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 Customer and  Technical Support

Reach Us On the Web
Idaho Technology’s Web site is - http://www.idahotech.com

We strongly encourage users to visit our Web site for answers to frequently 
asked questions, updated information and additional insights into operating 
the LightScanner System.

Reach Us By E-mail
You may contact Idaho Technology by e-mail. The e-mail should give us contact information, such 
as your phone number and address and whether you want us to send you e-mail in response. It 
should also include information such as the name of the product and the serial number.

If you have technical questions, want to schedule maintenance or repair, or you need a return 
material authorization, please send us an e-mail at:

 support@idahotech.com - Customer Support
 
If you want information about sales, pricing, or quotes, or if you have questions about your order, 
please send us an e-mail at:

it@idahotech.com - General Support

Reach Us By Phone
Technical support is available during the following times:
 8 a.m. to 5 p.m. - Mountain Standard Time

For technical support call:
 1-800-735-6544 - Toll Free (United States and Canada)
 (801) 736-6354 - Utah
 +1-801-736-6354 - International

Reach Us By Fax
To contact Idaho Technology by fax, use the following numbers:
 1-801-588-0507 - United States and Canada
 +1-801-588-0507 - International
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  Defi nitions

Function Description

 Single Amplicon This is a primer design module that can be used for designing individual 
primer sets.  No assumptions are made about exon regions. This module 
has all the functionality of the scanning primer design module in terms 
of sequence definitions (single nucleotide polymorphisms [SNP], repeat 
regions, etc.), and primer design constraints are identical to the scanning 
primer design module.

 Scanning Primers This module is tailored to design all of the scanning primers required 
to cover every exon of a given gene. Exons are defined as regions of 
upper case letters. Exon boundaries can be read directly from GenBank 
files or text files with the exons already converted to upper case. Primers 
can be designed using common amplification conditions for every exon 
or the design conditions can be adjusted for each exon individually.  
Primer sets are ranked and scored by individual pairs as well as by their 
compatibility with the entire group of primer set chosen to cover the 
entire gene. Primer melting temperatures and reaction conditions are 
adjusted for the LCGreen® family of double strand DNA binding dyes.

 5' Exclusion Buffer This parameter defines the length of the 5' exon-intron boundary that 
is excluded from the search region. No primers will be placed over this 
boundary, allowing the scanning amplicon to include splice sites as well 
as the exonic region. The default length of the 5’ exclusion buffer is set 
to 5 bases; however, this value can be manually increased to suit user 
preferences.

 3' Exclusion Buffer This parameter defines the length of the 3’ exon-intron boundary that 
is excluded from the search region. No primers will be placed over this 
boundary, allowing the scanning amplicon to include splice sites as well 
as the exonic region. The default length of the 5' exclusion buffer is set 
to 5 bases, however this value can be manually increased to suit user 
preferences.
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Function Description

 Minimum Overlap For high-resolution mutation scanning it is desirable to keep amplicon 
sizes below 400 base pairs. The software will automatically divided large 
exons into multiple amplicons in order to obtain the optimal amplicon 
length.  The minimum overlap parameter defines the length of double 
coverage from adjacent amplicons when an exon is broken up into mul-
tiple fragments. The default value for this parameter is set to 5 bases 
because empirical evidence has shown that mutations that are 3–5 
bases away from the 3' end of a primer can still be detected by high-
resolution melting.

 Primer Tm This is the predicted melting temperature (Tm) of the primer. The func-
tional Tm of an oligonucleotide may be increased by as much as 5–10 ºC 
in the presence of LCGreen dye. It should be noted, however, that this is a 
theoretical value, and an annealing temperature gradient PCR experiment 
is strongly recommended to determine empirically the optimum annealing 
temperature for each primer set.

Minimum/Maximum 
 Primer Tm

The software allows users to specify a Tm range when selecting primer 
pairs. The recommended Tm range is usually about 5 ºC (example, 60–65 
ºC). The software will search for the best primer sets within this range, 
while always matching the Tm of the forward and reverse primers within 
each set.  This allows for maximum flexibility in design while still maintain-
ing stringency. (We do not recommend using a Tm range of ≥ 5 ºC when 
searching for primers due to the overwhelming number of primers that will 
be generated.) 

 Primer Score The software scores each primer set against a hard-coded set of design 
filters. Scoring is based on penalties with a perfect score (no penalties) 
equal to zero. Scores with 2–4 digits are coded green (good), scores 
with 5 digits are scored orange (moderately good), and scores with more 
than 5 digits are coded red (avoid if possible).

 Primer Rank Primer sets with the lowest score (fewest penalties) are ranked the high-
est. Primer sets are displayed by rank in the summary results table.

 Primer Sets Primer sets consist of a single forward and reverse primer. Set scores 
and rank reflect the compatibility between the two primers that comprise 
a single amplicon.

 Primer Groups Primer groups consist of multiple primer sets that are needed to cover 
a large exon or region. Compatibility scores and rank for primer groups 
help the user decide what primer sets can be used under the same 
amplification conditions in order to cover a large exon.

 Alignment The position of a set of primers within the sequence context relative to 
the region the primers are designed to amplify.
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Function Description

 Cross-
complementarity

The inter- or intra-molecular interactions of oligos within a given primer 
set. Additional oligos (e.g., probes) can be added to the analysis if nec-
essary.

 Delta G The thermodynamic stability of the inter- and/or intra-molecular interac-
tions between a set of oligonucleotides.

 Fixed Oligos User-defined oligo sequences that can be scored by the software to 
determine their suitability for PCR.

 Additives Chemical additives such as dimethyl sulfoxide (DMSO) or Betaine that 
are routinely included in PCR reactions to lower the melting temperature 
of the double-stranded DNA in the reaction. Additives are recommended 
for high resolution melting with LCGreen dye when amplicons have a 
GC content greater than 65%.
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 Intended Use and License Agreement

Intended Use
The LSPD software enables users to design primer sets for mutation scanning and discovery 
using the LightScanner instrument.  The primary application is for designing primers that amplify 
every exon of a given gene specifically for high-resolution melting. A secondary application is the 
more traditional primer design workflow for the design of single amplicons.

 End-user License Agreement for Software

This End-User License Agreement is a legal agreement between you (either an individual or an 
entity) and Idaho Technology, Inc. (Idaho Technology), the manufacturer of the LightScanner 
system. If you do not agree to the terms of this Agreement, you may not install, use or copy 
the SOFTWARE contained in this product and you must promptly contact Idaho Technology for 
instructions on return of the entire LightScanner System and SOFTWARE for a refund.

1. Ownership of the Software
 This SOFTWARE and the accompanying written materials are owned by Idaho Technology and 

are protected by United States copyright laws and international copyright treaties, as well as 
other intellectual property laws and treaties. The SOFTWARE is licensed, not sold.

2. Grant of License
 Idaho Technology grants to you a LICENSE to install and use the SOFTWARE on one or more 

computers, provided that all users are at a single working location. Use of the SOFTWARE 
at multiple working locations will require a separate License for Multi-site Use from Idaho 
Technology for each additional working location.

 You may not copy the SOFTWARE onto a portable diskette or storage device except for one 
copy of the SOFTWARE in machine readable form solely for backup purposes, provided you 
reproduce Idaho Technology’s copyright notice and any proprietary legends. You may not copy 
the written materials.

3. Restrictions on Use and Transfer
 You agree to secure and protect the SOFTWARE and any copies in a manner consistent 

with the maintenance of Idaho Technology’s rights in the SOFTWARE and to take appropri-
ate action by instruction or agreement with other users who are permitted access to the 
SOFTWARE in order to fulfill your obligations under this LICENSE.

 You may permanently transfer the SOFTWARE and accompanying written materials (includ-
ing the most recent update and all prior versions) provided (1) you retain no copies and (2) the 
transferee receives this Agreement AND agrees to be bound by its terms. Such a transfer ter-
minates your license. 
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 You may not export or re-export the SOFTWARE or any underlying information or technology 
except in full compliance with all United States and other applicable laws and regulations.

 You may not rent, lease, or loan the SOFTWARE or otherwise transfer or assign the right to 
use the SOFTWARE, except as stated in the preceding paragraph. The SOFTWARE may 
contain trade secrets and in order to protect them, you may not decompile, reverse engineer, 
disassemble, or otherwise reduce the SOFTWARE to a human-perceivable form, in whole or 
in part. YOU MAY NOT MODIFY, ADAPT, TRANSLATE, RESELL FOR PROFIT, DISTRIBUTE, 
NETWORK, OR CREATE DERIVATIVE WORKS BASED UPON THE SOFTWARE OR ANY 
PART THEREOF.

4. Limited Warranty
 THIS  SOFTWARE  IS  PROVIDED  BY  IDAHO TECHNOLOGY INC.  “AS IS”  AND  ANY  

EXPRESS  OR  IMPLIED  WARRANTIES,  INCLUDING,  BUT  NOT  LIMITED  TO,  THE  
IMPLIED  WARRANTIES  OF  MERCHANTABILITY, NON-INFRINGEMENT,  AND  FITNESS  
FOR  A  PARTICULAR  PURPOSE  ARE  DISCLAIMED.  IN NO EVENT  SHALL  IDAHO 
TECHNOLOGY INC. 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.

5. Termination
 Without prejudice to any other rights, Idaho Technology may terminate this LICENSE if you fail 

to comply with the terms and conditions of this LICENSE. In such an event, you must destroy 
all copies of the SOFTWARE and all of its component parts.

 For questions concerning this license or this limited warranty, you may contact Idaho 
Technology by writing to: LightScanner Software License Services, Idaho Technology, Inc., 390 
Wakara Way, Salt Lake City, UT 84108, USA.

Notices and Disclaimers
Idaho Technology makes no warranty of any kind with regard to this material, including, but not 
limited to the implied warranties of merchantability and fitness for a particular purpose. Idaho 
Technology shall not be liable for errors contained herein or for incidental consequential damages 
in connection with the furnishing, performance, or use of this material.
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CHAPTER 1: 

INSTALLING THE SOFTWARE

 Hardware Requirements
Operating system Windows XP/ Windows 2000
CPU 80 GB or greater
RAM 512 MB or greater
Display 1024 x 768 or 1280 x 1024
Connections Network card*
*Optional: Internet access will be required to perform BLAST searches.

 Installation Instructions
The LightScanner Primer Design (LSPD) software is automatically installed on the computer that is 
used to run the LightScanner instrument. Users may install the application on independent comput-
ers that meet the minimum requirements, if desired, using the installation disk.

Insert the LSPD software CD into the CD-ROM drive of the computer.1. 
The installation wizard will display a welcome window and guide you through the installation process. 2. 
Select Next to move to the next window.
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CHAPTER 1: Installing the Software

The 3. License Agreement window is displayed. After reviewing the agreement, select Yes to con-
firm and move to the next window. Selecting No will terminate the install process.  

The 4. Choose Destination Location window opens. Select a location for the software by using 
the Browse button or leave on the default—C:\Program Files\IdahoTech. Select Next to con-
tinue.
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The 5. Select Program Folder window will open. The Desktop icon allows you to start the applica-
tion by double-clicking an icon on your desktop and is useful for frequent users. The Program 
menu icon will appear in the Start > All Programs menu. Click Next to continue.

The 6. InstallShield Wizard Complete window opens. Select Finish to close the wizard.
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CHAPTER 2: Starting the Software

CHAPTER 2: 

STARTING THE PRIMER 
DESIGN SOFTWARE
The LSPD software enables users to design primer sets for mutation scanning and discovery using 
the LightScanner instrument.  The primary application is for designing primers that amplify every 
exon of a given gene specifically for high-resolution melting. A secondary application is the more tra-
ditional primer design workflow for the design of single amplicons.

Import  Sequence Formats 
Before you launch the software, you will want to create sequence files for import. The LSPD software 
will allow you to import sequence from the following formats: European Molecular Biology Laboratory 
(EMBL), FASTA, GenBank, or regular text files. 

When designing amplicons that cover all exons in a given gene, the most important thing is to cor-
rectly identify the boundaries of each exon. Two common ways of obtaining this information is either 
through annotated GenBank files (http://www.ncbi.nlm.nih.gov/sites/entrez) or through the University 
of California-Santa Cruz (UCSC) Genome browser (http://genome.ucsc.edu). 
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The LSPD software is configured to read files from both sources. Annotated GenBank files opened 
with the software are displayed with the exon regions highlighted on the screen automatically.

For EMBL files, go to http://www.ebi.ac.uk/embl• 
For FASTA files, go to http://fasta.bioch.virginia.edu/fasta_www2/fasta_list2.shtml• 
For GenBank files, go to http://www.ncbi.nlm.nih.gov/Genbank/GenbankSearch.html• 

Launch the  Software 
Double click on the LightScanner icon on your desktop. The Front Screen displays.1. 

The user has three options to select from: 2. 
Single Amplicon—This is a primer design module that can be used for designing individual a. 
primer sets.  No assumptions are made about exon regions. This module has all the func-
tionality of the Scanning Primers design module in terms of sequence definitions (single 
nucleotide polymorphisms [SNP], repeat regions, etc.), and primer design constraints are 
identical to the Scanning Primers design module.
Scanning Primers—This module is tailored to design all of the scanning primers required to b. 
cover every exon of a given gene. Exons are defined as regions of upper case letters. Exon 
boundaries can be read directly from GenBank files or text files with the exons already con-
verted to upper case. Primers can be designed using common amplification conditions for 
every exon or the design conditions can be adjusted for each exon individually.  Primer sets 
are ranked and scored by individual pairs as well as by their compatibility with the entire 
group of primer set chosen to cover the entire gene. Primer melting temperatures and reac-
tion conditions are adjusted for the LCGreen® family of double strand DNA binding dyes.
Open Analysis File—Open an existing file and work with the data.c. 
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3. Select Open Analysis File from the Front Screen menus. The Sequence screen displays. From 
the Sequence menu, select Import Sequence.

4. Find and select the desired file, click Open.
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The sequence will appear in the display window. The software reads the exon annotations imported 
from GenBank .htm files, finds the exons, automatically converts them to uppercase and highlights 
the exons on the screen for easy viewing. The software recognizes any uppercase letters as exons, 
so text files imported from the UCSC Genome Browser with exons annotated in uppercase will also 
be read correctly.  

 Note: The sequence must contain at least 200 bases of sequence upstream of the first exon and 
downstream of the last exon in order for the software to recognize these exons correctly.
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CHAPTER 3: 

ANNOTATING SEQUENCES

Defi ning Exons, SNPs and Regions
It is often useful to manually annotate a sequence with known single nucleotide polymorphisms 
(SNPs), regions, or exons. The primer design software can be directed to design primers that cover 
these annotated sites, avoid them, or ignore them. All annotations will be saved with the file once the 
analysis is complete.

Defining an  Exon
If you have imported a file with the exons in uppercase, there is no need to manually define the 
exons. If you have imported a normal text file and want to define the exons manually, highlight the 
sequence in the window and select the Add Exon button. A pre-filled dialog box will open.

You have the option of renaming the exon and entering a description of the exon for record keeping. 
An exon is automatically designated as a target to be covered by primers unless the Target box is 
manually unchecked.
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Alternatively
1. Select the Annotations sub tab, and then select Add Exon. The Edit Exon dialog box opens.
2. Enter the information to define the exon name and location (or leave default name), click OK.

Defining  SNPs

Highlight the SNP in the sequence window and select the 1. Add SNP button, or select Add SNP 
from the annotations sub tab.
If the SNP was highlighted in the sequence window, the data is pre-entered in the dialog box. 2. 
You have the option of renaming the SNP; choosing whether the SNP should be covered, avoid-
ed, or ignored; or entering a description of the SNP for record keeping. 
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Defining  Regions

In the sequence window, highlight the region of interest and select 1. Add Region or select the 
Add Region button in the Annotations sub-tab.
The data from the highlighted region is pre-entered in the dialog box. You have the option of 2. 
renaming the region, or choosing whether the region should be covered, avoided, or ignored. A 
description of the region can be entered for record keeping. 

Repeat steps above as needed to define additional exons, SNPs, and regions. 3. 

Inserting Text in a Sequence

View the sequence of choice. If the 1. Sequence locked option is checked, uncheck it and select 
the Insert option. 
Place the cursor at the location where the new sequence information is to be inserted and either 2. 
type the new characters or paste a copied sequence.

Replacing a Single Sequence Character

View the sequence of choice. If the 1. Sequence locked option is checked, uncheck it and select 
the Replace option.
Place the cursor to the left of the character to be replaced and type in a new character.2. 
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CHAPTER 4: 

DESIGNING PRIMER SETS
Once the sequence is imported into the software and the exons are coded, each exon will be as-
signed a tab at the top of the screen. A common set of design parameters will be used to design 
primers for every exon. Exons that are larger that the recommended size for scanning amplicons will 
be broken up into two or more fragments for optimum results. The Search All button will find scan-
ning primers for all exons with no further user input required. 

Using Common  Design Parameters
Default settings are used to design primers for every exon. The default settings can be accessed 
through the Settings Menu. 

The user can also define common scanning settings by selecting Common Scanning Settings 
from the Settings menu. The user can modify the common settings by typing directly into the fields. 
These modified settings will be saved and used in all future analyses.

The settings options are as follows:

Minimum and maximum •  amplicon size: Recommended amplicon sizes for scanning are be-
tween 100 and 400 base pairs.
Minimum and maximum •  primer Tm: A primer melting temperature (Tm) range can be used for 
optimal primer selection. This increases the possibilities for primer selection while still retain-
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ing stringency. Individual primers in assigned pairs will always be matched for Tm, but multiple 
primer pairs will be generated that have Tm that fall within the defined range.
5' and 3' •  exclusion buffer: This is the number of nucleotides on either side of the exon boundary 
excluded from the analysis. The default value is 5; however, in some cases, users may increase 
the value to avoid placing primers over exon-intron boundaries of interest.
 • Minimum overlap: For large exons, the primer design software will generate more than one 
amplicon to cover the entire region of interest. The minimum overlap value indicates the num-
ber of overlapping bases that will be covered by adjacent amplicons. A minimum of 1 base is 
required to avoid missing polymorphisms that may be found on the ends of the amplicons.
Forward and Reverse •  primer concentrations: The primer Tm calculations are influenced by the 
concentration of primers used in the reaction. Enter known primer concentrations or use the 
defaults in the software. Recommended primer concentration ranges are between 0.2 and 0.4 μM.

When using common design parameters for all exons, the next step is to select the Search All button. 
This will activate a primer search for every exon, with no further user input required.

Customizing Design Parameters for  Individual 
Exons
The design parameters for individual exons can be customized by selecting the individual exon tab 
at the top of the screen. This will bring up a set of Experiment Settings functions that can be modi-
fied manually. These include amplicon size, primer melting temperature range, primer size, the size 
of the region bordering the exon where no primers should be placed (exclusion buffers), the required 
overlap between amplicons if the exon is broken into multiple amplicons, and the composition of the 
Master Mix that is used.  

Select the Search button to begin the primer search. The software will discover primer sets within 
the search regions for each amplicon and rank them, displaying them in descending order.
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Alternatively move to the Search Region tab. Verify that the region is defined correctly and select 
the Search button or move directly to the Primer Sets tab.

(Optional) Select Show Sequence to show the entire length of the sequence on the chart with all 
exons indicated. The button label will change to Show Near Exon (or Target). Selecting this button 
again will redisplay the area near the current exon.
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To adjust the search regions for an  amplicon, activate the search region tab and then
Drag the pink and blue bars left or right to move the search regions1. 
Drag the boundaries of the bars to widen or narrow the regions2. 
Edit the Start and End fields below the chart to change the region boundaries.3. 

After adjusting the boundaries, select Search or select the Primer Sets tab. The software will dis-
cover primer sets within the search regions for each amplicon and rank them, displaying them in 
descending order.

Evaluating Your Existing Primer Sets Using the 
LSPD Software

If you already have a primer set(s) for your target, you may evaluate it for compatibility with LCGreen 
Plus dye and view the recommended PCR conditions.

Before you begin, obtain the sequence for the amplicon of interest including sequence upstream and 
downstream, as well as your primer set sequences.  

Open the Primer Design software and select 1. Single Amplicon from the front screen.
Paste the sequence into the sequence window.2. 
To access the Target, Search Region, and Primer Sets tabs required for analyzing your primers, 3. 
you must either define the amplicon by selecting the Define Amplicon button and selecting the 
bases that comprise your amplicon 
OR 
Select the Add SNP button and define an arbitrary base within the amplicon as a SNP. 

 Note: Define an amplicon by selecting the Define Amplicon button and highlighting the region 
of the amplicon in the sequence display box. Define a SNP or a single base by selecting Add SNP.  
Be sure to have the SNP selected as the target. This will enable the Target, Search Region, and 
Primer Sets tabs.
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Select the 4. Target tab then select Fixed Oligos.
Highlight the forward and reverse primer sequences or type the sequences into the Forward and 5. 
reverse primer text boxes. The sequence will automatically be highlighted.

Select 6. OK. This will take you back to the target screen.

Select the 7. Primer Sets tab. The software will analyze your primer set. 
Use the color of the score to determine whether you have an acceptable primer set (green = good, 8. 
yellow = acceptable, and red = poor).
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From the 9. Primer Sets screen you may do a Cross Comps check and BLAST your primers.



< 19 >LightScanner Instrument < > Primer Design Software Manual < > REV 01

CHAPTER 5: Results

CHAPTER 5: 

RESULTS

View Summary Results 
Select the top-level  Results tab to view a list of the highest scoring primer set for each exon. A 
summary screen displays the best scoring primer for each amplicon in tabulated format.  The table 
shows the amplicon length, GC content, primer positions, lengths and melting temperatures, the 
recommended annealing temperature for the PCR (adjusted for the presence of LCGreen dye), rec-
ommendations for the use of additives (usually dimethyl sulfoxide [DMSO]) based on amplicon GC 
content, and the recommended temperature gradient that should be run for PCR optimization.  

Primers displayed in green are good-scoring primers, orange indicates primers with moderately • 
good scores, and primers in red are considered poor-scoring primers.
Highlight a single primer set to view the set details. The primer placements and amplicon size • 
are displayed graphically on the lower part of the screen. Details on primer sequence, position, 
and length, GC content, melting temperature, and stability (Δ G) are displayed numerically below.
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View Results for Individual  Exons

Go to the individual exon tab and choose the Primer Sets sub-tab.  
The software searches for up to 1000 primer pairs for each exon and displays the top 5 unique 
selections under the individual exon tabs.  All primer pairs can be viewed by changing the display 
option under the Settings menu (Top 50 Sets, Show All Sets, Limit Sets).  

Select the check box next to a primer set to include that set in the final results. Only one check box 
can be selected per exon. 

Saving and Exporting  Data

The summary results data generated after a search can be exported in a spreadsheet format for 
data archiving or can be stored as a primer design file (*.spd file) that can be accessed through the 
software.
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To export data, use the “Export to CSV” option from the Sequence menu and give the saved file a 
name. The file can then be opened in MS Excel.

 BLAST Searches
Checking Sequence Alignment
To locate the position of the primers in the context of the entire sequence, highlight the amplicon in 
the screen and click on the Alignment button. 

Checking   Cross-Complementarities
To view primer cross-complementarities click on the Cross Comps button.
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Checking  Specificity
If you are connected to the Internet, BLAST the primer sequences directly by clicking on the BLAST 
button to check the specificity of the design.
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Menu Options 
Sequence Menu

Import Sequence• —allows users to open a file for analysis.
Export• —If you are in the sequence input screen, you can export the sequence in FASTA format.  
Alternatively, if you are in the Results tab, you can export all the primer selection information in 
CSV format that can be opened in a spreadsheet program such as Excel.
Exons to Uppercase• —if you are in the sequence input screen and the sequence is annotated 
with the exons in uppercase, this function will automatically highlight the uppercase characters in 
green and mark them as exons, opening exon tabs for each selection.
Find• —opens a dialog box where a signature sequence can be entered.  The software will 
search the input sequence for this signature sequence.

 Settings Menu

Single Amplicon Primers• —Used to switch between design applications
Scanning Primers• —Used to switch between design applications
Sequence/Target Comments• —This calls up a field that can be used to insert comments about 
the sequence or the analysis. Comments will be saved with the file for future reference.

• 
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Common/Target Settings• —These are the default settings used for primer design in either the 
Scanning Primer mode (Common settings) or the Single Amplicon mode (Target settings).  The 
settings can be modified by the user and saved as the defaults.
Show Oligos Uppercase• —Normally the bases within an exon are displayed in upper case and 
the bases in introns are displayed in lower case letters.  All of the oligonucleotide primers can be 
displayed in upper case regardless of location by choosing this option.
Top 50 Sets• —Shows the top 50 primers selected by the software. Some of these primer sets 
may have the forward or reverse primers in common and are thus considered to not be unique; 
all primers are ranked by score.
Limit Sets• —Shows the top 5 unique primer sets found by the software. These sets should have 
no primers in common and will be ranked by score.
Show All Sets• —Shows up to 1000 sets of primers selected by the software, including the low-
est ranked sets. 

 Tools Menu 

 • Fixed Oligos—The user has the option of manually entering primer sequences and allowing the 
design program to score the results. This can be useful when deciding whether to use available 
primers or embark on a redesign. The fixed oligo feature can also be accessed from every Exon 
tab at the top right-hand side of the Target subtab.
 • Cross-Comp Tool—When a primer set is highlighted in the Results tab, the Cross-comp tool 
can be used to examine the complementarities between the oligos, including self-complementar-
ity.  Cross-comp scores are part of the overall scoring of the primer set and can be a useful clue 
as to why a primer set has scored poorly. Users have the option of modifying the default param-
eters used for scoring, including the minimum acceptable length of any complementarities at the 
3' end and also across the length of the primer; as well as the acceptable Δ G. A useful feature 
of the Cross-comp tool is the ability to include an additional oligo, for example a probe, to check 
for interference. The software will return any complementarity between the additional oligo and 
the primers as well as the stability (Δ G) of the interactions, if any. 
BLAST• —This will open a window that can be used to manually enter sequences for a Forward 
and Reverse Primer. The various NCBI Databases against which the sequences will be queried 
can be selected using the pull down menu. Use the “Select From” pull down menu to choose 
the organism against which the sequence is queried.  Selecting “Okay” sends the request to the 
NCBI BLAST web site.  When the request has been received, your internet browser opens to 
the NCBI BLAST home page.  The page displays results when the search is complete.
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Import Current Selection will bring up the BLAST dialog box with the selected primers entered 
into the Forward and Reverse Primer Sequence fields.
Search All• —Performs the same function as the button on the Sequence tab. By selecting 
Search All the software will discover all primers for the annotated exons.
Search Current• —is active if a single exon tab is activated.  Primers will be selected for the 
selected exon.
Search Selected• —Will bring up a dialog box with a list of all the exons that were discovered 
within the sequence with a check box next to each exon.  The user has the option of selecting 
specific exons by using the check boxes next to the name of the exon, limiting the searches to 
only the selected exons.
Annotations• —users can access the same functions as described in Chapter 3, Defining Exons, 
SNPs and Regions.
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CHAPTER 6: 

DESIGNING  LUNAPROBES™
The LSPD Software may be used to design LunaProbes. LunaProbes are unlabeled probes used 
in genotyping applications. This chapter will explain how to design a probe in the same Tm range 
(60–65 °C) as your primers with minimal cross-reactivity.

 Design Your Primers
Before you begin, design your primers for your target. 

Open the Primer Design software and select 1. Single Amplicon from the front screen.
Paste the sequence into the sequence window.2. 
Define the SNP of interest by selecting 3. Add SNP. Be sure to have the SNP selected as the target.
Move to the 4. Target tab.
Use the following experimental settings:5. 

Maximum amplicon size 250 bp• 
Primer Tm between 60–65ºC• 
15 bp exclusion buffer on both the 5' and 3' end• 
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Search for primers by selecting the 6. Search button.
Choose the desired primer set from the list by highlighting and then select 7. Fixed Oligos.   

Return to the sequence tab, the primers will be highlighted in blue in the sequence window.8. 

Select the amplicon sequence as well as some sequence surrounding the amplicon and copy • 
the sequence. 
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Save the file by going to the 9. File menu and selecting Save or Save As. We will call this docu-
ment the ‘amplicon document.’
Minimize the amplicon document.10. 

 Design Your Probe
1. Open a new LSPD Software window and choose the Single Amplicon module. Paste your frag-

ment into the new document.   

2. In the Sequence tab highlight the SNP, or mutation of interest, select Add SNP. In the dialog 
box, select the Target box and change Description to Cover. Select OK. The LSPD Software 
window will display a SNP tab.

3. Select Target tab to view target information.
4. Under Experiment Settings change 5' and 3' exclusion buffers to 0. 
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5. Select Fixed Oligos.
6. The Fixed Oligos screen will display. 
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Highlight the region over the SNP. We recommend designing the probe to match the variant 7. 
sequence. For example if a base change is C>T, with the T allele being the variant, design the 
probe to the sequence containing the T base. This will result in a perfect match between the 
probe and the variant template (T:A) giving the highest Tm melt. The advantage of doing this is 
that the wild-type now behaves like a single base mismatch, and any novel variant under the 
probe is the equivalent of a double mismatch. This makes it very easy to identify novel variants 
and differentiate them from the SNP of interest.
To determine if your probe should be on the sense or antisense strand, choose the mismatch 8. 
that is the most destabilizing. For base pair neutral mutations, either strand will work. See stabil-
ity ranking below.

General Ranking of Base Pair Stability

 Stable  G:C>A:T>G:T>G:A>T:T>G:G> A:A>C:C>C:T>C:A Unstable

Using the example above, if the probe is designed to the variant sense-strand, the probe wild-9. 
type duplex will harbor a T:G mismatch. If the probe is designed to the variant antisense strand, 
the probe wild-type duplex will harbor a C:A mismatch. Since a T:G mismatch is more stabilizing 
than C:A (see chart above), you would choose the antisense strand for the probe. This will give 
you the biggest Tm separation between the genotypes in the actual experiment.
If you choose the antisense strand for your probe, highlighting this region will display the 10. 
sequence in the Reverse Primer text box. A probe designed to the sense strand will be dis-
played in the Forward Primer text box.
Use the +, -, <, > keys after the oligo box to get required length and Tm. Recommended length 11. 
is 20–30 base pairs and recommended Tm is 60–65° C. 
Check the Tm. You may increase or decrease the oligo length to achieve the recommended Tm. 12. 
Make sure the SNP is at least 3 base pairs from the end of the oligo. 
Select 13. Show Fixed Oligos on Sequence. 
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Copy the probe sequence from the primer text box on the 14. Fixed Oligos page. Select OK.

Note:  The sense primer was moved and the SNP of interest is in the center of the oligo.

Go to the Sequence tab on the LSPD Software Screen; your probe will be displayed. Save this 15. 
search by going to the file menu and selecting save or save as.

Determining  Probe and Primer Compatibility 
Maximize the previously saved amplicon document window that contains the primers that will be 1. 
used with this probe.
Select the 2. Comments option located in the sequence information box on the right hand side of 
the page.
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Paste the probe sequence in the comments section of your amplicon document.  3. 

Do a cross-complementarity check between your probe and primer set: 4. 
Copy the probe sequence a. 
Move to the b. Primer Sets tab, select Cross Comps. 
On the c. Cross Comps screen, select Add and paste your sequence into the Sequence text 
box. 
If your probe lies on the anti-sense strand, select the complement strand box in the d. Edit 
Sequence box. 
Select e. OK.

All of the complementarities between the probe and the primers are now displayed in the 5. Cross 
Complementarity window.
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If your probe does not have any significant complementarities, order your probe from your oligo 6. 
house of choice. Be sure to add a C3 block or a phosphate on the 3' end.
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CHAPTER 7: 

DESIGNING A SMALL AMPLICON 
FOR GENOTYPING

The LSPD Software can be used to design small amplicons for  genotyping.  A small amplicon is a 
50–70 bp region in which the primers are designed adjacent to a known SNP.  This section will enable 
you to define a SNP within your sequence and design primers adjacent to the SNP of interest.

Launch LSPD software and select the 1. Single Amplicon button on the front screen. Go to 
Import Sequence and open the sequence file containing the SNP of interest, including at least 
100 bases upstream and downstream of the target SNP.

Once the sequence has been imported, highlight the target SNP in the 2. Sequence tab and press 
Add SNP. In the dialog box, select the Target box and verify that the SNP status is Avoid. 
Press OK.
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Select the 3. Target tab that appears and refer to the Experiment Settings at the right hand side 
of the screen. Verify that the Min and Max Amplicon Sizes range from 45–150 and change both 
the 5' and 3' exclusion buffers to 0. 

Select 4. Search for primer sets.

Under the 5. Primer Sets tab, a list of the calculated primers will be displayed with a correspond-
ing rank and score. Primers displayed in green are high scoring primer sets and most likely to 
be optimal in the defined range. Small amplicon primers can be successful with a fragment size 
ranging from 40–150 bases; however, 50–70 base fragments are ideal for this application. Try 
to select a primer set from the tabulated list with both high rank and score that falls within the 
50–70 base fragment size.  
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If the software does not return primers for amplicons in the desired size range, return to the 6. 
Search Region window and reduce the search regions to approximately 30–50 bases on either 
side of the SNP.  Select Search. 

Highlight optimal primer set and select 7. Cross Comps to check cross-complementarities. If con-
nected to the Internet, BLAST primer sequences to check the design specificity.

If primers do not display any significant cross-complementarities and are specific to the target 8. 
region, primers can be ordered.
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APPENDIX A: 

 QUICK GUIDE TO USING THE 
LIGHTSCANNER PRIMER DESIGN 
SOFTWARE

The LSPD software enables users to design primer sets that amplify small segments of large regions 
of interest. These primer sets can be added to the users’ gene files. The primers designed will only 
be used for scanning analysis.

Step 1. Launch the Software
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Step 2. Import a Gene Sequence 

From the 1. Sequence menu, select Import, and then select the file type. May import from 
European Molecular Biology Laboratory (EMBL), FASTA, GenBank, or regular text files. 

2. Find and select the desired sequence, click Open.

Exons will be highlighted and bases in exons will be converted to uppercase.  

 Note: The sequence must contain at least 200 bases of sequence upstream of the first exon and 
downstream of the last exon for the software to recognize these exons correctly
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Step 3. Search for Primer Sets Using Common Design Parameters
Select Search All to find scanning primers for all exons.

Step 4. View and Export Results

A results summary screen displays the best scoring primer for each amplicon in tabulated for-1. 
mat.  All of this data can be exported in a spreadsheet format for data archiving or can be saved 
as a primer design file (*.spd file) that can be re-opened in the software.
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To locate the position of the primers in the context of the entire sequence, highlight the amplicon 2. 
in the screen and select the Alignment button.  

To view primer cross-complementarities, select the 3. Cross Comps button in the results summary 
screen.

If you are connected to the Internet, BLAST the primer sequences directly, by selecting the 4. 
BLAST button to check the specificity of the design.
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APPENDIX B: 

GETTING ANNOTATED TEXT 
FILES FROM THE  UCSC GENOME 
BROWSER

The LSPD Software is able to read text files obtained from the UCSC Genome Browser with the 
exons converted to uppercase.  The following section is a brief guide to getting files of interest in this 
format.  
 

Go to the UCSC genome browser home page at 1. http://genome.ucsc.edu.
Go to 2. Gene Sorter and type in the name of the gene of interest.

Click on the description box.3. 
Find the 4. Page Index box and select Sequence. 
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From the next page choose 5. genomic (Chr information).

This will take you to a page where you can select how you export the gene sequence, for exam-6. 
ple: Exons in upper case, Promoter/Upstream 200 bp, Downstream 200 bp, etc. For the Light-
Scanner software to find primers for the last exon, you must have at least 200 base pairs down-
stream of the exon in your text file. Selecting submit will bring up the desired sequence with the 
exons displayed in upper case.
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Save the file as a text (.txt) file that can be opened with the primer design software.7. 
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