ClustalW Tutorial

Sarah Pyfrom
ClustalW is a program, which allows you to align nucleotide and protein sequences for comparison. This will allow you to find areas of similarity and dissimilarity as well as patterns within the nucleotide sequence. It can also be used to produce a phylogenetic tree. These three primary uses will be covered in this tutorial. 

To begin, open your Web Browser and go to http://www.ebi.ac.uk/Tools/clustalw2/index.html or Google ClustalW, which will bring you to this page:
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From here you will have a number of choices. ClustalW will present your results in one of two formats; either online or by e-mail. If you would like to receive the results as an e-mail, then type your e-mail into the box as shown below and choose “email” from the dropdown menu titled “Results”. If you choose not to receive your results by e-mail they will be shown in the Web Browser window. The e-mail option is most useful when you are processing large amounts of data.
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In the “Alignment Title” Box you may choose to enter a title in order to keep track of multiple multiple alignments but it is not necessary to change the default “Sequence” setting.

MULTIPLE SEQUENCE ALIGNMENT:

You may use the “Alignment “ drop-down menu in order to choose full or fast. Full is the default option to align the full sequences provided or you may use an algorithm using the “fast” option. This will give you the option of only locally aligning the sequences you have entered.

Using the “fast” option, you can perform a pairwise alignment using the second row of menus as shown below:

[image: image3.png]KTUP WINDOW 'SCORE TYPE TOPDIAG PAIRGAP
(WORD SIZE) LENGTH

(@8 (@8 (orcent 8 [(@ef 1) [(aef 19)





Pairwise alignments can only be used to compare two sequences and the process will not be covered by this tutorial. 

The third row of menus is of the greatest interest to a biology student trying to align multiple sequences:
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Matrix:

Four matrix options are available: BLOSUM, PAM, GONNET and an identity matrix (“id”). ClustalW’s defaults are GONNET for protein sequences and the identity matrix for nucleotide sequences. The identity matrix is able to calculate a score based off of amino acid sequences: assigning 10 points to every identical match and 0 points to every non-identical alignment.

Gap Open:
A gap is a maximal consecutive run of spaces in a single string of a given alignment. Gap Open is where you can set Gap Penalties. In two similar alignments, there might be insertions or deletions in nucleotide sequences, which create gaps. ClustalW is programmed to align as many similar sequences as possible. It will therefore insert gaps, shown as ------- within the alignment in order to maximize similarity. If no gap penalty is chosen, then ClustalW will assign similarity scores without taking into consideration the fact that there may be many gaps necessary in order to create similar alignment. Increasing the gap penalty will decrease the alignment score if multiple gaps are necessary. Gap Open does not take into consideration the length of the gap, penalizing long and short gaps to the same extent. ClustalW’s defaults are; DNA: 15, Protein:10.
No End Gaps:

By selecting “Yes” from this menu, ClustalW will remove gaps that appear at the end of the sequences to be aligned. ClustalW default is “Yes”.

Gap Extension:
In this menu, you can assign gap penalties based on the length of a gap. If you do not want longer gaps, increasing the Gap Extension value will add an additional penalty for every base or amino acid in a gap. In most cases, the Gap Extension value should be less that the Gap Open value. ClustalW’s defaults are; Protein: 0.2 and DNA: 6.66.

Gap Distance

Gap Distance allows penalties to be assigned for the distances between gaps. ClustalW default value is 4.
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Iteration:

ClustalW runs multiple possible alignments before coming to one final alignment. Each sequence is removed in turn and realigned in sequential order. If the newest alignment is better than the last then it is kept. These iterations are repeated until no improvements are made upon the final iteration or until the maximum number of iterations is reached. You can iterate at each step of the progressive alignment by setting the iteration parameter to “tree” or just on the final alignment by setting the iteration parameter to “alignment”.

Numiter:
Here you can set the maximum number of iterations to be performed. The ClustalW default is 3.
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Output Format:

There are multiple ways in which you can structure the output of your ClustalW results but the best way to represent multiple alignments is to keep the “aln w/ numbers” choice unless you are trying to make a phylogenetic tree, which we will talk about later. 

Output Order:

This allows you to decide beforehand how you want your alignments to be ordered. “aligned” orders the sequences based on sequences similarity and “input” shows them in the order in which they were entered.  

We can now begin the process of aligning multiple sequences!

ClustalW supports 7 sequence formats:

· NBFR/PIR

· EMBL/UniProtKB/SwissProt

· FASTA

· GDE

· ALN/ClustalW

· GCG/MSF

· RSF 

For the purposes of this tutorial we will use FASTA sequences. 

For this tutorial, we will be using three photoylase genes in the H. mukohataei genome. All the FASTA sequences can be found at (http://gcat.davidson.edu/GcatWiki/index.php/Nucleotide_Sequences) and come from the JGI annotation of H. mukohataei. All other options were set to ClustalW defaults.

Using FASTA format, multiple sequences may be entered in the text box. They must contain the qualifier sequence at the beginning of the FASTA sequence, beginning with a >. Each new entry should begin on a new line as shown below:
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Once all the sequences have been entered, hit the Run button, shown above in red. 

You will be shown a page, which looks like this:
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ClustalW may take just a few seconds for shorter sequences but could take up to several minutes, maybe even hours or days for more input. The best course of action is simply to leave ClustalW alone during this time. If it is taking too long, you may want to start your search over using the e-mail option. 

Once the program has completed the alignment, you will see a screen, which looks like this, with the alignment shown below:
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In order to save this search, right click on the file labeled “.aln” and hit “Download linked file” or “Save Target As”. 

This screen shows the number of sequences, the alignment score (higher for greater similarity and lower for less similarity and variable depending on assigned gap penalties), the format in which the sequences were entered and whether it was a nucleotide or amino acid sequence. If you click on “Start Jalview”, a new window will appear where you can manipulate and explore your alignment.  
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In Jalview, the entire alignment is shown with a slider bar so you can move along its length. There are many options within Jalview. You can colour the sequences based on one of several criteria; shown above is our alignment coloured by nucleotide. Each nucleotide is assigned its own colour and it is easier to see consensus sequences and patterns. The black bars on the bottom show consensus sequences that are shared across all alignments. Our third gene is show only as dashed lines (-----). This means that a gap was necessary in this space in order to find the best alignment for all three sequences. (You can find a more in-depth description of Jalview options here: http://www.jalview.org/version118/documentation.html)

If you close Jalview and scroll down, you will find the Scores Table, which can be organized by sequence number, alignment score, sequence name or sequence length. This is most helpful when a larger number of sequences are used. 
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Below the scores table is the actual sequence alignment itself, a sample of which is shown below:
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The numbers to the far left are the FASTA identifiers of the three sequences. Stars indicate nucleotide positions that are shared among all sequences and the numbers to the far right signify the position number of the nucleotide strand. For example, if we look at the top row, nucleotide position 279 in the first sequence is aligned with nucleotides in positions 297 and 112 in the second and third sequences, respectively.

Next we will look briefly at the options available to a protein multiple alignment:
For this section we will be using several deoxyribodipyrimidine photolyase proteins found through BLASTp. All the amino acid sequences can be found at: http://gcat.davidson.edu/GcatWiki/index.php/Amino_Acid_Sequences.

For a protein sequence, you enter the FASTA sequences in the same way as for the nucleotides shown above, and hit the “Run” button. You may get the same processing page followed by a very similar Results page as shown below:
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Notice that, this time, the sequence type is aa for amino acid. Again, if you want to save this alignment right-click and save the “.aln” file. 

If you scroll down to the alignment you will see a button that says “Show Colors”. If you click this button, the window will refresh and you will get an alignment that looks something that looks like this:
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You may notice that there are symbols beneath the aligned sequences. "*" means that the residues or nucleotides in that column are identical in all sequences in the alignment, “:" means that conserved substitutions have been observed (meaning that all the amino acids in that column share the same features according to the table below), "." means that semi-conserved substitutions are observed.
The colors of the amino acids are determined by the following table: 
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This feature makes it easier to determine, not only if the sequence is similar, but how significant the changes or similarities in the amino acid sequences are.

The Jalview option for proteins is slightly different from the nucleotide version as you can see below: 
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but the consensus bars still perform the same function along the bottom. Again, a more in-depth discussion of what is possible with Jalview can be found at http://www.jalview.org/version118/documentation.html.

PHYLOGENETIC TREES:

This aspect of ClustalW allows us to more deeply explore the suspected evolutionary relationship between several sequences. You can create a phylogenetic tree from either protein or DNA sequences. Go to the first page of ClustalW and look at the final row of dropdown menus:
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Tree Type: 
In this menu, you have 3 options: nj, phylip and dist. These are different output styles formed by different algorithms that approach the creation of a phylogenetic tree from new angles. The best choice for most trees and the ClustalW default is “nj”.

Correct Distance:
By changing this to “on” you will set distance corrections for multiple substitutions. Over time, a single locus may change multiple times but the sequence may show only one change. This option lengthens the longer branches to reflect this  otherwise hidden evolutionary process.

Ignore Gaps:

If you change this option to “on” ClustalW will ignore all the gaps in your sequence alignment when creating the phylogenetic tree. This means that only the most ‘alike’ parts will be compared to one another. This can be detrimental if there are many gaps wince ClustalW will also throw out the most ambiguous sections, which are usually located around gas. 

Clustering:

There are two options: NJ or UPGMA. Which provide one of the two following means for clustering :

· NJ: Neighbour-joining 

· UPGMA: Unweighted Pair Group Method with Arithmetic Mean 
Now we are ready to create a phylogenetic tree!

For this section, we are using a series of myosin heavy-chain amino acid sequences as taken from http://www.ebi.ac.uk/2can/tutorials/protein/sequence12.txt.

Begin by putting your input sequences into the box on the first page of ClustalW as described above, then hit the “Run” button. The processing window may appear (depending on the size of your input data) followed by the results page.
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You can save the phylogenetic tree as a file by right-clicking on the file marked “.dnd” and saving or downloading it.

On this page, click on “View Guide Tree.”

You will then have the option of viewing the tree as a phylogram or a cladogram. Phylograms create a branching tree that is assumed to be an estimate of phylogeny. The length of the branches created is proportional to the amount of evolutionary time that has passed, according to the algorithm. A cladogram has branches of equal lengths and can be used to find most recent common ancestors but gives no insight as to how much evolutionary time has passed along or between branches. (To see the cladogram and phylogram produced by our input data, go to http://gcat.davidson.edu/GcatWiki/index.php/Guide_Trees)

All information for this tutorial was taken from ClustalW and ClustalW FAQ.
