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MCPrimers

A tool to automate the design of molecular cloning PCR primers for specific plasmids
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Introduction

One of the operations involved in molecular cloning is the design of suitable PCR primers to isolate and amplify a region of DNA nucleotides (the amplicon) from a physically available sequence. This can be a challenging and time-consuming process to do by hand. The primers must be visualized in the sequence for correspondance to the cloning sites, but also need to be checked to be sure the amplicon will be in-frame with the plasmid and will insert in the correct direction. The primer pair must also have other appropriate properties such as close melting temperatures.

The success of the cloning operation depends upon a consideration of both the sequence and the vector. Programs such as Primer3 or PerlPrimer only consider the sequence, without reference to the characteristics of the plasmid. MCPrimers uses the sequence itself and data about the multiple cloning sites in the plasmid vector to design PCR primers that fulfill the needed constraints. The primers so designed are then checked by Primer3 to be sure that the needed characteristics of a good primer pair are present. 

MCPrimers steps successively through the multiple cloning sites in the plasmid checking each upstream site against the sites which are downstream from it. This exhausts all valid site pair combinations taken in the correct upstream to downstream orientation. Each site has a set of patterns created for matching against the sequence that allow for site-directed mutagenesis using the rule that a given primer may modify up to three nucleotides, but not three in a row. These patterns are placed into larger patterns which will identify putative primers, while taking primer length and specified GC clamping into account. The restriction sites in the primers are also checked against the sequence to be sure that they are present in only one place in the sequence.

The region in the sequence which is to be searched needs to be varied depending on the nature of the sequence itself. In a prokaryotic organism, the sequence can be specified with regions upstream and downstream from the open reading frame (ORF) if desired. The PCR operation can act on whole organism DNA, allowing the experimenter to amplify a sequence that contains the whole ORF or only a desired portion. There are several ways MCPrimers can be used for eukaryotic organisms. If a cDNA sequence with both 3’ and 5’ untranslated regions (UTR) is available, MCPrimers can create primers that will capture all of the ORF, as well as some of the UTR. If only the ORF is available, MCPrimers can shift its search for primers into the ORF by a user-specified amount at either or both ends of the ORF. In this way, eukaryotic clones with included UTRs or ORF-only clones can be designed.


Always use an in-frame FASTA format file of DNA nucleotides that are compatible with Primer3. Also note that a large region of DNA outside the ORF or CDS will make a large search space for MCPrimers, whether it is from a prokaryotic sequence or eukaryotic cDNA with UTRs. See the data file section ahead.

Feel free to make your own plasmid vector data files using the CloningVector format. An example file (pet-32a.txt) is provided.

Basic MCPrimers Heuristic

This is expressed in software-like terms. Feel free to skip if you wish.

· The FASTA file is loaded.

· The plasmid vector cloning site data is loaded from an external file.

· The Primer3 parameters are loaded from the Primer3 Boulder format file.

· The MCPrimer parameters are read and checked.

· Each site in the plasmid is searched against all its downstream sites. This provides for the correct ligation orientation. Sites in the excluded list are not examined.

· Each site has a pattern created that allows for the various types of correct site-directed mutagenesis (up to three mutations, but not three in a row). You can ask for fewer using the –maxchanges parameter.

· This pattern is embedded in other patterns of various size (within limits) that allow the site to be placed in different parts of the larger pattern. 

· The larger pattern has the user-specified GC clamping as part of itself.

· The larger pattern represents a putative primer.

· Left and right primers are generated seperately by matching the larger pattern against the upstream or downstream part of the sequence.

· Separate smaller and larger patterns are generated for the upstream and downstream primers.

· The upsteam primer is found starting at the beginning of the NT sequence and going part way past the start codon. The –searchpaststart parameter specifies an extra search distance to go into the codon.

· The downstream primer is sought after the end of the stop codon unless the                       -searchbeforestop parameter specifies that the search can take place before the stop codon.

· Checks for excessive numbers of GC nucleotides at the 3’ end are carried out.

· Generated primer pairs are checked using Primer3. If the sequence will undergo site-directed mutagenesis, it is so modified before being passed to Primer3.

· Bad primers, as determined by Primer3, are rememered and not rechecked.

· After MCPrimers has completed its heuristic, the results are returned to the user. A header with the parameters of the run are included in the results file.

Tools Available

mcprimers – a command line tool

mcprimers.pl (may be provided as a .sh or .bat file) 

Use: mcprimers.pl [options] vector.txt sequence.fasta result.pr3

Options:  

-help

-stdout

-filter

-searchpaststart integer

-searchbeforestop integer

-clamp (both | 3prime)

-maxchanges integer

-excludedsites comma_seperated_list_with_no_blanks

-primerfile primer3_file_name

-vectorfile vector_file_name

-seqfile FASTA_sequence.fasta

-outfile result.pr3

help                       
print help

stdout                    
output goes to stdout

filter                      
input from stdin, output to stdout

searchpaststart      
allow search inside ORF downstream of start codon

searchbeforestop  
allow search inside ORF upstream of stop codon

clamp                    
both = GC clamp at 5’ and 3’; 3prime = 3’ GC clamp only

maxchanges                maximum number of mutagenic changes allowed 

excludedsites        
don’t use these sites

primerfile              
Primer3 Boulder file with Primer3 parameters

vectorfile               
plasmid vector site data

seqfile                   
FASTA you want to use

outfile                   
Primer3 results and some header data about the run

· Vector file format is specified in Bio::Data::Plasmid::CloningVector.

· Sequence file must be DNA nucleotides in FASTA format.

· Results file has Primer3 output and extra header data.

· '=' can be used in specifying parameter values on command line.

How to use mcprimers (short version)

1. Enter the mcprimers command at your terminal. 

2. MCPrimers will prompt you for the vector file, FASTA file, and output file. 

3. Tell MCPrimers the files names. 

4. Don’t have ‘excessive overhang’ in the FASTA. This prevents an excessive search space for MCprimers.

5. Wait several minutes. 

6. Look at your results. 
Examples

mcprimers.pl -excludedsites AvaI-XhoI,KpnI pet-32a.txt ppib.fa generated_file.pr3

mcprimers.pl -clamp 3prime -searchpaststart 24 -stdout pet-32a.txt HIcysS.fa > generated_file.pr3

mcprimers.pl -primerfile=p3.txt -vectorfile=pet-32a.txt -seqfile=ppib.fa 
-outfile=generated_file.pr3
Note that your site administrator will probably wrap mcprimers.pl in a shell script or batch file. 

How to use mcprimers (long version)
1. Make a FASTA file of the DNA nucleotide sequence with the ORF of interest. 

2. For prokaryotic organisms, KEGG (www.genome.jp) can provide a sequence with 21 NT upstream and 200 NT downstream of the ORF. It is not actually necessary to have NTs outside the ORF unless one wants to captute the whole ORF. If the 21 up / 200 down file is used with the default MCPrimers parameters, a solution that will obtain the whole ORF with a few NT upstream of the start codon and some NT downstream of the stop codon will likely be obtained. 

3. For eukaryotic organisms, NCBI (www.ncbi.nlm.nih.gov) can provide cDNA sequences. The spliced cDNA is available with an NM_ prefix. This can be saved as a FASTA file.  The UTR are included. The CDS region is indicated. It may be necessary to trim the FASTA file of the sequence, depending on which part of the sequence you want to amplify. Note that MCPrimers creates a large search space from a small sequence of nucleotides. Trim the UTR sequence outside the CDS to limit the search space. If  no region outside the ORF is desired, then trim to only the CDS region and set the                  -searchpaststart and -searchbeforestop parameters to allow search within the CDS.

4. Make or reuse a plasmid vector file that contains the data about the cloning sites in the plasmid. Pet-32a.txt is an example file provided with MCPrimers. It uses the CloningVector format described in the data file section. Feel free to make your own data files.

5. Determine if you want GC clamping at both ends or just at the 3’ end. The –clamp parameter controls GC clamping.

6. Determine if you want to extend the search farther past the start codon than it would otherwise go, or if you wish to search before the stop codon. The                                       -searchafterstart and –searcheforestop parameters control search extentions.

7. Determine if the default value of three for maxchanges is appropriate. Set it smaller if you wish. A value of two will usually find some solutions. Less than two is not likely (in my experience) to find a solution.

8. Determine if you want to use a Primer3 Boulder format parameter file to pass to Primer3. This is specified by –primerfile.

9. If you wish to exclude some sites from the search, use them in a comma-seperated list supplied to –excludedsites. Use the same names as are used in the vector file specified above.

10. Compose a command line using the above parameters and files. Check to be sure it’s right, then execute it.

11. You will have to wait several minutes for the results, depending on machine speed. If you have specified a large overhang of NTs or have pushed the search far into the sequence, the wait will be excessive. 

12. The results will print, either to the output file or to your terminal, depending on what you requested. Error messages returned from the solver are trapped and displayed in the text line. Your return data will be primarily composed of Primer3 output, with additional header information. 

mcprimers_gui – a graphical user interface (GUI) to mcprimers

mcprimers_gui.pl (may be provided as a .sh, .bat file, or icon)

mcprimers_gui.pl passes its parameters directly to mcprimers. The results from mcprimers are displayed in the GUI window. The contents of the window can be saved at any time.
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· The top line of text provides direction and feedback to the user.

· The large window holds data as they are entered, and results as they are generated.

· The bottom row of buttons provides user control in roughly left to right order.

The right panel provides feedback to the user and allows the user to specify parameters.

· How to use mcprimers_gui

1. Load a vector file with plasmid data (pet-32a.txt is a sample file). This will bring up the cloning sites in the right frame. Uncheck any you do not wish to use.

2. Load an in-frame FASTA file. The file will be displayed in the central pane.

3. Select a Primer3 Boulder parameter file if you wish. The number of parameters identified will be displayed in the top line of test. You may unselect the Primer3 file in the right hand frame if you wish not to use it.

4. Select the desired GC clamping in the right hand frame.

5. Select the desired amount to shift the search in the ORF using the sliders in the right hand frame.

6. Select a value less than three for the maximum number of mutagenic changes if you wish.

7. Press execute to initiate the mcprimers solver. Please be patient. This will take several minutes.

8. If the solution works correctly, you will see the results in the central window. Otherwise an error message will be displayed.

9. The Save button will save the contents of the central pane to a file.

10. The Help button will give a one page help summary.

11. The About button gives a brief line of text about MCPrimers.

12. Exit will exit the program, no questions asked.
Note that your site administrator will probably wrap mcprimers_gui.pl in a shell script or batch file and then present it to you as a desktop icon. 

How to run MCPrimers in the distribution directory

MCPrimers, either the command line or GUI, can be run in the directory that is downloaded from CPAN (Perl archive). Just do this with:

perl –Ilib mcprimers.pl

or

perl –Ilib mcprimers_gui.pl

Environment variables – set these as described in the environment variables section!

Data files
FASTA

Use FASTA format for the DNA sequences. Do not overwhelm MCPrimers with excessive NT overhangs outside the region where you want to find the primers. Be willing to trim UTR NTs off either end of the UTR + CDS. A text editor can be used to modify FASTA files.

Examples

To retrieve prokaryotic DNA: http://www.genome.jp/kegg-bin/cut_sequence_genes.pl?FROM=86041&TO=86771&VECTOR=1&ORG=hin

To retrieve eukaryotic cDNA: 

http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=113951676
CloningVector format
 '#' at start of line is a comment

Blank lines with no characters (just <cr> are permitted)

Data lines are tab separated by item:

Name  Sequence  Cut_position_in_site  Cut_position_in_vector_frame

Example

# pET-32A (CloningVector format)

# Tim Wiggin and Steve Lenk (C) 2006

# Licensed under the Perl Artistic License

# Note that names (column 1) must not have blanks

# Name  Sequence  Cut position in site  Cut position in plasmid frame

NspV
TTCGAA
2
2

BglII
AGATCT
1
0

KpnI
GGTACC
5
2

NcoI
CCATGG
1
2

EcoRV
GATATC
3
0

BamHI
GGATCC
1
1

EcoRI
GAATTC
1
1

SacI
GAGCTC
5
2

SalI
GTCGAC
1
2

HindIII
AAGCTT
1
2

NotI-EagI
GCGGCCGC
2
0

AvaI-XhoI
CTCGAG
1
2 

Primer3 file

Use the same Primer3 Boulder format file you would normally use.
Environment Variables

PRIMER3_DIR – location of Primer3 executable; primer3.exe on XP, primer3_core otherwise.

MCPRIMERS_DIR - location of mcprimers.pl so that the GUI program can find it.

Windows XP example

set PRIMER3_DIR=c:\windows\system32

OSX / Unix (Bash or sh – csh is different) example

PRIMER3_DIR=/usr/local/bin

export PRIMER3_DIR

Troubleshooting

MCPrimers is reliable, even in multiplatform use. Examine the t/test.pl file for the test suite. That said, everything can be troublesome at times, not even accounting for latent defects (which probably exist). 

Here are some pointers:

FASTA files are simple, but be sure your nucleotide sequence is IN FRAME with the start codon! YOUR RESULTS WILL BE WRONG IF THIS IS WRONG!
./primer3 not found – Either put primer3.exe/primer3_core in the actual directory you are using or set PRIMER3_DIR as an environment variable.

./mcprimers.pl not found - Either put mcprimers.pl in the actual directory you are using or set MCPRIMERS_DIR as an environment variable.

Various Primer3 errors – Check the p3...txt intermediate files to see what is actually being handed off to Primer3. Primer3 errors/problems/etc are passed right back and printed out.

Bad character in input – Primer3 has limitations on what it will accept. Check your FASTA file.

Note that Unix/OSX and XP terminate files differently.

Primers with less than two induced mutations – I had to make two data sets to exercise this option. You’re milage may vary.

No solution found – 
Change to 3’ GC clamping. 

                                 
Move the search into the ORF/CDS.

                                  
Don’t use a Primer3 parameter file.

Remember to BLAST both primers against the genome to check for an inadvertant match.

Limitations

MCPrimers can be overwhelmed by an excessively large search space. Do not use an excessive amount of NTs beyond the region where you wish to find a solution.

Since MCPrimers uses Primer3 directly, it shares the limitations of Primer3.

MCPrimers has no way to directly account for introns in cDNA if they are present. This should not be an issue as cDNA libraries are usually made from spliced mRNA.

Be sure you BLAST any primers you plan to use against whatever DNA will be present in the PCR reaction to be sure there are no inadvertant matches.

Primer3 Boulder format files have some of the parameters overwritten as part of the solution heuristic. They are:

SEQUENCE
PRIMER_PRODUCT_MAX_SIZE
PRIMER_PRODUCT_SIZE_RANGE
PRIMER_LEFT_INPUT
PRIMER_RIGHT_INPUT
EXCLUDED_REGION

PRIMER_EXPLAIN_FLAG
I was not able to make primer pairs with less than two induced mutations from the FASTA I tried. I had to make two data sets to exercise this option. Your milage may vary.

Sometimes the file selection widgets locks up. I don’t know why this happens. You will probably have to exit the program at that point. Use it ‘deliberately’.

Start the X11 server on a Mac/OSX.

No warranty is offered. There is no guarantee that any solution obtained will be correct or useful. Under no circumstances will Steve Lenk be held responsible for any use of this software, any consequence of its use, or any documents associated with it.

Prokaryote example - ppiB in Haemophilus influenza
FASTA

>h.influenzae , (86041 .. 86771)

ATTTTTTAGAGGGAAAACAAAATGGTTACATTACACACAAACTTTGGCGACATTAAAATT

AAATTGGATTTTGATAAAGCTCCAGTTACAGCAGAAAACTTCTTAAATTACTGCAAAGAC

GGTTTTTATAATAACACAATTTTTCATCGTGTTATTGATGGCTTTATGATTCAAGGTGGC

GGTATGGAAAGCGGTATGCGCGAAAAAGCAACTAAAGCCCCAATCCAAAATGAAGCGAAC

AATCGTTTAAGTAACAAACGTGGAACCATTGCAATGGCTCGCACTTCAGATCCACATTCA

GCGACAGCACAATTTTTCATTAACGTGGCAGACAATGATTTCTTAAATTATCGTTCAAAA

GAAATGTTTGGTCGCGAAGTCGTTCAAGAATGGGGCTATGCAGTATTTGGCGAAGTGGTT

GAAGGTATGGATGTTGTGGATAAAATCAAAAAAGTGAAAACAGGCAACAAAGGCTTTCAT

CAAGATGTTCCAACTGAAGATGTAGTGATTACATCGGTTTCTATTGAGTAACAAATGAGC

ATAAAACAACATCGCCCTAAAGTTGGAGAAATTCTAGAATGTGATTATGGTCAATTTTCG

CATACCTGTCACGTTGATGGACATATTCCACCTGAAATGGTTAAAAAACGTTTGGTTGTT

GTTTTGAATGCTAAACTGAATGGGCTTATTTTAGTTGCACCAATTTCATCTAAAATTAAT

TTAGATGGTAT

Header and first solution
|------------------------------------------------------------------|

| MCPrimers V2.4 Copyright (c) 2005,2006 Stephen G. Lenk           |

| CloningVector  Copyright (c) 2006 Tim Wiggin and Stephen G. Lenk |

| Primer3        Copyright (c) 1996,1997,1998,1999,2000,2001,2004  |

| Whitehead Institute for Biomedical Research. All rights reserved |

|------------------------------------------------------------------|

Date                 = Fri Sep  8 15:46:31 2006

Sequence file        = ppib.fa

Results file         = ppib.pr3

Primer3 file         = 

Cloning vector       = pet-32a.txt

Clamp flag           = both

Maximum changes      = 3

Search past start    = 0

Search before stop   = 0

Excluded sites       = 

Original sequence:

ATTTTTTAGAGGGAAAACAAAATGGTTACATTACACACAAACTTTGGCGACATTAAAATT

AAATTGGATTTTGATAAAGCTCCAGTTACAGCAGAAAACTTCTTAAATTACTGCAAAGAC

GGTTTTTATAATAACACAATTTTTCATCGTGTTATTGATGGCTTTATGATTCAAGGTGGC

GGTATGGAAAGCGGTATGCGCGAAAAAGCAACTAAAGCCCCAATCCAAAATGAAGCGAAC

AATCGTTTAAGTAACAAACGTGGAACCATTGCAATGGCTCGCACTTCAGATCCACATTCA

GCGACAGCACAATTTTTCATTAACGTGGCAGACAATGATTTCTTAAATTATCGTTCAAAA

GAAATGTTTGGTCGCGAAGTCGTTCAAGAATGGGGCTATGCAGTATTTGGCGAAGTGGTT

GAAGGTATGGATGTTGTGGATAAAATCAAAAAAGTGAAAACAGGCAACAAAGGCTTTCAT

CAAGATGTTCCAACTGAAGATGTAGTGATTACATCGGTTTCTATTGAGTAACAAATGAGC

ATAAAACAACATCGCCCTAAAGTTGGAGAAATTCTAGAATGTGATTATGGTCAATTTTCG

CATACCTGTCACGTTGATGGACATATTCCACCTGAAATGGTTAAAAAACGTTTGGTTGTT

GTTTTGAATGCTAAACTGAATGGGCTTATTTTAGTTGCACCAATTTCATCTAAAATTAAT

TTAGATGGTAT

=========

=========  Solution # 1

=========

Start codon at  21

Stop codon  at  528

Left RE site  = NspV (TTCGAA)

Right RE site = BglII (AGATCT)

Primer3 analysis of PCR primers designed by MCPrimers:

No mispriming library specified

Using 0-based sequence positions

OLIGO            start  len      tm     gc%   any    3' seq

LEFT PRIMER          8   21   57.54   42.86  6.00  3.00 GAGGGAATTCGAAATGGTTAC

RIGHT PRIMER       633   22   60.88   50.00  8.00  2.00 CAGGTGGAAGATCTCCATCAAC

SEQUENCE SIZE: 731

INCLUDED REGION SIZE: 731

PRODUCT SIZE: 626, PAIR ANY COMPL: 4.00, PAIR 3' COMPL: 1.00

EXCLUDED REGIONS (start, len)*: 39,492

    0 ATTTTTTAGAGGGAATTCGAAATGGTTACATTACACACAAACTTTGGCGACATTAAAATT

              >>>>>>>>>>>>>>>>>>>>>          XXXXXXXXXXXXXXXXXXXXX

   60 AAATTGGATTTTGATAAAGCTCCAGTTACAGCAGAAAACTTCTTAAATTACTGCAAAGAC

      XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

  120 GGTTTTTATAATAACACAATTTTTCATCGTGTTATTGATGGCTTTATGATTCAAGGTGGC

      XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

  180 GGTATGGAAAGCGGTATGCGCGAAAAAGCAACTAAAGCCCCAATCCAAAATGAAGCGAAC

      XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

  240 AATCGTTTAAGTAACAAACGTGGAACCATTGCAATGGCTCGCACTTCAGATCCACATTCA

      XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

  300 GCGACAGCACAATTTTTCATTAACGTGGCAGACAATGATTTCTTAAATTATCGTTCAAAA

      XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

  360 GAAATGTTTGGTCGCGAAGTCGTTCAAGAATGGGGCTATGCAGTATTTGGCGAAGTGGTT

      XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

  420 GAAGGTATGGATGTTGTGGATAAAATCAAAAAAGTGAAAACAGGCAACAAAGGCTTTCAT

      XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

  480 CAAGATGTTCCAACTGAAGATGTAGTGATTACATCGGTTTCTATTGAGTAACAAATGAGC

      XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX         

  540 ATAAAACAACATCGCCCTAAAGTTGGAGAAATTCTAGAATGTGATTATGGTCAATTTTCG

  600 CATACCTGTCACGTTGATGGAGATCTTCCACCTGAAATGGTTAAAAAACGTTTGGTTGTT

                  <<<<<<<<<<<<<<<<<<<<<<                          

  660 GTTTTGAATGCTAAACTGAATGGGCTTATTTTAGTTGCACCAATTTCATCTAAAATTAAT

  720 TTAGATGGTAT

KEYS (in order of precedence):

XXXXXX excluded region

>>>>>> left primer

<<<<<< right primer

Statistics

         con   too    in    in          no    tm    tm  high  high        high      

         sid  many   tar  excl   bad    GC   too   too   any    3'  poly   end      

        ered    Ns   get   reg   GC% clamp   low  high compl compl     X  stab    ok

Left       1     0     0     0     0     0     0     0     0     0     0     0     1

Right      1     0     0     0     0     0     0     0     0     0     0     0     1

Pair Stats:

considered 1, ok 1

primer3 release 1.0

Eukaryote with UTR example - NM_001045843
FASTA
>gi|113951676|ref|NM_001045843.1| Rattus norvegicus similar to purinergic receptor P2Y, G-protein coupled, 5 (MGC112684), mRNA

> trimmed to 21 NT upstream of start codon

TGTAGGCTGTGCTGCCCGACAATGGTAAGCGCCAACGGCTCC

CACTGCCCTTATGACGACTCCTTTAAGTACACTTTGTATGGGTGCATGTTCAGCATGGTGTTTGTGCTTG

GGCTGATATCCAACTGTGTTGCGATATACATTTTCATCTGTGCCCTCAAAGTGAGAAACGAAACTACAAC

GTACATGATTAACCTGGCAATGTCAGATTTACTTTTCGTCTTTACTTTGCCATTTCGGATCTTTTACTTT

GCAACACGGAATTGGCCGTTTGGAGATCTGCTCTGTAAGATTTCAGTAATGCTGTTTTACACCAATATGT

ATGGAAGCATTCTGTTCTTAACCTGTATCAGTGTAGATCGATTTCTGGCAATTGTCTACCCATTTAAGTC

GAAGACTTTAAGAACTAAACGAAATGCCAAGATTGTTTGCATTGCTGTGTGGTTCACCGTGATGGGAGGA

AGTGCGCCTGCAGTTTTCTTTCAGTCGACCCACTCTCAGGGTAACAATACCTCAGAAGCCTGCTTTGAGA

ACTTTCCAGCAGCCACATGGAAAACTTATCTCTCCAGGATTGTGATTTTCATTGAAATAGTGGGGTTTTT

TATCCCCCTCATTTTGAACGTAACGTGTTCTAGTATGGTGCTAAGGACTTTAAATAAGCCTGTTACTTTA

AGCAGAAGCAAAATGAACAAAACCAAGGTTTTAAAAATGATTTTTGTCCACTTGGTCATATTCTGTTTCT

GTTTTGTGCCCTATAACATCAACCTCATTTTGTATTCTCTCGTGAGAACACAGACCTTTGTTAACTGCTC

TGTGGGGGCTGCAGTGAGAACGATGTACCCCATCACTCTCTGCATTGCTGTCTCCAACTGTTGCTTTGAC

CCCATTGTTTACTACTTCACTTCAGACACGATCCAGAACTCAATAAAGATGAAGAGCTGGTCTGTTAGAA

GGAGTGACTCCAGGTTCTCTGAAGTTCAGGGCACCGAGAATTTTATCCAACACAACCTACAGACCTTAAA

AAATAAGATATTTGATAATGAATCTGCAATATAAGCTGCCTGACTAAACCACTGGGACTGCTCCGTGTTC

AACTGTGAAAACTGTGCTCTGGGAAACTATTTCTCCAGCTCCAACAGAAAATTAACCTACGGACGGTTAC

CTGTTTTTAAAGAAAGTTTGTGTCTGATGAGTTAACATTAAAATATATTCTATTCTTGTAAAAAAAAAAA

AAAAAAAAAAAAAA

Header and first solution
|------------------------------------------------------------------|

| MCPrimers V2.4 Copyright (c) 2005,2006 Stephen G. Lenk           |

| CloningVector  Copyright (c) 2006 Tim Wiggin and Stephen G. Lenk |

| Primer3        Copyright (c) 1996,1997,1998,1999,2000,2001,2004  |

| Whitehead Institute for Biomedical Research. All rights reserved |

|------------------------------------------------------------------|

Date                 = Fri Sep  8 17:04:01 2006

Sequence file        = C:/Documents and Settings/SLENK/Desktop/MCPrimers/Bio-MCPrimers-2.4/t/nm_001045843_utr.fa

Results file         = 

Primer3 file         = 

Cloning vector       = C:/Documents and Settings/SLENK/Desktop/MCPrimers/Bio-MCPrimers-2.4/t/pet-32a.txt

Clamp flag           = both

Maximum changes      = 3

Search past start    = 0

Search before stop   = 0

Excluded sites       = 

Original sequence:

TGTAGGCTGTGCTGCCCGACAATGGTAAGCGCCAACGGCTCCCACTGCCCTTATGACGAC

TCCTTTAAGTACACTTTGTATGGGTGCATGTTCAGCATGGTGTTTGTGCTTGGGCTGATA

TCCAACTGTGTTGCGATATACATTTTCATCTGTGCCCTCAAAGTGAGAAACGAAACTACA

ACGTACATGATTAACCTGGCAATGTCAGATTTACTTTTCGTCTTTACTTTGCCATTTCGG

ATCTTTTACTTTGCAACACGGAATTGGCCGTTTGGAGATCTGCTCTGTAAGATTTCAGTA

ATGCTGTTTTACACCAATATGTATGGAAGCATTCTGTTCTTAACCTGTATCAGTGTAGAT

CGATTTCTGGCAATTGTCTACCCATTTAAGTCGAAGACTTTAAGAACTAAACGAAATGCC

AAGATTGTTTGCATTGCTGTGTGGTTCACCGTGATGGGAGGAAGTGCGCCTGCAGTTTTC

TTTCAGTCGACCCACTCTCAGGGTAACAATACCTCAGAAGCCTGCTTTGAGAACTTTCCA

GCAGCCACATGGAAAACTTATCTCTCCAGGATTGTGATTTTCATTGAAATAGTGGGGTTT

TTTATCCCCCTCATTTTGAACGTAACGTGTTCTAGTATGGTGCTAAGGACTTTAAATAAG

CCTGTTACTTTAAGCAGAAGCAAAATGAACAAAACCAAGGTTTTAAAAATGATTTTTGTC

CACTTGGTCATATTCTGTTTCTGTTTTGTGCCCTATAACATCAACCTCATTTTGTATTCT

CTCGTGAGAACACAGACCTTTGTTAACTGCTCTGTGGGGGCTGCAGTGAGAACGATGTAC

CCCATCACTCTCTGCATTGCTGTCTCCAACTGTTGCTTTGACCCCATTGTTTACTACTTC

ACTTCAGACACGATCCAGAACTCAATAAAGATGAAGAGCTGGTCTGTTAGAAGGAGTGAC

TCCAGGTTCTCTGAAGTTCAGGGCACCGAGAATTTTATCCAACACAACCTACAGACCTTA

AAAAATAAGATATTTGATAATGAATCTGCAATATAAGCTGCCTGACTAAACCACTGGGAC

TGCTCCGTGTTCAACTGTGAAAACTGTGCTCTGGGAAACTATTTCTCCAGCTCCAACAGA

AAATTAACCTACGGACGGTTACCTGTTTTTAAAGAAAGTTTGTGTCTGATGAGTTAACAT

TAAAATATATTCTATTCTTGTAAAAAAAAAAAAAAAAAAAAAAAAA

=========

=========  Solution # 1

=========

Start codon at  21

Stop codon  at  1053

Left RE site  = KpnI (GGTACC)

Right RE site = NcoI (CCATGG)

Primer3 analysis of PCR primers designed by MCPrimers:

No mispriming library specified

Using 0-based sequence positions

OLIGO            start  len      tm     gc%   any    3' seq

LEFT PRIMER         17   19   61.18   57.89  6.00  0.00 GACAATGGGTACCGCCAAC

RIGHT PRIMER      1118   21   61.65   47.62  6.00  1.00 GTTTCCCATGGCACAGTTTTC

SEQUENCE SIZE: 1246

INCLUDED REGION SIZE: 1246

PRODUCT SIZE: 1102, PAIR ANY COMPL: 5.00, PAIR 3' COMPL: 2.00

EXCLUDED REGIONS (start, len)*: 39,1017

    0 TGTAGGCTGTGCTGCCCGACAATGGGTACCGCCAACGGCTCCCACTGCCCTTATGACGAC

                       >>>>>>>>>>>>>>>>>>>   XXXXXXXXXXXXXXXXXXXXX

   60 TCCTTTAAGTACACTTTGTATGGGTGCATGTTCAGCATGGTGTTTGTGCTTGGGCTGATA

      XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

  120 TCCAACTGTGTTGCGATATACATTTTCATCTGTGCCCTCAAAGTGAGAAACGAAACTACA

      XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

  180 ACGTACATGATTAACCTGGCAATGTCAGATTTACTTTTCGTCTTTACTTTGCCATTTCGG

      XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

  240 ATCTTTTACTTTGCAACACGGAATTGGCCGTTTGGAGATCTGCTCTGTAAGATTTCAGTA

      XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

  300 ATGCTGTTTTACACCAATATGTATGGAAGCATTCTGTTCTTAACCTGTATCAGTGTAGAT

      XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

  360 CGATTTCTGGCAATTGTCTACCCATTTAAGTCGAAGACTTTAAGAACTAAACGAAATGCC

      XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

  420 AAGATTGTTTGCATTGCTGTGTGGTTCACCGTGATGGGAGGAAGTGCGCCTGCAGTTTTC

      XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

  480 TTTCAGTCGACCCACTCTCAGGGTAACAATACCTCAGAAGCCTGCTTTGAGAACTTTCCA

      XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

  540 GCAGCCACATGGAAAACTTATCTCTCCAGGATTGTGATTTTCATTGAAATAGTGGGGTTT

      XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

  600 TTTATCCCCCTCATTTTGAACGTAACGTGTTCTAGTATGGTGCTAAGGACTTTAAATAAG

      XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

  660 CCTGTTACTTTAAGCAGAAGCAAAATGAACAAAACCAAGGTTTTAAAAATGATTTTTGTC

      XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

  720 CACTTGGTCATATTCTGTTTCTGTTTTGTGCCCTATAACATCAACCTCATTTTGTATTCT

      XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

  780 CTCGTGAGAACACAGACCTTTGTTAACTGCTCTGTGGGGGCTGCAGTGAGAACGATGTAC

      XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

  840 CCCATCACTCTCTGCATTGCTGTCTCCAACTGTTGCTTTGACCCCATTGTTTACTACTTC

      XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

  900 ACTTCAGACACGATCCAGAACTCAATAAAGATGAAGAGCTGGTCTGTTAGAAGGAGTGAC

      XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

  960 TCCAGGTTCTCTGAAGTTCAGGGCACCGAGAATTTTATCCAACACAACCTACAGACCTTA

      XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

 1020 AAAAATAAGATATTTGATAATGAATCTGCAATATAAGCTGCCTGACTAAACCACTGGGAC

      XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX                        

 1080 TGCTCCGTGTTCAACTGTGAAAACTGTGCCATGGGAAACTATTTCTCCAGCTCCAACAGA

                        <<<<<<<<<<<<<<<<<<<<<                     

 1140 AAATTAACCTACGGACGGTTACCTGTTTTTAAAGAAAGTTTGTGTCTGATGAGTTAACAT

 1200 TAAAATATATTCTATTCTTGTAAAAAAAAAAAAAAAAAAAAAAAAA

KEYS (in order of precedence):

XXXXXX excluded region

>>>>>> left primer

<<<<<< right primer

Statistics

         con   too    in    in          no    tm    tm  high  high        high      

         sid  many   tar  excl   bad    GC   too   too   any    3'  poly   end      

        ered    Ns   get   reg   GC% clamp   low  high compl compl     X  stab    ok

Left       1     0     0     0     0     0     0     0     0     0     0     0     1

Right      1     0     0     0     0     0     0     0     0     0     0     0     1

Pair Stats:

considered 1, ok 1

primer3 release 1.0

Eukaryote CDS only example - NM_001045843
FASTA

>gi|113951676:610-1644 Rattus norvegicus similar to purinergic receptor P2Y, G-protein coupled, 5 (MGC112684), mRNA

ATGGTAAGCGCCAACGGCTCCCACTGCCCTTATGACGACTCCTTTAAGTACACTTTGTATGGGTGCATGT

TCAGCATGGTGTTTGTGCTTGGGCTGATATCCAACTGTGTTGCGATATACATTTTCATCTGTGCCCTCAA

AGTGAGAAACGAAACTACAACGTACATGATTAACCTGGCAATGTCAGATTTACTTTTCGTCTTTACTTTG

CCATTTCGGATCTTTTACTTTGCAACACGGAATTGGCCGTTTGGAGATCTGCTCTGTAAGATTTCAGTAA

TGCTGTTTTACACCAATATGTATGGAAGCATTCTGTTCTTAACCTGTATCAGTGTAGATCGATTTCTGGC

AATTGTCTACCCATTTAAGTCGAAGACTTTAAGAACTAAACGAAATGCCAAGATTGTTTGCATTGCTGTG

TGGTTCACCGTGATGGGAGGAAGTGCGCCTGCAGTTTTCTTTCAGTCGACCCACTCTCAGGGTAACAATA

CCTCAGAAGCCTGCTTTGAGAACTTTCCAGCAGCCACATGGAAAACTTATCTCTCCAGGATTGTGATTTT

CATTGAAATAGTGGGGTTTTTTATCCCCCTCATTTTGAACGTAACGTGTTCTAGTATGGTGCTAAGGACT

TTAAATAAGCCTGTTACTTTAAGCAGAAGCAAAATGAACAAAACCAAGGTTTTAAAAATGATTTTTGTCC

ACTTGGTCATATTCTGTTTCTGTTTTGTGCCCTATAACATCAACCTCATTTTGTATTCTCTCGTGAGAAC

ACAGACCTTTGTTAACTGCTCTGTGGGGGCTGCAGTGAGAACGATGTACCCCATCACTCTCTGCATTGCT

GTCTCCAACTGTTGCTTTGACCCCATTGTTTACTACTTCACTTCAGACACGATCCAGAACTCAATAAAGA

TGAAGAGCTGGTCTGTTAGAAGGAGTGACTCCAGGTTCTCTGAAGTTCAGGGCACCGAGAATTTTATCCA

ACACAACCTACAGACCTTAAAAAATAAGATATTTGATAATGAATCTGCAATATAA

Header and first solution
|------------------------------------------------------------------|

| MCPrimers V2.4 Copyright (c) 2005,2006 Stephen G. Lenk           |

| CloningVector  Copyright (c) 2006 Tim Wiggin and Stephen G. Lenk |

| Primer3        Copyright (c) 1996,1997,1998,1999,2000,2001,2004  |

| Whitehead Institute for Biomedical Research. All rights reserved |

|------------------------------------------------------------------|

Date                 = Fri Sep  8 17:06:31 2006

Sequence file        = C:/Documents and Settings/SLENK/Desktop/MCPrimers/Bio-MCPrimers-2.4/t/nm_001045843_cds.fa

Results file         = 

Primer3 file         = 

Cloning vector       = C:/Documents and Settings/SLENK/Desktop/MCPrimers/Bio-MCPrimers-2.4/t/pet-32a.txt

Clamp flag           = 3prime

Maximum changes      = 3

Search past start    = 42

Search before stop   = 42

Excluded sites       = 

Original sequence:

ATGGTAAGCGCCAACGGCTCCCACTGCCCTTATGACGACTCCTTTAAGTACACTTTGTAT

GGGTGCATGTTCAGCATGGTGTTTGTGCTTGGGCTGATATCCAACTGTGTTGCGATATAC

ATTTTCATCTGTGCCCTCAAAGTGAGAAACGAAACTACAACGTACATGATTAACCTGGCA

ATGTCAGATTTACTTTTCGTCTTTACTTTGCCATTTCGGATCTTTTACTTTGCAACACGG

AATTGGCCGTTTGGAGATCTGCTCTGTAAGATTTCAGTAATGCTGTTTTACACCAATATG

TATGGAAGCATTCTGTTCTTAACCTGTATCAGTGTAGATCGATTTCTGGCAATTGTCTAC

CCATTTAAGTCGAAGACTTTAAGAACTAAACGAAATGCCAAGATTGTTTGCATTGCTGTG

TGGTTCACCGTGATGGGAGGAAGTGCGCCTGCAGTTTTCTTTCAGTCGACCCACTCTCAG

GGTAACAATACCTCAGAAGCCTGCTTTGAGAACTTTCCAGCAGCCACATGGAAAACTTAT

CTCTCCAGGATTGTGATTTTCATTGAAATAGTGGGGTTTTTTATCCCCCTCATTTTGAAC

GTAACGTGTTCTAGTATGGTGCTAAGGACTTTAAATAAGCCTGTTACTTTAAGCAGAAGC

AAAATGAACAAAACCAAGGTTTTAAAAATGATTTTTGTCCACTTGGTCATATTCTGTTTC

TGTTTTGTGCCCTATAACATCAACCTCATTTTGTATTCTCTCGTGAGAACACAGACCTTT

GTTAACTGCTCTGTGGGGGCTGCAGTGAGAACGATGTACCCCATCACTCTCTGCATTGCT

GTCTCCAACTGTTGCTTTGACCCCATTGTTTACTACTTCACTTCAGACACGATCCAGAAC

TCAATAAAGATGAAGAGCTGGTCTGTTAGAAGGAGTGACTCCAGGTTCTCTGAAGTTCAG

GGCACCGAGAATTTTATCCAACACAACCTACAGACCTTAAAAAATAAGATATTTGATAAT

GAATCTGCAATATAA

=========

=========  Solution # 1

=========

Start codon at  0

Stop codon  at  1032

Left RE site  = NspV (TTCGAA)

Right RE site = BamHI (GGATCC)

Primer3 analysis of PCR primers designed by MCPrimers:

No mispriming library specified

Using 0-based sequence positions

OLIGO            start  len      tm     gc%   any    3' seq

LEFT PRIMER         29   24   59.57   41.67  6.00  0.00 TTATGACGACTCCTTCGAATACAC

RIGHT PRIMER      1029   23   60.02   34.78  6.00  2.00 TTGCGGATCCATTATCAAATATC

SEQUENCE SIZE: 1035

INCLUDED REGION SIZE: 1035

PRODUCT SIZE: 1001, PAIR ANY COMPL: 3.00, PAIR 3' COMPL: 0.00

EXCLUDED REGIONS (start, len)*: 60,933

    0 ATGGTAAGCGCCAACGGCTCCCACTGCCCTTATGACGACTCCTTCGAATACACTTTGTAT

                                   >>>>>>>>>>>>>>>>>>>>>>>>       

   60 GGGTGCATGTTCAGCATGGTGTTTGTGCTTGGGCTGATATCCAACTGTGTTGCGATATAC

      XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

  120 ATTTTCATCTGTGCCCTCAAAGTGAGAAACGAAACTACAACGTACATGATTAACCTGGCA

      XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

  180 ATGTCAGATTTACTTTTCGTCTTTACTTTGCCATTTCGGATCTTTTACTTTGCAACACGG

      XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

  240 AATTGGCCGTTTGGAGATCTGCTCTGTAAGATTTCAGTAATGCTGTTTTACACCAATATG

      XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

  300 TATGGAAGCATTCTGTTCTTAACCTGTATCAGTGTAGATCGATTTCTGGCAATTGTCTAC

      XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

  360 CCATTTAAGTCGAAGACTTTAAGAACTAAACGAAATGCCAAGATTGTTTGCATTGCTGTG

      XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

  420 TGGTTCACCGTGATGGGAGGAAGTGCGCCTGCAGTTTTCTTTCAGTCGACCCACTCTCAG

      XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

  480 GGTAACAATACCTCAGAAGCCTGCTTTGAGAACTTTCCAGCAGCCACATGGAAAACTTAT

      XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

  540 CTCTCCAGGATTGTGATTTTCATTGAAATAGTGGGGTTTTTTATCCCCCTCATTTTGAAC

      XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

  600 GTAACGTGTTCTAGTATGGTGCTAAGGACTTTAAATAAGCCTGTTACTTTAAGCAGAAGC

      XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

  660 AAAATGAACAAAACCAAGGTTTTAAAAATGATTTTTGTCCACTTGGTCATATTCTGTTTC

      XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

  720 TGTTTTGTGCCCTATAACATCAACCTCATTTTGTATTCTCTCGTGAGAACACAGACCTTT

      XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

  780 GTTAACTGCTCTGTGGGGGCTGCAGTGAGAACGATGTACCCCATCACTCTCTGCATTGCT

      XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

  840 GTCTCCAACTGTTGCTTTGACCCCATTGTTTACTACTTCACTTCAGACACGATCCAGAAC

      XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

  900 TCAATAAAGATGAAGAGCTGGTCTGTTAGAAGGAGTGACTCCAGGTTCTCTGAAGTTCAG

      XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

  960 GGCACCGAGAATTTTATCCAACACAACCTACAGACCTTAAAAAATAAGATATTTGATAAT

      XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX              <<<<<<<<<<<<<

 1020 GGATCCGCAATATAA

      <<<<<<<<<<     

KEYS (in order of precedence):

XXXXXX excluded region

>>>>>> left primer

<<<<<< right primer

Statistics

         con   too    in    in          no    tm    tm  high  high        high      

         sid  many   tar  excl   bad    GC   too   too   any    3'  poly   end      

        ered    Ns   get   reg   GC% clamp   low  high compl compl     X  stab    ok

Left       1     0     0     0     0     0     0     0     0     0     0     0     1

Right      1     0     0     0     0     0     0     0     0     0     0     0     1

Pair Stats:

considered 1, ok 1

primer3 release 1.0

Contact

Steve Lenk

slenk@emich.edu
No warranty is offered. There is no guarantee that any solution obtained will be correct or useful. Under no circumstances will Steve Lenk be held responsible for any use of this software, any consequence of its use, or any documents associated with it.
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