Course description

The Genomics education program at CCNY is implemented through the existing course Sci280

“Bioinformatics and Biomolecular Systems”, which was developed by the collaboration of the faculty from Chemistry, Biology and Computer Science with the HHMI science education grant to CCNY.  This course is a computer-laboratory-based interdisciplinary course, which introduces basics of genome science and genetic materials (DNA, RNA and protein), and comparative genomics. 
Students will learn to use bioinformatics databases, computational tools, and literature database to complete projects in gene annotation, siRNA design for silencing disease genes, structure analysis and modeling of important proteins in enzymatic degradation of polymer waste, tumor suppression and sensory receptors.  This course provides basic knowledge/skill in bioinformatics and genome science to prepare students for early participation in research in bioengineering, molecular genetics, system biology, and molecular structural biology
Syllabus of Sci 280 “Bioinformatics and Biomolecular systems”  (Spring 2009)
{With slight modification in schedule and topics, this course is offered to advance high school students 
  as one of the summer academy courses  (Sci316) in  2009, from July 1st to August 13th}

Time: Fridays 2:00pm-5:40pm,   Location: Marshak 0-44/45 (Science division computer room) 

Pre-requisites: Chem 103, or Bio101, and Calculus I
Course Instructor:   Dr. Yuying Gosser,  Research Assistant Professor of Structural Biology and Bioinformatics

Guest Lecturers:
                           Dr. Ruth Stark, CUNY distinguished professor of Biochemistry, one lecture on 

                                  macromolecular structure study using NMR

  Dr. Peter Brass, Professor of Computer Science, one lecture on bioinformatics algorithm

                            Dr. Cristina Clement (Albert Einstein Medical School), one lecture on protein sequencing using 

                                   Mass spectrometry data

                            Dr. Dr. Sihong Wang,  Professor of Biomedical Engineering Professor, one lecture on gene 

                                   cloning and expression

Teaching Assistant:
Ziying Lu,  Biochemistry senior
References:
1. Teaching materials posted on the gep website: 
     http://www.gep.wustl.edu/curriculum/course_materials1.php
2. Primary bioinformatics database and tools: 
     www.NCBI.nlm.nih.gov, www.pdb.org, www.pubmed.org, http://www.ebi.ac.uk/Tools/
3. Molecular Biology of The Cell, Bruce Alberts, etc Fifth Edition,  Garland Science, 2005
4. Bioinformatics, Third Edition, Edited by Andreas D. Baxevanis and B.F.Francis Ouellette, Wiley, 2005

5.Protein Structure and Function: From Sequence to Consequence by G. A. Petsko and D. Ringe, 2008
   New Science Press Ltd.
Lecture slides and the original literature, and project instructions are posted in the internal class website.
Students are required to complete pre-course survey and quiz,  two research oriented projects and  post-course survey and quiz.
1) A systematic investigation of an important gene related to cancer, tumor suppression, biocatalysis, or sensory receptors, or environmental issue, including the identification of the gene locus, protein sequence similarity and  3D structure from PDB bank or prediction based on homology modeling. 3D structure visualization and analysis of functional motifs based on the primary reference paper.  Design a siRNA sequence to silence a target gene 
2) Complete a gene annotation project and a final report based on the results of the gene annotation.  The completed projects will be submitted  to the GEP headquarter at Washington University at St Louis for authentication of annotation and subsequently deposited to the primary bioinformatic databases (NCBI or Flybase.org)
Topics covered:

I. Cell structure and Central Dogma (Reading: the introduction to elements of Biology 
       at http://www.ebi.ac.uk/microarray/biology_intro.html)
1. Introduction of genbank (www.ncbi.nih.gov), protein sequence and DNA sequence

BLAST: sequence similarity searching

CLUSTALW => identifying conserved regions;
2. Introduction to  protein structure data bank (www.pdb.org), structure visualization using Pymol
3.  Analysis of structural character and function of the target proteins—Read the primary citation paper

II.   Protein 3D structure prediction --   the basis of homology modeling

       1)  BLAST search of sequence similarity against NCBI nr database and pdb database

       2)  Use SWISS-Model server to run homology modeling

       3)  Download the pdb file generated by SWISS-Model, visualization and analysis using Pymol.

III.  Protein Structure determination methods, and structure –function analysis
       1) NMR study of protein structure and protein-ligand interaction,
       2)  X-ray Crystallography  
       3) Guest lecture by Dr. Ruth Stark,   Macromolecular structure study using NMR

   Project 1a:  Structure visualization, analysis and modeling of important proteins (including enzymes  in 
            biocatalysis , and tumor suppressors, and sensory receptors, etc). 

            Based on the primary reference papers and information in NCBI and PDB  prepare  a power point  
            presentation.
IV. Genome sequencing: 

1. DNA sequence assembly paper experiment and discussion of questions on overlap probability, six translation frames, etc.
2. The shotgun sequencing strategy and sequence reconstruction algorithms 
3. The Sanger method
4.  The new sequencing methods, such as 454sequencing (optional)
V.   Protein sequencing and  Proteomics  (Ref: http://www.expasy.ch/tools/) (Guest lecture by Dr. Clement)
     a)    Mass spectrometry based protein sequence identification

     b)    Demonstration of using MASCOT software for identification of a peptide sequence.
     c)    In class exercise
VI. Introduction to probability and algorithms of Bioinformatics (Guest lecture by  Dr. Brass)
  a)    The shotgun sequencing strategy and sequence reconstruction algorithms
  b)    The algorithms for Local and global sequence alignment, multiple sequence alignment, 

          (BLAST and ClustalW)
  c)     Hidden Markov Models as generative model for aligned families of proteins, profile-HMMs

VII. Overview of gene cloning and expression technology  (ref. MIT open course ware)

       a)  Vector and restriction enzyme;  

       b)   Plasmid construction;
       c)  PCR and Site direct mutagenesis protocol (optional)
VIII. Overview  Microarray technology and genome-wide gene expression profiling
IX. Introduction to  RNA structure, modeling, microRNA, siRNA and gene silencing, microRNA databases 

Project 1b: design a siRNA sequence to silence a target gene (based on the mRNA sequence of the target gene model the mRNA structure, and design the siRNA sequence to complement the single strand region of the mRNA).
X. Comparative genomics and Gene annotation
1) Introduction to  evidence based gene annotation (www.gep.wustl.edu)
2) Demonstration: Annotate a Drosophila virilis gene based on it’s orthorlog  Drosophila. Milanogaster using various online software and databases (GENSCAN, Flybase.org, ENSEMBL, NCBI- Genbank,  BLAST and Mapview, UCSC Genome Browser).
3) Stepwise tutorial of gene annotation – Key steps:
i) Identify ortholog using flybase, 
ii) Identify the coordinates of each exon using ENSEMBL and NCBI BLASTx against the original unmasked DNA sequence; 
iii) Checking the start and stop codon and splicing site features using UCSC Genome Browser mirror at WUSTL (http://gander.wustl.edu/);

 iv) Construct gene structure model, pass gene checker and get the cDNA sequence (mRNA sequence);
 v) goto  http://www.expasy.ch/tools/dna.html to translate the DNA sequence to protein sequence, run BLAST2 against the ortholog (d. milanogaster)  protein sequence to see the similarity;  run BLASTp against nr db or  SWISS-Prot db, and then run clustalw to identify the conserved regions; 
vi) inferring the structure and function of the gene under annotation based on the sequence similarity; 
vii) checking synteny; 
4) Project 2: Annotate a fragment of genome sequence, i.e a fosmid or a contig, which contains more 
than one gene.  (All isoforms of each gene  need to be checked and annotated)
      Students will generate the gene model and prepare their gene annotation reports to be submitted for 
       authentication at the GEP headquarter in Washington University at Saint Louis.

XI.  Poster presentation of projects

