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This course is an introduction to mining the human genome.  
 
First, we will predict the exons in the protein-coding genes using two gene prediction 
tools: 
 
1. GenScan  (http://genes.mit.edu/GENSCAN.html) 
2. GeneMark (http//dixie.biology.gatech.edu/GeneMark/eukhmm.cgi) 
 
in conjunction with 
 
1. BLASTX   (http://www.ncbi.nlm.nih.gov/BLAST/) 
2. BLASTN against EST database. (http://www.ncbi.nlm.nih.gov/BLAST/) 
3. Comparison with the mouse and rat genomic sequences 
(http://www.ncbi.nlm.nih.gov/BLAST/) 
 
In addition, we will also predict the presence of 
 
1. Promoters using PROSCAN (http://bimas.dcrt.nih.gov/molbio/proscan/) 
 
2. Repeat elements using RepeatMasker  
(http://ftp.genome.washington.edu/cgi-bin/RepeatMasker) 
 
We will then assemble the amino acid sequence of the gene product, on the basis of the 
exons chosen, using the translation tool provided on the class web page. 
 
The web page contains links to all the necessary tools for the analysis.  It also includes 
an ability to translate the DNA sequence into amino acid sequence by selecting the 
appropriate exon sequences. During the first hour, an instructor will walk you through an 
analysis of some genomic sequences. During the second hour of the class, you will 
perform the same analysis using different genomic sequences that will be provided to 
you. 
 
 
 
Greengene is a Java application which accesses several web-based sequence-analysis 
tools relevant to the identification of eukaryotic genes, then captures and integrates their 
output in a single view for ease of comprehension.  Using Greengene, exons can be 
picked interactively and assembled into a coding sequence, then translated into a 
protein product.  The exon choices made by the user reflect the information provided by 
several of the tools used rather than that of a single tool and are, therefore, more 
reliable.  The tools accessed are GenScan and Genemark (exon prediction), 
Repeatmasker (repeat identification), Proscan (promoter prediction), and blastx and 
blastn (to support exon prediction). 
 
At least 50% of the human genome sequence is made up of repeat elements.  Most of 
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the eukaryotic protein coding genes contain exons and non-coding introns.  The exons 
make up only about 1% of the human genome.  
 
To correctly identify the exons in a eukaryotic gene you will need to compare the output 
of at least two different gene-prediction programs and couple this with the outputs given 
by a blastx search against protein sequences and a blastn search against ESTs.  
Greengene performs the data integration for you. The most reliable exons should be 
predicted by both programs and should align with blastx and/or blastn hits.  In some 
cases, an exon prediction program may generate a potentially spurious exon without 
blastx or blastn support.  In this case, you may want to exclude this exon in your gene 
model assembly.  Greengene will allow you to do this easily so that you can create a 
custom coding sequence and the corresponding protein sequence without having to 
accept the automatically generated output of any single program. 
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Sequence-analysis tools are selected from a list-box labeled “Tools”.  Once selected, a 
tool can either be “Run” or its output can be “Imported” into Greengene.  When a tool is 
run, a second browser window is opened to the input page of the tool.  The sequence to 
be analyzed must then be pasted into the tool’s input box and the tool must be run.  
When the tool has returned its output, the entire output should be selected (Select All), 
and pasted in the “Input Area”.  To import the data, the “Import Results” button is then 
pressed. 
 
 

 
 
 
 
To import one of the example sequences, select the “Sequence” tool, click on “Run”, 
highlight and copy the sequence desired, paste it in the “Input Area” and click on “Import 
Results.” You may paste DNA sequence of your choice not provided in the Sequence 
file.   
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Once the import operation is complete, colored blocks will appear on the line 
corresponding to the proper tool in the display pane under the green line representing 
the DNA sequence.  These blocks give the locations of features returned by the analysis 
tool.  The width of the Display panel can be adjusted using the list box.   
 
To get information about a feature, click on the colored block. A click prints information 
in the “Message Console” area and puts the sequence of the feature in question into the 
“Sequence of Selected Feature” area. To put the entire DNA sequence into the 
“Sequence of Selected Feature” area, as required for pasting into an analysis tool, just 
click the green sequence line.   
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To assemble a coding sequence, click on the first exon you want to include from the 
GenScan or the GeneMark output and press the “Add Exon” button.  Continue doing this 
until you have added the sequences of all the exons you wish to include in your gene 
model.  The cDNA sequence of the assembled gene model is shown in the “Sequence 
of cDNA Assembly” box and its amino acid translation in the first reading frame in the 
“Sequence of Translated Protein”.  Look out for asterisks as they indicate stops and 
should be present only at the end of your protein translation.  Internal stops indicate a 
problem in your exon assembly and are indicated by red color in “The cDNA stoplight” 
whereas a terminal stop codon is indicated by grey color.  You can get to the list of all 
exons used in the assembly from the “Exon List” pull down menu.  You may delete an 
exon by selecting it from the list and clicking on “Delete Exon.  There is also a button to 
“Clear All Exons” and start over the assembly.  
 
 
Below are Greengene outputs for 2 example DNA sequences that will be used in the 
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class.  To analyze one of these yourself, select “Initial Sequence” and hit ‘Run”. This will 
open a browser window containing the initial sequences to use as well as complete 
outputs from the various tools to use in case of web problems.  Run the entire analysis 
on DNA1 yourself. 
 
 

 
 
 
 

 
 

 
DNA1: Note the 7th feature in the Genscan track; is this likely 
to be a real exon?   
 
 

 

 
 

 
 
DNA2: All exon predictions supported by blastx and blastn hits. 
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Create a custom coding sequence and the corresponding protein sequence:  
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


