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BIO  307 Cell Evolution

 Dyer


COMP 215 Algorithms (and DNA)  LeBlanc

Building a Fuzzy, Contextual Gene Finder 

for Olfactory Receptor Genes

 Your assignment is to collaborate in a biology/computer science partnerships to design, implement, test, and present (on Sunday evening, December 8) a gene finding program that searches for olfactory receptor genes. 

FAQs
1. [image: image3..pict]What are olfactory receptor genes? These are genes found in large numbers in all animals and that code for receptors for particular odor molecules.  The receptors (usually situated in the nose) are used combinatorically to help us (and other animals) to distinguish particular complex smells.  For example, dogs have many more of these genes than humans, and therefore, dogs detect a wider range of odors.  However, humans have many pseudogenes  (mutated, non-functional genes) for olfaction dating from a time when our very distant ancestors were more olfactory, less upright, and less visual.

2. What allows the specific binding interaction between a receptor and its odor?  You will find out more about this in a special lecture by chemist, Chris Kalberg Wednesday 4-5 pm, November 13, GIS Lab.

3. [image: image4..pict]Why do we need an olfactory gene finder? Haven’t all the olfactory genes been found? All of the olfactory genes have not been found because there is such a wide range of them and the “rules” are still being worked out for what exactly constitutes an olfactory gene.   Actually, GENE FINDERS in general are difficult to build. Needless to say, a perfect gene finder has yet to be built!

4. Why FUZZY? “Fuzzy” implies a built-in flexibility that allows for a range of “spellings”. For example, a “fuzzy” word finder would allow you to spell “elephant” in several other recognizable ways: elefant, elefint, elephint, etc.
fuzzy, a. c. Computing and Logic. (Of a set) defined so as to allow for imprecise membership criteria and for gradations of membership; pertaining or belonging to such a set; fuzzy logic, the logic of fuzzy sets and fuzzy concepts; fuzzy matching, (the facility for) matching items which are similar but not identical. (Oxford English Dictionary [OED], http://dictionary.oed.com)
5. Why CONTEXTUAL?  “Contextual” implies a requirement that the finder recognize parts of a gene only if other parts are also present. The example below of “Seven Transmembrane Proteins” suggests that we are looking for MULTIPLES of SEVEN units rather than one unit at a time. (Read below for more detail.)

6. [image: image5..pict] What PRACTICAL information and research will be needed to construct an olfactory gene finder? 
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Olfactory Receptors (ORs) are positioned in the membranes of cells (usually in noses) and look something like pieces of string that have been woven through the membrane SEVEN TIMES.  Olfactory receptors are a type of “Seven Transmembrane Protein”.

The parts of the protein that are embedded in the membrane are comprised of some significant number (or FREQUENCY) of HYDROPHOBIC amino acids. The protein has SEVEN such hydrophobic sections. The SPACES between the hydrophobic units are also significant.

Amino acids are coded for by TRIPLETS of nucleotides (A,T,C,G) which are often represented as SYNONYMS. That is, there may be more than one triplet for each amino acid. See the [triplet-nucleotide to amino acid] mapping on the last page of this specification.

HYDROPHOBIC AMINO ACIDS (literally water-hating) ... (see page 5).

7. What is a TIMETABLE for the collaborative work necessary to build the gene finder?
(see attached timeline sheet)

8. What are my responsibilities for this final project?
In general: BIOLOGISTS are responsible for:

1. Providing particular pieces of information to their CS partners by email (CCed to bdyer and mleblanc). This includes:

(i) a list of triplet codons that code for hydrophobic amino acids, 

(ii) a list of stop codons, 

(iii) a suggestion as to what percent of the amino acids need to be hydrophobic, 

(iv) a suggestion as to what length of DNA will be allowed between hydrophobic coding regions.

2.  Providing at least two test examples (files) to check if the software is working. 

(i) File #1 -The sequence of a KNOWN olfactory receptor  

(ii) File #2 -The sequence of a well known gene-that is NOT an olfactory receptor)

3. Looking at results (output) of software at several points during the programming process.

4. Helping to make decisions about adjustments to be made to the software. Helping to make final decisions about whether genes have been “discovered” based on locating start and stop codons and other parameters.

5. Helping to make a decision as to which chromosome to search.  A reasonable default chromosome is Caenorhabditis Chromosome III (worm_III.fna).

6. Preparing your part of an oral presentation in which relevant background information on olfactory receptors is provided to a general audience.  This will most likely be a modified version of a section of your paper or of your journal club presentation.

In general COMPUTER SCIENTISTS are responsible for:

1. Writing the program for a general example and testing it with a small test file made up by themselves.

2. Incorporating certain parameters (provided by the biologists) into the program.

3. Testing the program with files provided by the biologists.

4. Making appointments with biologists to look at and discuss results of tests.

5. Helping to decide what organism and chromosome to search and then getting that chromosome from the GenBank database.

6. Preparing your part of an oral presentation by showing us the algorithm of your program, a Big Oh analysis of your software, examples of results, and “potential plans” for future modifications.

AN OUTLINE FOR A FUZZY, CONTEXTUAL PROCEDURE FOR LOCATING GENES FOR SEVEN TRANSMEMBRANE PROTEINS

1. Create a program that can open a file - at first a small sample file but eventually the file that contains all of the DNA for a chromosome, e.g. Caenorhabditis Chromosome III. We will be searching just ONE strand of that chromosome.

2. The program examines triplets of nucleotides within a string of letters (ATCG...), sixty letters (60-mer) at a time, for example, starting at bp 1, examining the triplet (1,2,3), then (4,5,6), etc, evaluating each time:

• Are any “Stop codons” present? If so, do not evaluate this 60-mer. Move on to the next 60-mer.

• Are certain (specified by biologist) triplets present? (These would be triplets coding for hydrophobic amino acids) 

• How many (and what %) of the triplets are “hydrophobic-coding”?

• IF the % is large enough (decided by biologist) then KEEP that 60-mer and note its starting base pair location. 

3. After examining each window of 60 base pairs, shift the window of 60 downstream by three base pairs and repeat until the end of the chromosome. For example, after the initial window from 1-60 where you examined (1,2,3) and (4,5,6), ... to (58,59,60), move the starting window position to bp 4 and begin again with a new window of 60: (4,5,6) and (7,8.9), ..., upto, ... (61,62,63).

4. Repeat steps #2 and #3 for each of the three reading frames. The program does the same thing for a second reading frame and then again for a third reading frame. For example, a second reading frame would start with bp 2 so the initial window of 60 would check (2,3,4), (5,6,7), ..., (59, 60, 61). The thrid reading frame would start with bp 3 so the initial window of 60 would check (3,4,5), (6,7,8), ..., (60, 61, 62). Three lists of significant 60-mer windows (that is, the window’s starting bases) will be the output.
5. IF you are working with an invertebrate (e.g., C.elegans), the program concatenates the three lists so that they are in base pair order. Then it looks for (and SAVES) clusters of SEVEN 60-mers that are separated by spaces that fall within a certain range (something like 25-500 bases). There will be SIX such spacer areas in every cluster of SEVEN 60-mers. IF you are working with a vertebrate (e.g., homo sapiens), do not concatenate the three lists and make sure “spacers” do not contain stop codons.

6. Either by simple word search (the biologist and computer scientist) or via a program, search the areas just before and just after a likely gene for a “Start codon” and one of three “Stop codons”. The biologist will help determine what is a reasonable search area. It could be 25-500 bases.

OUTPUT: A (short) list of base pair locations of putative (hypothesized) genes for “Seven Transmembrane Proteins” found on Chromosome ___ that fit all of the parameters:


Start/stop codons within a reasonable distance


Seven regions of reasonable length coding for a certain % of hydrophobic amino acids


Six spacer areas of reasonable length

OTHER OUTPUT: 

Use of this program on a file with a KNOWN Seven Transmembrane Gene FINDS IT!

Use of this program on a file without any Seven Transmembrane gene, FAILS to FIND ANY!
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NOTE: Each nucleic acid contains four types of base. The same two purines, adenine (A) and guanine (G), are present in both DNA and RNA. The two pyrimidines in DNA are cytosine (C) and thymine (T); in RNA, uracil (U) is found instead of thymine (T).
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