ARB workshop 

Tutorial 6: Probe and primer design


NOTE: Throughout the tutorials, items requiring actions from you are denoted by >> and items which you should select or click on are bolded.

Keep in mind before designing a specific primer or probe:

· You need to work with an updated database, and preferably the latest release of the SILVA database.  You’ll need a computer with 4GB of memory.

PROBE DESIGN
>> Update your PT_Server using Probes | PT_Server Admin and select the name of your server.  Select Build Server and DO IT at the warning message.  Be patient for several minutes while your server builds (this will take hours for a large database).

>> Choose one or several closely related sequences as your target sequence(s) for probe design.  Only choose full length sequences. Mark the sequences by clicking on the mark icon and left clicking on the species
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>> Launch the probe design tool by selecting Probes | Design probes.
· Identify your PT-Server (probably user 1)

· Change ‘Min. group hits %’ to 100% to target all members of the group

· Keep in mind: if you have short sequences, increase the number beside ‘Max non group hits’ to allow for unmarked ‘short’ target group members which may be present in your dataset (none present for this exercise)
· Leave all other criteria as the default.  Select GO.  Your window should look like this:
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A status window will appear.  Be patient, as the probe search may take several minutes.  When the search is complete, a PD result window should appear.
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Below is an overview of the PD Result window:

Target string: The sequence the probe is targeting.  This is the reverse complement sequence of your probe. 

le: Length of the probe

apos: absolute probe position, probes are grouped by letters (A, B, C, etc.) according to target site with the ‘best’ probes listed first.  Overlapping probes are represented as + or -.  The ‘best’ criteria takes into account the theoretical melting temperature and specificity.

ecol: probe position relative to the E. coli alignment

grps: number of sequences covered by the probe

G+C: GC content of the probe

4GC + 2AT: theoretical melting temperature

Probe sequence: this is the probe sequence written 5’ – 3’

Decrease T by n*.3C: provides information about the theoretical specificity of the probe.  By decreasing the optimal hybridization temperature n x 0.3 °C (n = sum of the columns), the numbers indicate non-target sequences in the database which would theoretically hybridize with the probe.

>> Match and review the probe design results by highlighting a probe sequence and selecting the Match button.  When the PROBE MATCH window opens, select the Match button.  The PROBE MATCH window opens and displays the sequences which match the selected criteria.  For the below example, only two sequences contain zero mismatches to the probe:
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>> Change the Search depth button to Search for one mismatches and press the Match button.  Additional species(s) may appear that contain one strong mismatch, as in the example below:
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Each time you update the Match window by pressing the Match button, the species that the probe matches will be marked on the currently viewed tree.  While examining the different probe varieties (A+, A-, B+, etc….). Pay special attention to the:
· Location of mismatches (terminal mismatches are weak)

· Strength of mismatches (lowercase mismatches are weak) 
>> Next, change the Search depth button to Search for two mismatches and press the Match button.  You will probably find many more mismatches, as viewed in the example below:
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>> Mismatches should generally be in the middle of the sequence, so try different varieties of the probe to locate one with an ideal mismatche (strong mismatches located in the center of the sequence).

>> If you find a good probe, you can print the mismatch table to a postscript file and save it on your computer for future reference.  

EXAMINING THE SPECIFICITY OF YOUR PROBE
A number of web-based resources are useful to check the specificity of your probe.  It is especially important to check these resources if you are working with a truncated or older database.

Probe Check

Probe Check is a useful first-check tool to examine the specificity of your probe against the SILVA or Greengenes database (Note: the most recent SILVA database is not available for use with Probe Check).  

>>Go to the following website:

http://131.130.66.200/cgi-bin/probecheck/probecheck.pl
>> Paste your probe sequence in and search for matches in your database of choice.

GenBank/BLAST

BLAST is a very useful tool to search the target string against the GenBank database. Conduct a BLAST search with your target string.  

>> Open the BLAST search webpage:

http://blast.ncbi.nlm.nih.gov/
>> Under Basic BLAST, choose nucleotide blast.  In the first box, type in your target string (not the probe sequence).  Under choose dataset, choose nucleotide collection (nr/nt).  Click the BLAST button at the bottom of the page.
The results window will display any sequences matching your target string.  You should bring any matching sequences into your database, and use these sequences to help choose a more specific probe.  See Tutorial 4 for more information about exporting sequences from GenBank and importing into ARB.

Probe Match

Another similar and useful resource is the Ribosomal DataBase Project’s Probe Match website.  

>> Open the following website: http://rdp.cme.msu.edu/probematch/search.jsp
>> When the website is open, type in your probe sequence, and press the Search button.

The RDP Probe match search results the number of species matching your probe sequence AND the phylogenetic classification of these sequences.  This is a very helpful resource for understanding which species or groups of species your probe might be targeting. 

PRIMER DESIGN - BACKGROUND

Similar criteria listed on the top of page 1 of this tutorial apply to designing primers – you should have an up to date and comprehensive database.  Remember, you will be selecting two primers, one flanking each end of the target DNA.  Things to keep in mind include:
—The primers must have a sequence that is complementary to the target DNA. 

—Choose primer sequences that are completely specific to the target DNA. 

—Evaluate number of mismatches (as in probe design).
—Mismatches are ideal when on the ends of sequences.
—The primers must have similar melting temperatures.

—Primers should be 18-24 basepairs long.

DESIGNING PRIMERS IN ARB
>> Select (NOT mark) your species of interest using the selection arrow and clicking on your species of interest (one problem: as far as I can tell this only allows one species to be selected at a time).
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>> Select Probes | Design Primers.  It should open the PRIMER DESIGN menu:
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>> On the right side of the menu, select the Species button.  This should update the design primers window with information about your selected species.  The other boxes in the window correspond to the following:

L & R positions: specifies start positions & ranges for searching (position field in alignment window)
Primer length: min and max length to consider for the primers

Primer distance: min and max basepair range between the two primers
G+C ratio: range of GC-ratio of primers to consider in percent(G+C)/(total bases *100)

Temperature: melting temperature based on 4GC + 2AT
Min. dist to next match of primer: if a primer is found again within this range it is ignored (see HELP for more about this category)

Expand IUPAC codes: turns the expansion of IUPAC codes on or off.  For example, if checked, TTRC is expanded to TTAC and TTGC

G+C-factor / temperature factor: (weight of GC) / (temperature while evaluation of possible primer pairs)
>> Change any of the above listed criteria as needed, then select GO.

>> A Primer Design RESULT window will appear:
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The columns of the Primer Design RESULT window correspond to the following:

Rating: It is not clear how this is determined or what it means

Left primer: left primer sequence, written 5’ – 3’

Pos: Start position of the primer

Len: length of the primer

G/C: GC content ratio (see above for more explanation)

Tmp: Melting temperature

Right primer: right primer sequence, written 5’ – 3’

>> Next, determine the specificity of your primer pair using web-based resources such NCBI’s BLAST, Probe Check and the Ribosomal Database Project.

Note: The Primer Design tool does not allow you to search for possible mismatches in your database.  You may also consider using the Probe Design menu for primer designs because it contains this added utility.

WEB-BASED RESOURCES FOR PRIMER DESIGN

Web-based resources are also available for designing primers. Here is one example:

Primer-BLAST: use this tool to design primers without an ARB database

http://www.ncbi.nlm.nih.gov/tools/primer-blast/
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