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Milestone 3
Due: February 20, 2008 at the start of class
(E-mail solutions to “BISC/CS303 Drop Box”)
Student Name:

Task 1:
Generating a Random Genomic Sequence

Download the Python program random.py from the course website:

  http://cs.wellesley.edu/~cs303/assignments/M3/random.py

Study this program. The program contains a function that generates a random sequence of 100 DNA nucleotides. Each nucleotide in the randomly generated sequence has a 25% chance of being an adenine, a 25% chance of being a cytosine, a 25% chance of being a guanine, and a 25% chance of being a thymine. Try executing the program a few times to get a sense of what the program does. You should make the following two modifications to the function in the program.
(1) Currently, the function generates sequences whose expected GC content is 50%. Modify the function to generate sequences whose expected GC content is 38%, similar to the GC content of the yeast genome. In other words, you should modify the function so that each nucleotide in the random generated sequence should have a 31% chance of being an adenine, a 19% chance of being a guanine, a 19% chance of being a cytosine, and a 31% chance of being a thymine.

(2) Currently, the function generates sequences of 100 nucleotides in length. Modify the function so that it has a parameter, n, indicating the length of the sequence to be generated, i.e., def generateRandomSequence(n). You should modify the function so that it generates sequences of length n rather than of length 100. Thus, when the instruction “print generateRandomSequence(1317)” is executed, a random sequence of 1,317 nucleotides should printed on the screen.
When submitting this milestone, include your modified random.py program.

Task 2:
Translating Gene Sequences to Protein Sequences
Download the Python program translate.py from the course website:

  http://cs.wellesley.edu/~cs303/assignments/M3/translate.py

Study this program. The program translates a single codon (composed of three DNA nucleotides) into the appropriate amino acid. Modify the program so that it will read in a DNA sequence from a FASTA file and translate the entire DNA sequence into a protein sequence. You may assume that the file you read in contains a protein-coding DNA sequence.
Not all of the 20 amino acids occur with the same frequency in protein sequences. For instance, cysteine (C) and tryptophan (W) are relatively rare. On average, yeast protein sequences are made up of less than 2% cysteines and less than 2% tryptophans. In contrast, alanine (A) and leucine (L) are relatively common. On average, yeast protein sequences are made up of approximately 8% alanines and 10% leucines.
Download the following file, containing an ORF (open reading frame), from the course website:

  http://cs.wellesley.edu/~cs303/assignments/M3/ORF.txt
What percent of the translated ORF sequence is composed of cysteines, of tryptophans, of alanines, and of leucines? Do you think this ORF is likely to be a gene? In other words, is the composition of amino acids in the translated sequence consistent with the amino acid composition in known yeast genes?

Task 3:
Gene Finding
In this task, you will search for potential genes in the DNA from yeast chromosome #7. This chromosome contains 561 putative protein-coding genes. Download the Python program findORFs.py from the course website:

  http://cs.wellesley.edu/~cs303/assignments/M3/findORFs.py

Study this program. The program prints out all ORFs (open reading frames) in a sequence. An ORF is a genomic sequence beginning with a start codon and containing only one in-frame stop codon, which occurs at the end of the sequence. A stop codon is “in-frame” if it is a multiple of three nucleotides downstream of the start codon. For example, the sequence “ATGCATCGTAGCTAG” is an ORF because it begins with “ATG” and ends with an in-frame stop codon, “TAG”, with no other in-frame stop codons appearing in the sequence. In contrast, the sequence “ATGGATCTAG” is not an ORF because the stop codon “TAG” is not in-frame with the start codon. Similarly, the sequence “ATGACCTAGGGTTAG” is not an ORF (though it contains an ORF within the sequence) because there is an in-frame stop codon “TAG” occurring before the end of the sequence. When searching for genes in a genomic sequence, it is useful to identify ORFs because, although there are many more ORFs than genes in genomes, most genes correspond to an ORF.
We are interested, here, in ORFs that evince properties common to known yeast genes. You will be modifying and then executing the ORF-finding program on the DNA sequence from yeast chromosome #7:

http://cs.wellesley.edu/~cs303/assignments/M3/yeast7.txt
How many ORFs are there in yeast chromosome #7? 
How many ORFs in the yeast chromosome are at least 100nt in length but no more than 2000nt in length?
How many of the ORFs have an amino acid composition consisting of less than 4% cysteines and less then 4% tryptophans and more than 6% alanines and more than 6% leucines?
For how many of the ORFs is there a corresponding Kozak sequence? Recall that the Kozak sequence, which facilitates ribosome binding, can be expressed as RCCATGG, where the letter ‘R’ stands for any purine, either adenine or guanine. The Kozak sequence should encompass the first codon of a gene sequence. In other words, the “ATG” in the Kozak sequence should correspond to a start codon.
For comparison, now generate a random sequence of 1,090,946 nucleotides with expected GC content of 38% (as context, chromosome #7 in the yeast genome contains 1,090,946 nucleotides). How many ORFs are there in your randomly generated sequence? How many ORFs in your randomly generated sequence are at least 100nt in length but no more than 2000nt in length? How many ORFs have an amino acid composition consisting of less than 4% cysteines and less than 4% tryptophans and more than 6% alanines and more than 6% leucines? For how many of the ORFs is there a corresponding Kozak sequence?
Task 4:
Motifs in Genomic Sequences

TATA boxes and Kozak sequences are examples of motifs found in genomics sequences. Instances of these motifs in a genomic sequence, e.g., TATAAA or ACCATGG, can serve as signals to a cell during important biological processes such as transcription and translation. 
When investigating a gene in a genome and how the gene is regulated, it may be useful to identify instances of various motifs for the gene. However, identifying instances of motifs in a genomic sequence is non-trivial. For example, the TATA box for most eukaryotic genes is composed of the following six nucleotides: TATAAA. The most commonly occurring instance of a motif is called the consensus sequence for the motif. But some genes have degenerate TATA boxes that differ from the consensus sequence, such as TATATA or CATAAA. If we only searched a genomic sequence for the consensus sequence of a motif, we would miss other (degenerate) instances of the motif.
How then might we search for an instance of a gene’s TATA box, if the instance might differ from the consensus sequence? One approach would be to search for sequences of six nucleotides either that match the consensus sequence, TATAAA, or that differ from the consensus sequence only by 1 or 2 nucleotides. This approach, however, has limitations. All TATA box instances have a thymine nucleotide as the 3rd of the six nucleotides. The 5th of the six nucleotides is an adenine about two-thirds of the time and is a thymine about one-third of the time. Ideally, our approach for identifying instances of motifs should take into account the fact that some positions in the motif may contain more variability (e.g., position 5) than other positions (e.g., position3). 

A weight-matrix is a means for describing a motif that takes into account the nucleotide variability in each position of the motif. For instance, a weight-matrix for the TATA box is given below.
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The weight-matrix above reflects the fact that for a large number of well studied TATA box instances, the first nucleotide is an adenine 4% of the time, a cytosine 10% of the time, a guanine 3% of the time, and a thymine 83% of the time. Looking at the weight-matrix above for the TATA box motif, we would conclude that the sequence TATAAA better “fits” the TATA box motif than does the sequence GGGGGG.

More formally, given a weight-matrix for a motif, we can calculate the probability that a given sequence (of the same length as the weight-matrix) corresponds to the motif. The probability that a sequence corresponds to a motif is the product of the frequency of each nucleotide in the given sequence as determined by the weight-matrix. For instance, for the TATA box weight-matrix above, the probability that the sequence TATAAA corresponds to the TATA box motif is:

ProbabilityTATA(TATAAA) = 0.83 * 0.90 * 1.00 * 0.95 * 0.66 * 0.97 ≈ 0.45
The probability that the sequence GGGGGG corresponds to the TATA box motif is:


ProbabilityTATA(GGGGGG) = 0.03 * 0.01 * 0.00 * 0.00 * 0.01 * 0.03 ≈ 0.0
The probability that the sequence CATTTG corresponds to the TATA box motif is:


ProbabilityTATA(CATTTG) = 0.10 * 0.90 * 1.00 * 0.05 * 0.32 * 0.03 ≈ 4.3 x 10-5
Download the Python program matrix.py from the course website:

  http://cs.wellesley.edu/~cs303/assignments/M3/matrix.py

Study this program. In the matrix.py program, there are four functions, each incomplete. You must fill in the appropriate code for each of the four functions in matrix.py.

· Fill in the function readFile so that it reads in a genomic sequence from a FASTA file and returns the sequence.
· Fill in the function TATA_probability(s) so that it returns the probability that the hexamer s corresponds to the TATA box motif.
· Fill in the function

probability_of_TATA_instances_in_sequence(sequence) so that it prints out each hexamer in sequence along with the probability that each hexamer corresponds to the TATA box motif.

· Fill in the function best_TATA_instance_in_sequence(sequence) so that it finds the hexamer in sequence with the highest probability of being an instance of the TATA box motif. The function should print out this highest scoring hexamer along with its probability.

Ultimately, your program should read in the genomic sequence from the file ORF.txt and print out the hexamer that has the highest probability of corresponding to a TATA box motif.

When submitting this milestone, include your modified matrix.py program.

Task 5:
Significance of Motif Instances

In Task 4, we identified instances of TATA box motifs in a genomic sequence. In trying to assess how likely it is that a hexamer corresponds to the TATA box motif, it would be useful to know how likely it is that the hexamer occurs by random chance in the genomic sequence. Consider that, in addition to all of the genuine TATA boxes in a genome, there will be many spurious sequences similar to TATA boxes that occur in a genome by random chance. In particular, in a large genomic sequence with a high concentration of adenine and thymine nucleotides, the hexamer TATAAA may occur by random chance. It stands to reason that, in genomes with low GC content, there will be more spurious sequences that are similar to TATA boxes and, in genomes with high GC content, there will be fewer spurious sequences that are similar to TATA boxes. Further, if we observe a sequence such as TATAAA in a genome with high GC content, we may have more confidence that it corresponds to a TATA box than if we observe the same sequence in a genome with low GC content since the sequence is more likely to occur by chance in the low GC content genome.
Here, you will assess how likely it is that a hexamer corresponds to a TATA box by considering how likely it is that the hexamer occurs by chance.  In a genome such as that of yeast, with a GC content of 38%, we can use the following background weight-matrix to determine the probability that a hexamer occurs by chance.
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As examples, the probability that the sequence TATAAA occurs by chance is:


ProbabilityChance(TATAAA) = 0.31 * 0.31 * 0.31 * 0.31 * 0.31 * 0.31 ≈ 8.9 x 10-4
The probability that the sequence GGGGGG occurs by chance is:


ProbabilityChance(GGGGGG) = 0.19 * 0.19 * 0.19 * 0.19 * 0.19 * 0.19 ≈ 4.7 x 10-5
The probability that the sequence CATTTG occurs by chance is:


ProbabilityChance(CATTTG) = 0.19 * 0.31 * 0.31 * 0.31 * 0.31 * 0.19 ≈ 3.3 x 10-4
The likelihood of a hexamer, X, corresponding to a TATA box, then, can be described as the probability of the hexamer corresponding to the TATA box weight-matrix divided by the probability of the hexamer corresponding to the background weight-matrix. 

Likelihood = ProbabilityTATA(X) / ProbabilityChance(X)
If the hexamer better “fits” the TATA box weight-matrix than the background weight-matrix, then the numerator will be larger than the denominator and the likelihood will be greater than 1.0. If the hexamer is more likely to occur by chance than to correspond to a TATA box, then denominator will be larger than the numerator and the likelihood will be less than 1.0. 
Write a Python program that reads in the sequence found in the file ORF.txt and prints out every hexamer whose likelihood of corresponding to a TATA box is greater than 1.0. Below, write out each hexamer from the ORF.txt file whose likelihood of corresponding to a TATA is greater than 1.0.
