Assignment V 
Distances, KA/KS, Multiple Sequence Alignment 
1. Get the following cDNA sequences (GI numbers) NCBI: 2047304 63565 535359 473568 52885 6652536 5199136 165452. 

Align the DNA sequences with Tcoffee (default parameters). (5 points)

Extract the amino acid sequences. Align the amino acid sequences with Tcoffee (default parameters). (5 points)

Which of the two alignments (DNA or protein) yields a more realistic view of the evolutionary relationships among the sequences? Explain. (20 points)

2. Collect the L-lactate dehydrogenase A chain sequences (protein sequences) from the following organisms: human, spiny dogfish, chicken, royal python, axolotl, and Pacific barracuda. The protein sequences can be obtained from UNIPROT.
Align the protein sequences with ClustalW and TCoffee (in both cases with default parameters). Describe the differences between the two alignments? (10 points)

3. By using the PROTOGENE option of T-coffee fetch the cDNA alignment of the protein sequences in question 2 (Please attach DNA alignment with the homework). (5 points)

4. Use the SNAP program and the cDNA alignment from exercise 3 (If PROTOGENE returns multiple sequences for a species, choose only one) (http://hcv.lanl.gov/content/sequence/SNAP/SNAP.html) to calculate the synonymous (KS or Ds) and non-synonymous (KA or Dn) substitution rates for each pair of sequences in the alignment.

a. Which pair (report species names) has the lowest Ds/Dn value? (5 points)

5. Use the Distmat program in EMBOSS web server 
(http://emboss.bioinformatics.nl/cgi-bin/emboss/distmat) to calculate the evolutionary distances between every pair of sequences in your multiple alignment (the same DNA alignment that you used for the previous question). Use the Jukes-Cantor correction method and codon positions 1 and 2. 

a. Which pair of sequences is most conserved at codon positions 1 and 2? (5 points)

b. Assuming that each of the sequences of the most conserved pair has 1000 first and second codon positions, estimate how many substitutions have occurred at these positions since the two sequences have diverged from each other. (10 points)

c. Run the analysis again, this time for codon position 3. Which pair of sequences is the most conserved at codon position 3? (5 points)

d. Assuming that each of the sequences of the most conserved pair has 1000 third codon positions, estimate how many substitutions have occurred at these positions since the two sequences have diverged from each other. 

(10 points)

