Creating Sequence Logos Using WebLogo

By Katie Richeson

1. What is a Sequence Logo

2. What is WebLogo

3. How to Use WebLogo

a. Sequence Input

b. Advanced Options

c. Understanding Output

1. What is a Sequence Logo?


A sequence logo displays a DNA, RNA or protein multiple sequence alignment in graph form.  In other words a sequence logo is used to represent commonalities and differences within multiple sequences in a visually appealing form.  Below is an example of a sequence logo for 19lexA binding site nucleotide sequence in various E. coli genomes.
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Every logo has stacks of letters to represent each position in the aligned sequence and the x-axis labels the positions accordingly.  The y-axis is displayed above as bits, meaning bits of information, but the y-axis is truly there to serve as a means of determining relativity and not an actual measurement.  

In reality the representation of the alignment is all based on relativity: 

I). The relative height of the stacks represents sequence conservation at that particular position. Meaning the higher the stack the more conserved a particular nucleotide or amino acid is at that position. 

II). The height of the letters within each stack indicates the relative frequencies for each possibility (nucleic or amino acid) - indicating that letters that are longer are more frequently observed in all of the aligned sequences. 

III). The relative width of the stack represents the proportion of valid readings at that position.  Meaning that sequence positions with multiple gaps will be relatively smaller in width. 


For instance, although position -1 and position 1 both show a greater frequency of nucleotide A as compared to other bases, position -1 has the A conserved in more sequences than at position 1.  This is just one example of the myriad of information you can gather from a graphical representation of sequence alignments.

2. What is WebLogo?

WebLogo is an online application that generates sequence logos for you.  It was created by Department of Plant and Microbial Biology, University of California, Berkeley and can be found by clicking the following link: 

http://weblogo.berkeley.edu/logo.cgi
3. How to use WebLogo?


When you go to create a sequence logo the basic screen will look like the one below:
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A). Sequence Input:

You enter the sequences that you wish to align and generate a sequence logo for.  You may enter the sequences in any of the following formats: CLUSTALW, FASTA, MSF, NBRF, PIR, NEXUS and PHYLIP.  All of the sequences entered must be the exact same length.  If there are not WebLogo will alert you of the error.  You may also upload the sequence data in the supported formats.  

Image Format:

The image format option on the bottom left refers to your desired image format for the resulting sequence logo.  The output format you chose will not influence the sequence logo itself, it simply allows you to access the sequence logo in a different format. 

The Logo Size per Line:

The logo size per line option on the bottom right refers to the size of the actual outputted sequence logo.  In other words it literally means the width and height of the sequence logo graph in centimeters.  

B). Advanced Options:

Below the initial sequence input options there exists advanced logo options including advanced image and color options.  The advanced option tool bar looks similar to the following when on default. 
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There are many different advanced options to choose from when creating a sequence logo and below I will highlight a few of the important and most frequently utilized choices.

Sequence Type: You have the option of designating the type of sequence entered (nucleotide or amino acid) or the program distinguishing the sequence type itself.

First Position Number: The number of the first position in the sequence alignment.  This must be an integer but it may be a positive or negative integer.  All other positions will be numbered relative to this numerical assignment.  

Small Sample Correlation: When only a few sequences are included in the alignment and generation of sequence logos the positions may appear more conserved than they would be if numerous sequences were included in the creation of the sequence logo.  When this box is checked it recognizes a bias that may exists due to a limited number of sequences available and does not allow alignment for a small number of sequences.  When this box is unchecked you may align any number of sequences you would like, but the sequence logo may be skewed. 

Multiline Logo: This splits the sequence logo up into different graphs based on the number of positions on the x-axis.  For instance if you check this box and put 2 in the parentheses then each sequence logo will only have two positions on the x-axis.  If you leave this box unchecked then all of the positions will exist on one single logo on the x-axis. 

Logo Range: If you wish to show a specific sub-range of the sequence logo you can chose which positions you would like to display.  If you do not choose a logo range then the whole sequence (all of the positions) will be displayed in the sequence logo graph.  

Frequency Plot:  When you check this box all of the stacks have the same height and width, which limits the interpretation of the sequence logo to the frequency of nucleotide bases or amino acids at each position.  By changing the output of the sequence logo in this way the comparisons of the most highly conserved relative to the sequence positions is lost, but the frequency of bases at one position is more clearly seen. 

Bitmap Resolution: By changing the number you change the resolution of the sequence logo that is created by WebLogo.  You can also change the measurements of the resolution output.  The default has been sufficient for all of the sequence logos I created but the option exists for the possibility of poor resolution.  

Show Error Bars: Error bars are indicated by black vertical lines with horizontal bookends (aka they look like the letter I).  If you check this box then error bars will exist on the top of each stack.  The error bars represent the error that exists in the entire stack, the error in the relative conservation of any base/amino acid at this position. The larger the error bars the greater the probability that error exists and that the conservation of this position is not statistically relevant.  Look for small error bars to verify that the most frequent base/amino acid at this position is highly conserved across the sequences inputted. You can find more information about error bars in sequence logos at: http://wwwlmmb.ncifcrf.gov/~toms/paper/hawaii/latex/node8.html 

Boxed/Boxed Shrink Factors: If you check this box it creates boxes around the base or amino acid letters so that you can more easily distinguish which base/amino acid is longer and thus more frequent.  Once you click the box, you also have the ability to enter a number to shrink the size of the base/amino acid letter.  The number must be less than one (it must shrink the box size) or you will receive an error message.  By creating boxes around each letter and shrinking them, the relative frequencies are more obvious along with the relative heights between different sequence positions.

Antialias Bitmaps:  When this box is checked it makes the edges in the sequence logo sharper.  When it is unchecked the edges are blurred.  This choice does not change the outcome of the sequence logo but it does change the clarity of the sequence logo.  

Label Sequence Ends:  This labels the 5’ and 3’ ends of the nucleic acid sequence or the N and C termini of the amino acid sequence.
Outline Symbols:  By checking this box you outline the letters in each stack instead of coloring them in. 

Y-Axis Tic Spacing: This choice allows you to change the spacing (distance between tick marks) on the y-axis in terms of bits.

Colors: This application allows you to specify what nucleic bases and amino acids are represented by what colors according to what schemes in the sequence logo. 


i). Default: amino acids are colored according to their chemical properties: polar 

amino acids (G,S,T,Y,C,Q,N) are green, basic (K,R,H) are blue, acidic are (D,E) 

red and hydrophobic (A,V,L,I,P,W,F,M) amino acids are black.  Nucleic acids are colored according to complementary base pairings: G is orange; T & U are red; C is blue; and A is green.


ii). Black and White: there are no colors in the sequence logo


iii). Custom: You have the opportunity to choose which letters/residues (bases or 

amino acids) will be what color in the sequence logo.

· Symbols: When entering which amino acids or nucleic acids you wish to be grouped together type all of the letters in uppercase without spaces between them.  Use accepted amino acid representations (http://www.bio.davidson.edu/Biology/aatable.html). 
· Colors: You have the choice of picking a specific color from the drop-down menu under the color option for each symbol combination.  If you need to use a different color or wish to use a different color you may select RGB from the drop down menu.
· RGB: If you select RGB from the drop-down menu then you must enter a color code in the RGB column.  RGB color codes can be found at the following link: http://www.tayloredmktg.com/rgb/. 
C). Understanding Output


In analyzing output there are three major issues you need to evaluate.  These three relative comparisons were highlighted above but will be stated again for clarity and emphasis.  

1).  The relative lengths/sizes of the letters in each stack indicate the frequency of the letter.  Therefore the longer the letter the more often it appeared at that position in the sequences entered in for alignment. 

2).  The relative height of the stacks at each position indicates the sequence conservation at that position. For instance a position that is extremely variable and not consistent, whether it wobbles between two different letters or many, will be a shorter stack.  On the other hand a position that is highly conserved between the sequences will be taller in comparison.

3). The relative widths of the stacks indicate the proportion of valid readings of nucleic bases or amino acids at that position.  The more gaps in the sequence at a specific position means a thinner stack.  

In conclusion, sequence logos are an efficient way to analyze sequence alignments.  WebLogo provides an easy to use interface to generate sequence logos as long as you understand the different choices you have in creating sequence logos.  

