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 Prereq. Molecular biology 101

 Course objective:  

    Introduce biology undergraduate students to the role of computer science in addressing fundamental questions posed in modern day molecular biology.

 Expected Outcomes:
    By the end of the course, the students should be able to:

·     identify and appreciate the role of computer science in modern day molecular biology research

·     design algorithms to automate basic operations in biological sequence analysis (e.g., mutations, alignment, evolutionary edit distance)

·     implement algorithms in Perl using basic data structures (e.g., arrays, matrices, hash tables)

·     co-relate among biological phenomena, computer science concepts, and natural phenomena (computational thinking)

·     identify & use more advanced tools for genomics analysis (e.g.,, EST clustering, SNP detection, comparative analysis, multiple sequence alignment).

 Programming tools:   Perl, Notepad+ 

Genomics tools:    BLAST, CAP3

 Book reference(s):       C.S. Clair and J. Visick, “Exploring bioinformatics: a project-based approach”, Jones and Bartlett publishers, Sudbury, MA, 2009. 

                                    ISBN: 978-0-7637-5829-5 

  Tentative lesson plan & hands-on exercises
 LEVEL: BEGINNER

 1) This is a "hello world" exercise using Perl. The goal is to introduce the basic construct and syntax of a standalone perl code.

 Source code: helloworld.pl
 2) In this exercise, the user will learn how to input a DNA "sequence"  as input to a Perl program and make the program print it out. The input will be done through two means - standard input or as an input text file in FASTA format.

             - Prog concepts:     I/O, while loop, string variables

 Source code: readDNA.pl, loadDNAfromFastaFile.pl, in.fas
  3) In this exercise, the user will learn how to convert a given strand of a DNA sequence into its corresponding reverse complemented strand sequence. 

             - Prog concepts:    regular expression, string character access & pattern matching

                        - CT concepts: Regular expressions are implemented using finite automata .Finite Automata (FA) are the basic type of computers. For example, a  regular expression "/cow/" will look for locations in the main text where the text "cow" appears as a substring (similar to a Google search query). In order to search for the pattern "cow",  the following state machine that transitions to different states depending on the text symbol just seen can be designed:

                [image: image1.jpg]



 Here, q0 is the initial/start state and the q3 is the "final/accepting" state. So if at any point of time the machine reaches state q3 it means it has found a pattern "cow" in the main text. 

 Source code: convertDNA-rcomp.pl
 4) In this exercise, the user will learn how to convert a DNA sequence into its corresponding RNA sequence. The main operation needed is to substitute every "T" with a "U".

             - Prog concepts: string translation

  Source code: convertDNA-RNA.pl
 5) In this exercise, the user will "translate" a coding sequence of a DNA into its corresponding amino acid sequence. A hash table will be used to store the genetic code table.

             - Prog concepts:    hash table

                - CT concepts: prog language -> compiler -> binary (gene->mRNA->protein), information theory.

 "Hashing" is a way to map a string into a number. For example, each codon can be mapped to a unique number starting from 0 (AAA), 1 (AAC), 2 (AAG), .... 63 (TTT). This hash mapping can be used to store the corresponding amino acid alphabet translated by that codon inside a hash table with 64 rows. Hash table is a way to keep arbitrary entries in a specific organized fashion.

 Source code: translateToProtein.pl, genetic_code.txt
 

 6) In this exercise, the user will compare two DNA sequences (of the same length) and identify sites of point mutations or Single Nucleotide Polymorphisms (SNPs). 

             - Prog concepts:  loop and character comparison

 Source code: mutation-detector.pl
Test inputs: s1.fas,s2.fas
 LEVEL: INTERMEDIATE

 7) In this exercise, the user will compute an "optimal alignment" between two sequences of possibly different lengths using the Needleman-Wunsch algorithm. The input will be two DNA sequences (s1 & s2), and a set of alignment parameters (match score, mismatch & gap penalties). The output is the optimal score and a display of an optimal alignment between s1 and s2.

             - Prog concepts: matrix (2D array)

            - CT concepts: combintarial optimality, dynamic programming, algorithm analysis.
Source code: sequence_aligner.pl 
Test inputs: x.fas, y.fas,  parameters.txt 

 Further reading: lecture slides     

8) Comparative transcriptomics: In this exercise, the users will use the CAP3 assembly software, which is suited for handling up to ~100,000 cDNA/EST sequences. The user will input two sets of cDNA/EST sequences from two different but related plant species (e.g., apple and pear). Then the CAP3 software will be run on these sequences and the results of the assembly will be analyzed. Result interpretation will include understanding a multiple sequence alignment, and inspecting for SNPs and indels that differentiate the transcript sequences from these different species.  The users will also use the some of the previously developed programs for analysis. 

Test inputs: apple_pear_sced.fas 

9) Sequence search: BLAST is the most popular software in bioinformatics and is used for DNA/protein sequence searches. The Query vs. Database model of searching will be introduced. The user will query a DNA sequence against a database of DNA sequences or protein sequences. Tool usage and interpretation of the results will be the focus of this session.  More advanced users can implement a mini-version of the BLAST search operation by implementing a sequence lookup table and then listing the word matches between the query and database. 

             - CT Concepts: database, query, time and memory complexity

 

 Further reading: lecture slides

 LEVEL: ADVANCED

 10) Large-scale EST clustering: This exercise will look at EST clustering based on sequence homology using PaCE, a parallel program. Applications for demonstrating the value of clustering could include i) differential gene expression across species and within species (across tissues), and ii) alternative splicing detection. Advanced users will use a Unix-platform based commodity cluster and job execution using a job scheduler on a parallel machine. 

             - Algorithmic concepts: parallel computing, suffix trees, clustering

 Further reading: lecture slides

