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Question (1) Go to the NCBI BLAST page (https://blast.ncbi.nlm.nih.gov/) and select “Nucleotide
BLAST” and under “Program Selection” choose “blastn” (should be the third one). We learned in class that
you can align DNA with a scoring scheme that scores mismatches between pyrimadines differently from mis-
matches between purines. Expand the “Algorithm parameters” section and examine the “Scoring parameters”.
Is it possible to configure BLAST to score mismatches between pyrimadines differently from mismatches be-
tween purines? If so, explain how.

ANSWER: No, it only offers one score for mismatches regardless of type.

Question (2) What matrix works best? Based on the matrix that works, what do you conclude about the evolu-
tionary distance between this sequence and its closest homologs in the database. What gene is it? What species
is the closest hit? Show the best alignment. How many amino acids are unchanged? How many are “positives”?
What does “positive” mean here? What’s the E-value?

ANSWER: It takes the PAM250 matrix to achieve significance. This means the evolutionary distance is large.



The gene is “cytochrome P450 20A1 isoform 1” (Mus musculus). The alignment is:

Zero amino acids are unchanged (Identities = 0/60). There are 55 of 60 “positives”. Positives are pairs which
have a positive score in the (PAM250) substitution matrix. The E-value is 2e-04.

Question (3) How many results were returned? How many species are involved in the hits?

ANSWER: 22 results were returned involving from two species.

Click on “Graphic Summary”. Supply a screen shot of the graphic.

Hover over the colored bars to figure out how many genes there appear to be on this contig.

ANSWER: There are six different genes.

Go back and run BLAST again but this time change database to “Non-redundant protein sequences (nr)”
(again restrict to Archaea). Does this reveal another possible gene on the contig? If so, what’s the gene’s name?

ANSWER: This search does reveal a 7th gene (oligopeptide transporter)
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Question (4) Metagenomics. How much higher is the score of the top hit compared to the second hit? Based
on the top hit, what is the species?

ANSWER: The top hit has score 2661 and the second hit has score 2213, so a difference of 448.

Question (5) How many genes are returned (give a screen shot of the Descriptions). What is the top hit? What’s
the E-value of the top hit? Intepret the E-value. Show the actual alignment.

ANSWER: Four genes are returned. The top hit is “P2Y purinoceptor 8”. The descriptions look like this:
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The E-value of the top hit is 28. That means we expect 28 hits this good or better even from a random database.
So that’s not very convincing. The actual aignment looks like this:

Now go back and get the protein sequence of this gene and do it again with blastp. What is the top hit and
E-value now? Draw a conclusion - in other words, should we worry when targeting the spike protein about off
target side-effects due to homology to human proteins?

ANSWER: The top hit now is “mitogen-activated protein kinase kinase kinase 7 isoform D”.. The E-value is
5.1. We conclude that there are (probably) no human proteins that are similar enough to the spike protein to
worry about off-target effects.
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