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Purpose of this tutorial

 Provide step-by-step instructions to
automatically identify DNA sequences in a genome
sequence using a BioPerl script

Rationale

With the continual release of plant genome sequences,
the accumulation of genomics information has been
exponentially increasing
 Automated analysis and mining of genome databases
is becoming essential and routine due to the volume of
data

Biological rationale for targeting promoters
Promoters are DNA sequences located in front of gene
coding sequences
Due to their influence on gene expression, promoters are of
interest as tools to regulate Genetically Modified Organism
(GMO) products and as markers for natural variation
Promoters with different functionality in terms of
inducibility, tissue specificity, strength etc. are needed
In this tutorial, we will focus on the identification of
ubiquitin promoters of tomato which drive strong gene
expression in important crops such as maize (Christensen
and Quail 1996), rice (Sivamani and Qu 2006), potato
(Garbarino et al. 1995), tomato (Rollfinke et al. 1998) and
soybean (Hernandez-Garcia et al. 2009)

Specific objective:
To identify ubiquitin genes and their promoter sequences in
a draft genome of tomato using a BioPerl script in a
Windows operating system

Methodology

Software installation

Download a genome
sequence

Organize the files
Format the genome
sequence
BLAST search
Write the BioPerl script

Run the BioPerl script
Analyze the results

Prepare the query
sequence

1. Software installation

 Cygwin, UNIX emulator for Windows OS
http://www.cygwin.com/
 BioPerl http://www.bioperl.org/wiki/Main_Page
 StandAlone BLAST
http://www.ncbi.nlm.nih.gov/staff/tao/URLAPI/pc_setup.
html
7-ZIP compressor software http://www.7-zip.org/
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2. Download a draft genome sequence of tomato

http://solgenomics.net/

2. Download a draft genome sequence of tomato
http://solgenomics.net/
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3. Preparing the query sequence
The query sequence used in this tutorial corresponds to an ubiquitin domain present in ubiquitin
proteins. Note that ubiquitin proteins are highly conserved in plants and contain single or multiple
ubiquitin domains. This is what allows us to look for gene sequences in tomato using information from
other plant species. The figure below depicts an alignment of ubiquitin proteins from tomato (Slubi,
GenBank: CAA51679.1), maize (Zmubi, GenBank: AAC49014.1), rice (Osubi,GenBank: BAA02241.1),
Arabidopsis (Atubi, GenBank: ABH08755.1) and soybean (Gmubi, GenBank: BAA05085.1).

Sequences were aligned using
the PRALINE multiple
sequence alignment tool
(http://www.ibi.vu.nl/progra
ms/pralinewww/). A
complete ubiquitin domain
(75 amino acid) is underlined.

3. Preparing the query sequence
For simplicity, the nucleotide sequence from soybean
corresponding to the 76-amino acid domain from
ubiquitin was used as the query sequence.

The nucleotide sequence, in the fasta format, was
placed in a “.txt” file using a text editor.
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4. Organizing the files

Decompress the genome sequence file with any
compressor software (e.g. 7-ZIP compressor)
Place your decompressed genome sequence file
(SL2.10sc) and the query sequence file
(Gmubidomain) in a new created folder (e.g
C:\cygwin\home\Carlos\Solanum_Lycopersicum)

5. Format the genome sequence before using BLAST
Open UNIX (In our case, we are using Cygwin emulator for PC)
Go to Carlos@Carlos-PC ~/Solanum_Lycopersicum
Type formatdb.exe –i SL2.10sc.fasta –p F
–i indicates the input file to format into a searchable database
–p asks if the input data is protein sequence
F indicates “false”, which specifies a nucleotide database

5. Format the genome sequence before using BLAST

Output files

A correct format will create three files (NHR, NIN and NSQ files). In
addition, you will see a report for completion in a TXT format.

6. BLAST the query sequence against the genome sequence

Open Cygwin
Go to Carlos@Carlos-PC ~/Solanum_Lycopersicum
Type blastall.exe –p blastn –d SL2.10sc.fasta –i gmubidomain –o SL_Gmubi.out
-p is the name of the program to use (blastn)
-d specifies the file for the genome sequence (SL2.10sc.fasta)
-i indicates the query sequence file (gmubidomain)
-o indicates the name of the output file that will be created (Gmubi.out)

7. Checking the output file

In this file, we expect to see a
list of sequences with
significant alignments and
their e-values, and the actual
alignments between the
query sequence and the
subject genome

8. BioPerl script

The BioPerl script used in this
tutorial (provided as a .txt file, do
not forget to change the file
extension to .pl):
-Parses the output blast file
against the genome sequence file
to identify the sequences with the
highest similarities with the query
sequence
-Extracts the promoter sequences
for those genes
-Allows the adjustment of e-values
and the length and the number of
extracted promoters

Main components of the BioPerl script used
The command --help displays a brief description of the main
parameters that can be adjusted:
-e to modify the e-value (the default is 0.01)
-p to specify the promoter length
-n to specify the number of promoters (the default is one promoter
at a time)
The desired values are entered after the specification of each
parameter

Main components of the BioPerl script used
Commands to enter to execute the script
The database
The blast file

The parameters: -e –p -n

The script’s name

Main components of the BioPerl script used
Parameters specified by default

E-value

Number of promoters extracted

Users must specify
the promoter length

Main components of the BioPerl script used
This script is able to extract promoters in the + and –
strands. This is done by getting the reverse complement
of - strands

9. Run the BioPerl script
Now we need to extract the upstream sequences (from our genome sequence) for genes with high
similarities identified during the previous Blast procedure.
-Go to Command Prompt
-Locate the main folder containing all the files (Solanum_Lycopersicum folder)
C:\cygwin\home\Carlos\Solanum_Lycopersicum>
-Type: find_blast_matches.pl SL_Gmubi.out SL2.10sc.fasta –p 2000 –n 100 >
c:\users\Carlos|Desktop\ubipromoters
-p is promoter length (2000 bp)
-n 100 pulls out up to 100 promoters if present (the default is 1 promoter)
The default e-value is 0.01
“>” indicates the creation of an output file (txt) at any specified location

10. Analyzing the output file
The output file contains the
promoter sequences identified
in our target genome
31 ubiquitin promoters were
found in the draft genome
sequence of tomato
Each promoter is extracted
from an ubiquitin gene with at
least one ubiquitin domain,
therefore, 31 ubiquitin genes
were identified in this draft
genome of tomato

Comparison of ubiquitin genes from other plants

An additional analysis of a draft genome of S. pimpinellifolium using
the same methodology revealed 32 ubiquitin genes. A previous
study in soybean showed 25 ubiquitin genes (Hernandez-Garcia et
al. 2010b). These results confirm that our methodology is robust
and likely extracted most of the ubiquitin genes present in the
genome of tomato.

Homology between ubiquitin promoters from S.
lycopersicum and S. pimpinellifolium

 Similarities/differences between these two
promoter groups would give insights into
differential gene expression regulation
 The identified ubiquitin promoters from S.
lycopersicum were Blasted against the ubiquitin
promoters of S. pimpinellifolium

Sequence similarities of
promoters from both
species ranged from 100%
to minor bp substitutions,
including short INDELs

Conclusions and biological interpretations
Our methodology is robust to identify promoter
sequences of interest in genome sequences
ubiquitin genes and their promoters are very conserved
among plant species
Identified promoters can be used for further analysis of
natural variation, or be cloned and their expression
characterized for potential application in the development
of GMOs. A complete tutorial on rapid characterization of
plant promoters is freely accessible at
http://www.jove.com/index/details.stp?id=1733
(Hernandez-Garcia et al. 2010a)
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