-9:45am: Introduction by Prof. Aleksandar Milosavljevic, course director
	Prof.Aleksandar Milosavljevic
amilosav@bcm.edu

	
	
	9:45am-11:30am: Cancer Biology (part 1 of 3): Cancer as a genetic disease; Mutations and repair. Environmental interactions and cancer.
	Prof. Ching C. Lau

cclau@txccc.org; chingl@bcm.edu

	
	Fri

Jan 9
9:30am-

11:30am

N311
	Data Integration in Genboree and Galaxy pipelines (part 1 of 2): Integration of data using reference genomic sequences. Users, Groups, Roles, Database, linking, sharing and up- and down-loading data. Tools; tabular views, track operators, editors. Using Galaxy for pipeline integration. Genboree Lab Exercise.
	Prof. R. Alan Harris

rharris1@bcm.edu


	2
	Wed

Jan 14
9:30am-

11:30am

N311
	Cancer Biology (part 2 of 3): Cancer stem cells and differentiation; Metastasis; Cancer types by organ of origin.

	Prof. Yi Li

liyi@bcm.tmc.edu


	
	Fri

Jan 16
9:30am-

11:30am

N311
	9:30am-10:30am: Data Integration in Genboree and Galaxy pipelines (part 2 of 2): Review of Genboree Lab Exercise.
	Prof. R. Alan Harris
rharris1@bcm.edu


	
	
	10:30am-11:30am: Integrating tools using Ruby (part 1 of 2): Programming in Ruby. Ruby Lab Exercise #1.
	Mr. Andrew Jackson

andrewj@bcm.edu

	3
	Wed 

Jan 21
9:30am-

11:30am

N311
	Cancer Biology (part 3 of 3): Regulation of gene expression in cancer; Growth factor signaling. Growth inhibition signaling; Apoptosis.
	Prof. Adrian V. Lee

avlee@bcm.edu


	
	Fri

Jan 23
9:30am-

11:30am

N311
	Integrating tools using Ruby (part 2 of 2):   Review of Ruby Lab Exercise #1. Using Ruby to integrate data in Genboree. Use of Ruby and Ruby libraries to manipulate tabular and sequence data. Integrated data analysis using Genboree Application Program Interfaces (APIs), Ruby, Bio:Ruby and R. Ruby Lab Exercise #2.
	Mr. Andrew Jackson
andrewj@bcm.edu

	4
	Wed

Jan 28
9:30am-

11:30am

N311
	Studies of genome variation. Insights into cancer biology from resequencing of cancer genomes and from mapping of chromosomal rearrangements in cancer using array CGH and end-sequence profiling. 
	Prof. Aleksandar Milosavljevic

amilosav@bcm.edu

	
	Fri

Jan 30
9:30am-

11:30am

N311
	Computational laboratory: Design of an array CGH assay. Finding recurrent aberrations in breast cancer using publicly available array CGH data. Subtracting known human structural polymorphisms. Gene annotation to identify aberrations that involve genes known to be relevant for cancer progression. Identifying aberrations relevant for cancer progression by integrating DNA dosage and gene expression information.  
	Mr. Chris Miller

camiller@bcm.edu


	5
	Wed

Feb 4
9:30am-

11:30am

N311
	Transcriptional regulatory pathways.

Key papers (also used for designing lab exercise for this week):

Insulin-like growth factor I (IGF-I) activates gene transcription programs strongly associated with poor breast cancer prognosis. (2008). Creighton CJ, Casa A, Lazard Z, Huang S, Tsimelzon A, Hilsenbeck SG, Osborne CK, and Lee AV
Journal of Clinical Oncology. 26:4078-4085
A gene transcription signature of the Akt/mTOR pathway in clinical breast tumors.
(2007). Creighton CJ. Oncogene. 26:4648-4655. 
	Prof. Chad Creighton

creighto@bcm.edu


	
	Fri

Feb 6
9:30am-

11:30am

N311
	Computational laboratory.
Insulin-like growth factor I (IGF-I) activates gene transcription programs strongly associated with poor breast cancer prognosis. (2008). Creighton CJ, Casa A, Lazard Z, Huang S, Tsimelzon A, Hilsenbeck SG, Osborne CK, and Lee AV
Journal of Clinical Oncology. 26:4078-4085
A gene transcription signature of the Akt/mTOR pathway in clinical breast tumors.
(2007). Creighton CJ. Oncogene. 26:4648-4655.
	Mr. Chris Miller

camiller@bcm.edu


	6
	Wed

Feb 11
9:30am-

11:30am

N311
	Gene expression study of cancer: biomarker discovery from gene expression and serum MALDI-TOF data – TENTATIVE. Discovery of prognostic and predictive biomarkers from gene expression and mass spectrometry data using feature selection and unsupervised learning. 

Focus paper (see also Comp Lab exercise for this week):

Expression profiles of osteosarcoma that can predict response to chemotherapy.
Cancer Res. 2005 Sep 15;65(18):8142-50. 
PMID: 16166288 [PubMed - indexed for MEDLINE]
Other relevant papers:

Classification of sarcomas using bioinformatics and molecular profiling.
Curr Pharm Biotechnol. 2007 Apr;8(2):83-91. Review. 
PMID: 17430156 [PubMed - indexed for MEDLINE]

Identification of a plasma proteomic signature to distinguish pediatric osteosarcoma from benign osteochondroma.
Proteomics. 2006 Jun;6(11):3426-35. 
PMID: 16673437 [PubMed - indexed for MEDLINE]


	Prof. Chris T. Man

CTMAN@txccc.org


	
	Fri

Feb 13

9:30am-

11:30am

N311
	Computational laboratory.
Expression profiles of osteosarcoma that can predict response to chemotherapy.
Cancer Res. 2005 Sep 15;65(18):8142-50. 
PMID: 16166288 [PubMed - indexed for MEDLINE]

	Prof. Cristian Coarfa

coarfa@bcm.edu


	7
	Wed

Feb 18

9:30am-

11:30am

N311
	Epigenomics of Cancer. Studies of transcription factor binding sites and histone modifications using ChIP-chip and Chip-seq assays.
	Prof. Wei Li

wl1@bcm.edu


	
	Fri

Feb 20

9:30am-

11:30am

N311
	Computational laboratory. Performing ChIP-chip and chip-seq analyses of the state of histone modifications.
	Prof. Cristian Coarfa

coarfa@bcm.edu


	8
	Wed

Feb 25

9:30am-

11:30am

N311
	Review of computational laboratory exercises. Pre-exam review of course material. Free Q/A session.


	Prof. Aleksandar Milosavljevic

Prof. Chad Creighton

Prof. Chris T. Man

Prof. R. Alan Harris

Mr. Andrew Jackson

Mr. Chris Miller

Prof. Cristian Coarfa



	
	Fri

Feb 27

9:30am-

11:30am

N311
	Exam
	


6. Grading Criteria 
This will be a graded course. 60% of the grade will be based on computational laboratory exercises; 40% will be based on final exam performance. 

7.  Instructors:  Aleksandar Milosavljevic, Adrian V. Lee, Yi Li, Wei Li, Chad Creighton, Ching C. Lau, Chris T. Man
8. Assistants: Assistant Course Director: R. Alan Harris, Andrew R. Jackson, Chris Miller, Cristian Coarfa
9. Course Director: Aleksandar Milosavljevic[image: image1.png]
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