Practice using NCBI, Blast, and Clustal

Due: Oct 16, 2006

The Internet has a wide range of free tools for manipulating and comparing DNA and protein sequences. Today, we will be comparing the protein sequences of one protein that is made by several organisms using some of the tools. The protein is actin, which is involved in muscle contractions in higher organisms, like humans, and in the motility of some single-celled organisms.

I. Finding the sequence of actin in humans

There are several ways of finding the sequence of proteins. The most convenient way is to go to NCBI, the National Center for Biotechnology Information. 

A.  Website: http://www.ncbi.nlm.nih.gov/ 
· Since we are interested in protein sequences, choose “protein” on the “Search” dropdown menu.

· Since actin is a protein found in muscles, let’s check on the information we have about muscle proteins. Type in “muscle” and click Go.  You will get about 29,000 hits from this search.

· Now type in “Homo sapiens” (which means human) in the main search bar, click the “Limits” button in the gray toolbar, go to the “All Fields” drop-down menu, change “All Fields” to “Organism,” and click Go.  This will find you all the proteins in humans. 

· To combine the two searches, go to “Preview/index” in the gray toolbar. This will give you all the recent queries you have made. To combine two queries, simply type in “#3 AND #2” (this is just an example; find the numbers that represent the two queries you made) and click Go.

· This latest search should give you all the human proteins that are found in muscles. Click the links to see more detailed explanations of each protein. You will find that there are many kinds of muscle proteins located in different organs of the human body.

Question 1: List at least 4 different kinds of muscle proteins and their locus number.

· Let’s pick one for our following work: BAA00546.  Do a search for this locus number to find more information about this protein.

Question 2: This protein consists of how many amino acids?
B.  Find the protein sequence on the bottom of the page. 

C.  For your convenience, paste the sequence into a Word document and give the sequence a name.

For example:

>human enteric actin

      1 mceeettalv cdngsglcka gfagddapra vfpsivgrpr hqgvmvgmgq kdsyvgdeaq

       61 skrgiltlky piehgiitnw ddmekiwhhs fynelrvape ehptllteap lnpkanrekm

      121 tqimfetfnv pamyvaiqav lslyasgrtt givldsgdgv thnvpiyegy alphaimrld

      181 lagrdltdyl mkiltergys fvttaereiv rdikeklcyv aldfenemat aassssleks

      241 yelpdgqvit ignerfrcpe tlfqpsfigm esagihetty nsimkcdidi rkdlyannvl

      301 sggttmypgi adrmqkeita lapstmkiki iapperkysv wiggsilasl stfqqmwisk

361 peydeagpsi vhrkcf

II. Looking for similar sequences – BLAST

Now that we have a protein sequence, we are going to use a program that looks for the closest sequences matching this protein in other organisms.

A.  Go back to the NCBI home page. Choose “Blast” from the blue toolbar.

B. Find the link “Protein-protein BLAST (blastp)” under “Protein.” 

C. Copy your sequence with its name, and very importantly, with a “>” in front of the name, paste the whole thing to the “search” box. Click the blue button “BLAST!”

D. You might need to wait a minute or two until a new page comes out, and then click the blue button “Format!”

E. This will open a new page in another window containing the first 500 closest blast hits to your sequence. 

Question 3: What is the range of the score (bits)?

Question 4: What do you think the score represents?
F. Now I’d like you to compare actin from several organisms.

●
 Homo sapiens (human) (your query)

● Lymantria dispar (gypsy moth -- an insect)

● Rattus norvegicus (Norway rat)

● Caenorhabditis elegans (nematode -- a worm)

● Gallus gallus (chicken)

G. To find the similar sequences from a specific organism, go back to the “format” page, look for a pull-down box says “all organisms”, where you can choose organism from a list. If it is not in the list, type in the name of the organism plus [Organism] to the box to the left (the box name is limit results by entrez query). Click “Format!” and wait for the new result to come out in the other window. Always choose the first hit if there are multiple hits. Click the link to the protein, paste the sequence to your Word file, and do not forget to give a name to each sequence.

H. Now you have a Word file containing five sequences, each one with a name header, for example:

>L. dispar actin

1 mcdeevaalv vdngsgmcka gfagddapra vfpsivgrpr hqgvmvgmgq kdsyvgdeaq

 61 skrgiltlky piehgivtnw ddmekiwhht fynelrvape ehpvllteap lnpkanrekm

121 tqimfetfnt pamyvaiqtv lslyasgrtt givldsgdgv shtvpiyegy alphailrld

181 lagrdltdyl mkiltersys ftttaereiv rdikeklcyv aldfeqemat aassssleks

241 yelpdgqvit ignerfrcpe alfqpsflgm eangihetty nsimkcdvdi rkdlyantvl

301 sggttmypgi adrmqkeita lapstmkiki iapperkysv wiggsilasl stfqqmwisk

361 qeydesgpsi vhrkcf

III. Compare multiple sequences -- Clustal

Now that you have collected several proteins that are all similar, we are going to use a multiple alignment program called Clustal to see just how similar they are to each other overall. 

A.  Go to the website:  http://www.ch.embnet.org/software/ClustalW.html

B.  You will see a big box for “Input sequences.”  Go to your Word document with all the sequences, and copy them all from the first > to the last amino acid. Paste this into the box. The format we have been using is called fastA, which is accepted by this program. Make sure you are not putting any blank lines or blanks between the > and the name you give to the sequence.

C.  Click “Run ClustalW.”

D.  After a few moments, you will see a list of types of results and links.  Under “Multiple alignments,” click on “clustalw (aln).”  This is a multiple alignment. The regions where all of the proteins have the same sequence will have a “(” below them.


Question 5: Are all the amino acids identical for all 5 species?  What do the dashed lines mean?
E.  Now, under “Dendograms,” click on “clustalw (dnd).”  This represents input for the Phylodendron program, which draws visual representations of similarity called “trees.”  We will be making a tree of the Eurogram type. When you look at your tree, you will see a single “ancestor” of all of the proteins represented by a single line on the left hand side. Each branch point represents a change in a protein that leads to different subtypes. Proteins that branch away from each other further to the left hand side, or common ancestor, are more divergent, and proteins that branch away from each other closer to the right-hand side are more similar to each other. So, let’s make a tree.

F. In a new browser window, go to the Phylodendron program: http://iubio.bio.indiana.edu/treeapp/treeprint-form.html.  Select “eurogram” from among the tree styles, and copy and paste the code from the clustalw (dnd) link into the main input box.  Give the tree a title in the Title input box.  (Note that the title cannot contain any apostrophes.)  The output should already be correctly set to PDF format.

G. Click the “Submit” button.

H.  You should see a tree containing all of your species names at the ends of branches, and the title you gave to the file should be in the upper left-hand side.

I.  Print out this PDF file and give it to me along with answers to the questions in this tutorial.
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