HW4

Assigned 3/10//06

Due: Tuesday 3/21/06 noon

Part 0: Watch Genome Documentary

Those of you who miss class on Friday, 3/10/06, miss seeing the Nova documentary, Cracking the Code of Life, and are required to watch it as homework and write a one-page report.

The URL for a video stream of the movie is:

http://www.pbs.org/wgbh/nova/genome/program.html
If you need help organizing a one-page report consider the following question 
· Explain some larger the trends presented in this documentary and relate it to the syllabus of the class. (i.e. actually finding more disease genes and subsequent treatments)
Part 1: Alignment Problems and Programming


Use a solution to homework 3 as your starting point.  (Either your solution, or the posted solution).

A) Build a Spelling Checker

For this programming problem you will see how a simple change in perspective can change the purpose and value of the Smith-Waterman algorithm. 

Goal:

Write a program that takes as input a typewritten word intended to be one of the numbers, one, through ten, (I.e. one, two, three, …., ten), output if it is correctly spelled, or if it is not, suggest the correct spelling.

Method:

Do a Smith-Waterman alignment between the input word and the string, 

“one two three four five six seven eight nine ten”.  Think of the string as a dictionary.  The HSP will be the word in the dictionary that is the closest match.  If it is identical to the input word the word is spelled correctly.  If not, the closest match could be what the writer intended. 

Turn in:

A sample run of your program on the words

i) one

ii) won

What is the closest match and  the scores for the words

iii) tree

iv) pane

Exercise (not to turn in):

To see the power of this algorithm, run your program a few times.  Each time, without thinking, type 20 to 30 random characters as the word to be spell checked. There will always be an HSP.  Go back and look for yourself.  If you had to find a spelled out number in your string of gibberish, what number could you find?  Do you agree with the result of your program?

Change the dictionary string to, “peter piper picked a peck of pickled peppers” Repeat, the exercise


Aside, a nearly identical algorithm is used in the first layer of processing in speech recognition systems.  Often, a dictionary of speech signals, one for each phoneme is constructed.  The signal for spoken words is broken into phonemes and each phoneme is compared to the dictionary.  The biggest difference in the algorithm is that instead of using an alphabet of characters strung together as words, a speech signal is sampled (over time).  Think of each sample as a character.  Rather than a simple letter, the speech signal sample is a vector of numbers, (sometimes the discrete Fourier transform), and a mathematical function returns a matching score. In effect, replace your cost method with a method scoring the similarity of two Fourier transforms, and exactly your code will become a speech recognition program.  No other changes to the rest of your code same (really). 

In the exercise, you probably experienced, given a small vocabulary of very different words your program did an impressive job of uniquely interpreting input so noisy it was in fact gibberish.  But, given a set of close words, you couldn’t be so sure of the results.  The moral of the story is, even very powerful algorithms for finding patterns in noisy data can become unreliable when the dictionary of patterns gets large and thus likely has sets of related patterns. Thus, speech recognition and protein homology in the twilight zone (less then 10% conserved amino acids) is very hard to do.

B) Chaining

Implement the chaining algorithm.  Produce alignments for 

i) ShyShellysayssheshallsewsheets vs. Sallysellsseashellsattheseashore   (no spaces)

ii) Swanswamoverthesea vs. Swimswanswim
C) Protein Homology

Rewrite your solution to B, to align two proteins. The primary, (and possibly only), change to your program will be to change your cost function.  Use the BLOSUM62 weight matrix, as provided on the web site.  For a gap use a penalty of ???, i.e.  C(xi,_) = ???.

Since this is Java you will have to create an explicit mapping from the amino acid letters to the array index in the BLOSUM62 matrix

Weijia, you might to insert some of last year’s free advice.

On the web site are three fasta files, hw4seqA.fsa, hw4seqB.fsa, hw4seqC.fsa

Produce the three pairwise alignments

i) A vs B
ii) A vs. C
iii) B vs. C
Weijia, please use three sequences that represent a gene fusion event.
Part II; Complete the Rosetta Application Data Model.

Recall from class.  The conceptual model includes classes and/or associations representing

· Sequences

· Sequence provenance

· Pairwise  alignment

· Score

· Individual matches

· Gene fusion event (the rosetta relation)

· GO annotation (gene function) for each sequence

· Computed gene  function (as implied by a fusion event)

Complete this as you have done for other data model assignments this semester.

