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Getting Help and Bug Report 
Contact Wilson at wleung@wustl.edu if you have any questions or encounter any problems with the 
prototype release of the BLAST Output Viewer Generator.   

Availability 
The BLAST Output Viewer Generator is available in the “Annotation Resources” section under the 
“Projects” menu at the GEP web site (http://gep.wustl.edu). 
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Introduction 
One of the key annotation tools for students participating in the Genomics Education Partnership is 
the Basic Local Search Alignment Tool (BLAST).  However, the output from the web-based NCBI 
BLAST interface can be confusing when the BLAST output contains large number of matches. For 
example, when we use BLAST to align protein and mRNA sequences against the fosmid genomic 
sequences, it is often difficult to ascertain if the entire protein matched against the fosmid sequence 
and if certain parts of the protein are missing from the alignment. 
 
While the graphical diagram generated by the web-based NCBI BLAST interface provide us with a 
general overview of the locations of the BLAST hits relative to our query sequence, we often need 
to investigate individual BLAST hits and examine their alignments in detail during the annotation 
process.  It is possible to interpret the BLAST output manually, but doing so is extremely time-
consuming and error-prone.  To improve the efficiency of manual annotation, we need a program 
that can help us organize and display multiple BLAST matches to a query sequence.  
  
There are many sophisticated annotation workbenches and display systems available, such as  
Apollo, Artemis, and Ganesh.  However, these tools typically need to be installed on the local 
computers and some training is typically required before you can use these tools effectively.  To 
address this limitation, the GEP has developed the BLAST Output Viewer Generator — a tool that 
converts BLAST and RepeatMasker output into a web-based graphical interactive viewer.   
 
In this tutorial, we will perform a BLASTX search of a Drosophila erecta contig against the D. 
melanogaster protein sequences in the NCBI Refseq protein database.  We will then convert the 
BLAST output and the RepeatMasker output into a graphical viewer using the BLAST Output 
Viewer Generator. 

Performing a BLASTX search against the Refseq Protein Database 
In this tutorial, we will use BLASTX to analyze the contig1 sequence from the D. erecta Aug. 2006 
assembly, searching for regions with sequence similarity to annotated proteins in D. melanogaster.  The 
tutorial assumes that you have already claimed the project from the GEP Project Management 
System (for instructions on claiming annotation projects, please refer to the “Claiming Projects” 
documents under the “Help” section of the GEP web site at http://gep.wustl.edu). 
 
Navigate to the NCBI BLAST web server at http://blast.ncbi.nlm.nih.gov and click on the “blastx” 
link (Figure 1).  We will use the repeat-masked version of our sequence to search against the Refseq 
Protein database – limiting our search to D. melanogaster proteins.   
 

 
Figure 1.   Click on “blastx” link on the NCBI BLAST web server. 
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To ensure that the BLAST result page contains all of the significant matches, we will set the “Max 
target sequences” parameter to 1000.  To filter out spurious matches, we will also set the “Expect 
threshold” to 1e-20 and turn on the option to “Mask for lookup table only” under the “Algorithm 
parameters” section (Figure 2). 
 

 

 
Figure 2.   Configure the parameters for our blastx search of contig1 against a database of D. melanogaster 
proteins in the Reference proteins (refseq_protein) database. 

The BLASTX output shows that contig1 contains at least 5 distinct regions with sequence similarity 
to D. melanogaster proteins: Cadps, Dyrk3, Mitf, PIP4K, and CG33521 (Figure 3).  However, we need 
to examine the alignments in detail to determine if this D. erecta contig contains the putative 
orthologs of these genes and whether these genes are completely contained within the contig. 
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Figure 3.   BLASTX detected five regions in contig1 with sequence similarity to D. melanogaster proteins. 

Convert the BLAST output to Plain Text Format 
Because the format of the BLAST results page are constantly being modified by NCBI, it is difficult 
to reliably parse the BLAST output web pages.  Therefore, before we can generate the graphical 
viewer, we need to convert the BLAST output into plain text format (which is much more stable 
compared to the web page output). Click on the “Download” link at the top menu bar to expand 
this section.  Right click (ctrl-click on the Mac) on the link labeled “Text”, and select “Save Link 
As…” or “Download Linked File As…” to save the file onto your computer (Figure 4).  For the 
purpose of this tutorial, we will name this BLAST output file “contig1_refseqprotein_blx.txt”.  
 

 
Figure 4.   Save the BLAST output in text format using the “Download” → “Text” option on the BLAST results 
web page. 

Generating the BLAST Output Graphical Viewer 
Open a new tab on your web browser and navigate to the BLAST Output Viewer Generator page 
(available through the GEP Home Page under “Projects” → “BLAST Viewer Generator”).  The 
BLAST Output Viewer Generator requires a BLAST output file and an optional RepeatMasker .out 
file.  Click on the “Browse” button under the “BLAST Output File” field and select the BLAST 
output file (i.e. contig1_refseqprotein_blx.txt) we have saved previously. 
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As part of the annotation package, the RepeatMasker .out file (which lists the locations of all the 
repetitive elements identified by RepeatMasker) can be found inside the Repeats subdirectory in the 
analysis folder.  Click on the “Browse” button under the field labeled “RepeatMasker .out file” and 
select the contig1.fasta.out file inside this folder (Figure 5). 
 

 
Figure 5.   The RepeatMasker .out file is available in the annotation package under the Repeats subdirectory.   

Once you have selected both files, click on the “Create Viewer” button (Figure 6).  Depending on 
the size of the BLAST output file, the process of creating the BLAST Output Viewer may take a 
while, so please be patient.  When the conversion is complete, you should see a green section with 
the link labeled “Launch BLAST Output Browser” (Figure 7).  Click on the link to launch the 
BLAST Output Viewer. 
 

 
Figure 6.   Select the plain text BLAST output file and the optional RepeatMasker .out file.  Then click on the “Create 
Viewer” to create the dynamic BLAST Output Viewer. 

 
Figure 7.   Once the conversion is complete, you can click on the link “Launch BLAST Output Browser” to launch the 
graphical viewer. 
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Basic Navigation for the BLAST Output Viewer 
The BLAST Output Viewer is a simple web page so you can bookmark the page and navigate back 
to the viewer in the future like any regular web page.  The BLAST Output Viewer has two main 
sections: the main toolbar and the rendering surface (Figure 8).  The rendering surface works like 
Google Maps and you can pan (press the left mouse button and drag) and zoom (using the mouse 
wheel) with the mouse.  There additional navigation controls at the bottom right of the rendering 
surface allow you to zoom in, zoom out, reset the view, and toggle to full page mode (Figure 9).   
 

 
Figure 8.   The toolbar section allows you to toggle between the “Browse” and “Details” mode, and to search for a specific 
BLAST hit.  The rendering surface works like Google Maps and it allows you to pan and zoom to specific regions.  You 
can also use the navigation controls at the bottom right to navigate to different regions of the BLAST output image. 

 
Figure 9.   Zoom into a region using the mouse wheel on the rendering surface. 
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There are two navigation modes available in the BLAST Output Viewer: the “Browse” mode allows 
you to pan and zoom to different regions of the BLAST output image and the “Details” mode 
allows you to examine individual alignments.  You can toggle between the two modes by clicking on 
the button labeled “Browse Mode” or “Details Mode” on the main toolbar. 
 
You can also search for specific BLAST hits using the search box. When you enter the name of the 
BLAST hit into the search box, an autocomplete drop down menu will appear with a list of BLAST 
hits that match the text that you have entered (Figure 10).  Once you select a BLAST hit, the 
rendering surface will navigate to the region that corresponds to the BLAST hit. A window will also 
appear with additional details on the BLAST hit (Figure 11). 
 

 
Figure 10.   Autocomplete search box allow you to quickly navigate to specific features in the rendering surface. 

 

 
Figure 11.   The selected BLAST hit is highlighted in yellow and a new BLAST hit details appear with a summary table and 
their corresponding alignments. 
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In addition to navigating to specific features using the search box, you can also examine all the 
BLAST hits in a given region by switching to the “Details Mode”.  Once you navigate to the region 
of interests, click on the “Browse Mode” button to switch to the “Details Mode”. When you hover 
over a feature in “Details Mode”, the feature is highlighted in purple and a tooltip will appear with 
additional information about the feature (Figure 12).   
 

 
Figure 12.   Hover over the feature to see a tooltip with a brief description of the feature.  For BLAST hits, the tooltip 
contains the name, description and E-value. 

When you click on a feature in “Details Mode”, a new window will appear with detailed alignment 
information for the BLAST hit (Figure 13). 
 

 
Figure 13.   Click on a feature in the rendering section and a window will appear with a table summary for all the HSPs that 
are associated with the BLAST hit and their corresponding alignments. 
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Interpreting BLAST results using the BLAST Output Viewer 
Now that we have gone through the basic navigation controls, we are ready to use the BLAST 
Output Viewer to help us interpret our BLAST output.  The BLAST output image consists of three 
sections: the ruler at the top correspond to our query sequence (in this case contig1), the 
RepeatMasker section is optional and correspond to all the repeats identified by RepeatMasker in the 
.out file.  The track labeled “BLAST Hits (full mode)” corresponds to all the BLASTX matches 
between the D. erecta contig1 and the annotated D. melanogaster proteins in the NCBI Refseq protein 
database (Figure 14). The direction of the arrow represents the orientation of the match relative to 
the query sequence. 
 

 
Figure 14.   The BLAST Output Viewer image consists of the ruler for our query sequence, the RepeatMasker track and the 
BLAST Hits track. 

For the repeat track, the color of each hit corresponds to its repeat class: 
 
Repeat Class  Color 
DNA Transposons  Red 
LINE  Orange 
SINE  Yellow 
LTR  Blue 
Simple Repeat  Green 
Low Complexity  Light green 
Other  Grey 
  
For the BLAST track, the color of each hit corresponds to its E-value. “Warmer” colors (e.g., red 
and orange) are better than “cooler” colors (e.g., yellow, green, and black).  Multiple matches to the 
same sequence in the database are grouped together in a gray box.  The name of each hit is displayed 
at the left top corner of the gray box.  Multiple matches to the same part of the query (i.e. your 
contig) are vertically “stacked” – you may have to scroll down or zoom out to see them all. 
 

Using the BLAST Output Viewer to investigate the feature between 6 to 12 kb 
As an example, we will investigate the feature between 6 to 12 kb of our contig1.  Click on the 
“Details Mode” button to switch back to “Browse Mode” and navigate to the region between 6–12 
kb of our contig.  Click on the “Browse Mode” button to switch back to the “Details mode” so 
that we can examine the region in detail (Figure 15). 
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Figure 15.   Using the “Browse Mode” to investigate the 6-12 kb region of contig1, which contains multiple BLAST hits and 
a cluster of repetitive elements. 

Click on the first BLAST hit (NP_001033810.1) to open the Details window for this BLAST hit.  
From the BLAST Hit Summary section, we see that this BLAST hit correspond to the gene “Dual-
specificity tyrosine phosphorylation-regulated kinase 3” in D. melanogaster (also known as Dyrk3) and 
that the “Subject Length” field shows that this protein consists of 828 amino acids. 
 
The HSP Summary section shows that there are three alignment blocks (HSPs) that are associated 
with this BLAST hit. To see if the entire protein is matched, click on the column header “Subject 
Start” to sort the table using this column.  Since we already know that the Dyrk3 protein has 828 
amino acids, we see from the HSP Summary table that the three alignment blocks cover the entire 
protein (1-131, 130-435, 418-828). In addition, based on the query coordinates, all the alignment 
blocks are consistent with a gene in the positive orientation relative to the query (Figure 16). 
 

   
Figure 16.   Click on the table column headers to sort the HSPs.  The HSP summary shows that the three alignment blocks 
for Dyrk3 that covers the entire length of the protein. 
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What about the overlapping regions of the three alignment blocks?  The first and second alignment 
blocks overlap with each other by three amino acids (residues 130–132).  This minor overlap can 
likely be attributed to BLAST overextending the alignment near the splice boundary.  The more 
serious issue is with the overlap between the second and third alignment block (amino acids 418–
435).  Click on the second row to examine the alignment that matched residues 130–435 of the 
protein in the bottom pane.  Examination of the end of this alignment shows that the sequence 
similarity actually ended earlier (near amino acid 418 of the protein) (Figure 17).  Therefore, BLAST 
probably overextended the end of the second alignment block as well.   
 

 
Figure 17.   blastx overextended the alignment for the second alignment block which results in the overlap with the start of 
the third alignment block. 

Base on the evidence we have collected thus far, we are relatively confident that the locus at 6–12 kb 
of our contig contains the ortholog of the D. melanogaster gene Dyrk3.  We can then use the exon-by-
exon strategy to map each exon from Dyrk3 onto our contig1 sequence and construct the gene 
model for the putative Dyrk3 ortholog in our D. erecta contig. 

Conclusion 
In this tutorial, we used the BLAST Output Viewer Generator to create a graphical viewer for a 
complicated BLASTX output.  Using the BLAST Output Viewer, we can quickly search for and 
navigate to specific BLAST hits.  We can also use the BLAST Hit Details window to quickly identify 
the relationships among the alignment blocks and to examine each alignment in detail. 


