Auto-primer Users Guide

Version 1.0
Yoji Nakamura

December 6, 2012

Overview
Auto-primer is a pipeline that predicts microsatellite repeats in nucleotide sequences and design the detection primers. It automatically runs two programs, Tandem repeats finder and Primer3, parses the outputs, and finally generates a primer list. In particular, this pipeline is a powerful tool for handling high-throughput genomic sequences produced by next-generation sequencing platforms. Auto-primer is written in Perl and available at a web page. Auto-primer originally runs on a Linux computer (e.g. CentOS). It needs two programs installed (Tandem repeats finder and Primer3). It is portable to Windows PC (MS-DOS), if it has a Perl environment installed (e.g. ActivePerl). 
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i) Installation
Auto-primer requires two binary files of free software, Tandem repeats finder (Benson 1999) and Primer3 (Rozen & Skaletsky 2000). Users have to prepare these files by themselves, which are available from the following web sites:

· Tandem repeats finder: http://tandem.bu.edu/trf/trf.html

· Primer3: http://sourceforge.net/projects/primer3/files/

The files are, for example, trf404.linux64.exe and primer3_core for Linux, or trf404.dos.exe and primer3.exe for MS-DOS, respectively.
Then, you can install Auto-primer, which is available from a web site below:

http://nrifs.fra.affrc.go.jp/ResearchCenter/5_AG/bioinfo/autoprimer/index.html

You can choose the file up to your PC’s operating system, Linux or Windows (MS-DOS).
Decompress the downloaded file, and then four Perl scripts (auto_primer1.0.pl, extract_flanking.pl, extract_primers.pl, and split_fasta.pl) will be expanded in a directory. You will find one more file, getseq.pl, but it is unnecessary here (See Appendix A-4) How to use phrap output for Auto-primer). In the same directory, put both executable files of Tandem repeats finder and Primer3 mentioned above (e.g., trf404.linux64.exe, primer3_core). 
For configuration, change the PATH setting in auto_primer1.0.pl by a text editor. The part to be changed is as follows (in the case of MS-DOS):

my $bin_dir = 'C:\Users\user\Desktop\auto_primer1.0' ;

my $trf_exe = '"'.$bin_dir.'\trf404.dos.exe'.'"' ;

my $pr3_exe = '"'.$bin_dir.'\primer3.exe'.'"' ;

my $extract_flanking = '"'.$bin_dir.'\extract_flanking.pl'.'"' ;

my $extract_primers = '"'.$bin_dir.'\extract_primers.pl'.'"' ;

my $split_fasta = '"'.$bin_dir.'\split_fasta.pl'.'"' ;
…
In particular, $bin_dir must be the directory of executable files as long as you don’t move those. If you put all the files in a single directory as mentioned above, you only need to change $bin_dir. If you have moved some files from the directory, you have to change the corresponding variables.
ii) Synopsis
Prepare multi-fasta files of nucleotide sequences (.fna) and quality of these sequences (.qual [optional]). These files are usually created from Roche 454 reads with an assembler such as Newbler (contigs) and SFF tools (singletons) (Roche Diagnostics). 

Type the following in a terminal command line. 

$ perl auto_primer1.0.pl IN_DIR_or_FILE OUT_STEM [Other options]
IN_DIR_or_FILE and OUT_STEM are obligatory, and other arguments are optional (See iii) Command options).

IN_DIR_or_FILE: A directory containing FASTA-formatted nucleotide sequence and quality files, or a FASTA sequence files.
OUT_STEM: A name label for output files. Output file names will be OUT_STEM_2bp.xls, OUT_STEM.log, OUT_STEM.fna, and so on (See below).
With default, the script will produce the following outputs:
1. Primer lists for each unit of repeats (e.g. OUT_STEM_2bp.xls)
2. A log file. (OUT_STEM.log)
3. A table of microsatellite patterns. (OUT_STEM_pat.xls)
4. FASTA-formatted DNA sequences of microsatellites and their flanking regions (OUT_STEM.fna)
5. A table of microsatellites detected by Tandem repeats finder (OUT_STEM_all.xls)
Example:

$ perl auto_primer1.0.pl input.dir abc –min 3 –max 5 -min_product 200 -max_product 400

The command searches for 3 to 5-bp repeats from query FASTA files (.fna and .qual) in input.dir, and designs the detection primers whose PCR-amplified sizes are from 200 to 400 bp. All the options are described in the next section, iii) Command options.
Then, this command will output the following 7 files:

abc_3bp.xls, abc_4bp.xls and abc_5bp.xls

abc.log

abc_pat.xls

abc.fna

abc_all.xls

Here, the first three files are primer list files in tab-deliminated text format. For example, if no 3-bp repeats are found in sequences in input.dir, abc_3bp.xls will not be created. All of the .xls files are tab-deliminated and readable with Excel, and others can be opened by a text editer. 
iii) Command options
-notable

Do not output a table of microsatellites detected by Tandem repeats finder (OUT_STEM_all.xls)

-extra_fasta

Output the microsatellite sequences detected by Tandem repeats finder but not designed by Primer3. The file name will be OUT_STEM_extra.fna.
-nofasta

Do not output FASTA-formatted DNA sequences of microsatellites and their flanking regions (OUT_STEM.fna). Two options, -nofasta and -extra_fasta must not be used at the same time.
-only_repeat or -noprimer

Run Tandem repeats finder but not Primer3. Therefore, primer lists for each unit of repeats (e.g. OUT_STEM_2bp.xls) are not output, but FASTA-formatted DNA sequences of microsatellites and their flanking regions (OUT_STEM.fna) will be done. Outputting of FASTA-formatted DNA sequences can be suppressed by -nofasta.

-tmp DIRECTOY_NAME
Save the intermediate files under a directory, DIRECTOY_NAME. The files are results of Tandem repeats finder and inputs of Primer3, which are deleted with default.

-min INTEGER
-max INTEGER
Set the minimum/maximum base pairs of repeat unit. Defaults are 2 for -min and 5 for -max, respectively. Do not make the value of -min larger than that of -max.
-min_product INTEGER
-max_product INTEGER
Set the minimum/maximum base pairs amplified by PCR. Defaults are 100 for -min_product and 400 for -max_product, respectively. Do not make the value of -min_product larger than that of -max_product.

-noqual

Do not use basecall quality files. This option is for .qual files produced by assembly of 454 pyrosequencing data. 
-help

Show all the options. Computation is not done.
iv) Copyright and citation

Copyright notice:
Copyright (c) 2012
National Research Institute of Fisheries Science, Fisheries Research Agency (NRIFS-FRA)
All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

· Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.
· Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.
· Neither the name of NRIFS-FRA nor the names of its contributors may be used to endorse or promote products derived from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT HOLDER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Citation:

Y. Nakamura, Y. Shigenobu, T. Sugaya, T. Kurokawa, and K. Saitoh (2012)
Automated screening and primer design of fish microsatellite DNA loci on pyrosequencing data.

Ichthyological Research. (in press) doi:10.1007/s10228-012-0317-8
Appendix
A-1) Options of Tandem repeats finder
If you want to change the options of Tandem repeats finder, modify the following line (near line 114) in auto_primer1.0.pl:
$trf_option = "2 7 7 80 10 50 $max_unit -f -d -m" ;

A-2) Options of Primer3

Parameters of Primer3 are defined in the last part of extract_flanking.pl as belows: 
SEQUENCE_ID=$id

SEQUENCE_TEMPLATE=$seq

SEQUENCE_TARGET=$target

PRIMER_TASK=pick_detection_primers

PRIMER_PICK_LEFT_PRIMER=1

PRIMER_PICK_INTERNAL_OLIGO=0

PRIMER_PICK_RIGHT_PRIMER=1

PRIMER_OPT_SIZE=$opt_pr_len

PRIMER_MIN_SIZE=$min_pr_len

PRIMER_MAX_SIZE=$max_pr_len

PRIMER_MAX_NS_ACCEPTED=1

PRIMER_PRODUCT_SIZE_RANGE=$product_size_range

P3_FILE_FLAG=0

SEQUENCE_INTERNAL_EXCLUDED_REGION=$target

PRIMER_EXPLAIN_FLAG=1

=

You can change these values or append the lines like “XXXX=N.” 

A-3) How to use phrap for assembly of reads in sff files

0. System.

  A phred/phrap/consed system should be installed properly on a linux platform. We tested following versions of software. 

  Linux CentOS

  phrap v.1.090518

  consed v.23

1. Make an sff_dir folder under a project folder (optional).

2. Go to the sff_dir folder. Copy sff files to the sff_dir folder.

3. Run /usr/local/genome/bin/sff2phd.perl.

4. Move the result file "phd.ball" to phd_dir.

5. Go to edit_dir folder.

6. Run phredPhrap.

A-4) How to use phrap output for Auto-primer

1. Pick up fasta files for input.

 Sequence file of contigs: project.fasta.screen.contigs

     ‘project’ can be changed as specified for the parental project folder name.

     Rename as: project.fasta.screen.contigs.fna

 Quality file of contigs: project.fasta.screen.contigs.qual

 Sequence file of singletons: project.fasta.screen.singlets

     Rename as: project.fasta.screen.singlets.fna

 Quality file of singletons is created from quality file of all reads:

     project.fasta.screen.qual

     Pick up singletons with project.fasta.screen.singlets as a guide to create

     a quality file: project.fasta.screen.singlets.qual

2. Gather above 4 files in a folder (optional) and run Auto-primer.

---------------

command history

---------------

$ mkdir project
$ cd project
$ mkdir chromat_dir

$ mkdir edit_dir

$ mkdir phd_dir

$ mkdir sff_dir

$ cd sff_dir

$ cp /path_to_sff/*.sff ./

$ /usr/local/genome/bin/sff2phd.perl *.sff

$ mv phd.ball ../phd_dir

$ cd ../edit_dir

$ phredPhrap

$ cd ..

$ mkdir auto_primer

$ cd auto_primer

$ cp ../edit_dir/project.fasta.screen.contigs ./

$ mv project.fasta.screen.contigs project.fasta.screen.contigs.fna

$ cp ../edit_dir/project.fasta.screen.contigs.qual ./

$ cp ../edit_dir/project.fasta.screen.singlets ./

$ mv project.fasta.screen.singlets project.fasta.screen.singlets.fna

$ grep ">" ../edit_dir/project.fasta.screen.singlets | sed -e "s/>//g" >

singlets.txt

$ /path_to_getseq/getseq.pl ../edit_dir/project.fasta.screen.qual singlets.txt >

project.fasta.screen.singlets.qual

$ perl /path_to_auto_primer/auto_primer1.0.pl . project
