BISC/CS303



Milestone 2

Due: February 13, 2008 at the start of class

(E-mail solutions to instructors)

Student Name:

Task 1:
Calculating GC Content

The GC content of a genome is the percentage of nucleotides in the genome that are either guanines or cytosines. Different genomes have widely varying GC contents. For example, the genomes of the bacteria Anaeromyxobacter have a GC content of about 75%, whereas the genomes of the bacteria Buchnera have a GC content of about 25%.

GC content differs not only between genomes but also within a genome. For example, regions of a genome that correspond to genes may have a higher GC content than regions of the same genome that do not correspond to genes. As a result, when trying to identify where genes are located in a genome, GC content may provide some clue, i.e., we may hypothesize that a region of high GC content is more likely to correspond to a gene than a region of low GC content.

GC content information can also be useful when searching for patterns in genomic data. For instance, in eukaryotic genomes, many genes are preceded by the nucleotide sequence “TATAAA”, known as a TATA box. When trying to identify where genes are located in a genome, the presence of a TATA box may signal the beginning of a gene. However, the presence of a TATA box may be a more useful signal in a genome with high GC content where TATA boxes are less likely to occur by chance, as opposed to genomes with low GC content where TATA boxes are more likely to occur by chance.

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

http://cs.wellesley.edu/~cs303/assignments/M2/calculateGC.py

This program calculates the GC content of the DNA sequence in a file in FASTA format. Download the file yeastGenome.txt. This file contains the entire yeast genome in FASTA format.

http://cs.wellesley.edu/~cs303/assignments/M2/yeastGenome.txt

Make sure that both files, calculateGC.py and yeastGenome.txt, are in the same folder on your computer.

Execute the Python program to determine the GC content of the yeast genome. Verify that the GC content of the yeast genome is 38%. Now download the genome of Escherichia coli and modify the Python program calculateGC.py to determine the GC content of the E. coli genome.

http://cs.wellesley.edu/~cs303/assignments/M2/EcoliGenome.txt

What is the GC content of the E. coli genome?

Download the DNA sequence of human chromosome 22.

http://cs.wellesley.edu/~cs303/assignments/M2/human22.txt

What is the GC content of this human chromosome?

Download the DNA sequence of the yeast chromosome that contains your gene. For instance, if your gene were on chromosome 2 or chromosome 13, you would download one of the following two files, respectively.

http://cs.wellesley.edu/~cs303/assignments/M2/yeast2.txt

http://cs.wellesley.edu/~cs303/assignments/M2/yeast13.txt

Using the coordinates of your gene that you determined in milestone 1, extract the DNA sequence for your gene from the chromosome sequence. What is the GC content of your gene?

Task 2:
Count the Number of Ambiguous Amino Acids in a Protein Sequence

Genomic sequences are commonly stored in FASTA formatted files. A file is in FASTA format if the first line of the file begins with the character ‘>’ followed by a comment describing the genomic sequence. Subsequent lines of the file contain the genomic sequence. Normally, in a FASTA formatted file, each line containing genomic sequence information is the same length, except possibly the last line.

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

http://cs.wellesley.edu/~cs303/assignments/M2/ambiguousCharacters.py

This program reads in a DNA sequence from a file in FASTA format and it identifies every character in the sequence that does not correspond to one of the four DNA nucleotides A, C, G, or T. Try creating your own FASTA file that contains a DNA sequence with ambiguous nucleotides (e.g., “GCXGACPCTA”), and execute the program on your file.

Now modify the program to count the number of ambiguous characters in a protein sequence. Recall, there are 20 amino acids (represented by the following 20 characters: A, C, D, E, F, G, H, I, K, L, M, N, P, Q, R, S, T, V, W, Y).

Download the following FASTA file, which contains a protein sequence:

http://cs.wellesley.edu/~cs303/assignments/M2/protein.txt

How many ambiguous amino acids are there in the protein sequence in this file?

Task 3:
Printing Out a Sequence in FASTA Format

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

http://cs.wellesley.edu/~cs303/assignments/M2/printOutCodons.py

This program reads in the sequence of a gene from a file in FASTA format and it prints out all of the codons in the gene sequence. In other words, in prints out the sequence three nucleotides at a time. Try executing the program on the following file, which contains the sequence of a hemoglobin gene found in humans.

http://cs.wellesley.edu/~cs303/assignments/M2/hemoglobin.txt

Now, rather than reading in a sequence from a file, suppose you have a variable named sequence that refers to a (possibly very large) genomic seqeucne. Write a few lines of Python code below that will print out in FASTA format the genomic sequence referred to by the variable sequence. The first line you print should be a header line starting with the character ‘>’. Subsequent lines should contain the genomic sequence, each line containing exactly 60 nucleotides, except possibly the last line.

Task 4:
Reverse Complementing a Sequence

Suppose sequence is a String variable that refers to a String of DNA nucleotides (i.e., a DNA sequence). Write a few lines of Python code below that will print out the complement of sequence.  For example, if sequence refers to the String “AGGCTTCA”, then your program code should cause “TCCGAAGT” to be printed out.

Write a few lines of Python code below that will print out the reverse of sequence.  For example, if sequence refers to the String “AGGCTTCA”, then your program code should cause “ACTTCGGA” to be printed out.

Task 5:
Searching for TATA boxes

Many eukaryotic genes contain a DNA sequence, called a TATA box, in their promoter region, i.e., just upstream of their start codon.  The TATA box is so named because it often consists of the following hexamer (i.e., 6 nucleotide) motif: “TATAAA”. Write a Python program named TATA.py, which reads in a FASTA formatted file named sequence.txt containing a genomic sequence, and prints out a message indicating if the genomic sequence contained in the file sequence.txt contains a TATA box.

Rather than a TATA box, some eukaryotic genes contain a degenerate version of the TATA box in their promoter region. A degenerate TATA box motif is similar to a non-degenerate TATA box motif, except that the fifth nucleotide is not an adenine, i.e., “TATACA”, “TATAGA”, and “TATATA” are degenerate TATA box motifs. Modify your Python program from above to indicate if the genomic sequence in a FASTA file named sequence.txt contains a degenerate TATA box motif. 

Finally, it may be useful to know if a TATA box or a degenerate TATA box occurs on either strand of a genome. Suppose the file sequence.txt contains a genomic sequence, and we want to know if either the genomic sequence or the corresponding sequence from the opposite strand of the genome (i.e., the reverse complement of the genomic sequence) contains a TATA box or a degenerate TATA box. Modify your Python program from above to indicate if either the genomic sequence from a file sequence.txt, or the sequence’s reverse complement contains a TATA box or a degenerate TATA box.

When submitting this milestone, include your final TATA.py program, which indicates if either the genomic sequence found in a file sequence.txt, or the sequence’s reverse complement, contains a TATA box or a degenerate TATA box. If no TATA box or degenerate TATA box is found, on either strand, your program should print out a message indicating that no semblance of a TATA box was found.
