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Objectives: 

• Obtain & annotate genomic DNA and mRNA sequence information 
• Design primers for quantitative PCR (qPCR) analysis of cDNA library 

qPCR Primer Design using the IDT Primer Quest Primer Design Web Browser 
 
After break you will use your cDNA libraries to conduct quantitative PCR (qPCR) analysis of candidate 
genes that we choose from the CuffDiff output of DEGs. As we’ve discussed in class, qPCR primers 
require particular design parameters to ensure that the assay is quantitative. There are many freely 
available primer design web browsers that will allow you to easily set qPCR primer design parameters. 
Today we will use the IDT Primer Quest web browser (tinyurl.com/z4v6b25).  
 
To design qRT-PCR primers you will need the full genomic DNA sequence as well as the mRNA 
sequence for each gene of interest using the UCSC Genome Browser. Once you access these 
sequences you will copy/paste them as new files into the ApE sequence editor to annotate the exon 
junctions in the mRNA sequences. Finally, you will upload the mRNA sequence into IDT PrimerQuest 
and set parameters for designing qPCR primers specifically for RT generated cDNA template. This 
exercise will use the chicken Rhodopsin gene as an example to design qPCR primers. 
 
 
A. Obtain genomic & mRNA sequence from the UCSC Genome Browser (this should be review) 
 
• Search for your gene of interest (Rho) and navigate to the RefSeq or Ensembl gene information 

page by clicking on the gene symbol or gene number 
• Under Links to sequence, select Genomic Sequence from assembly 
• Select the following formatting options to gene the sequence with exons in upper case and 

introns in lower case, hit submit: 
 



	

Cold Spring Harbor Laboratory, DNA Learning Center, 1 Bungtown Road, Cold Spring Harbor, NY 11724  
 
 

2	

 
 
• Copy the full gene sequence into a new ApE file. Save the file as “gene name genomic DNA” 
• Navigate back to the gene information page using the back option in your browser 
• Under Links to sequence, select mRNA sequence 
• Copy the mRNA sequence into a new ApE file. Save the file as “gene name mRNA” 
 
 
You now have 2 ApE files that we will use to ID the exon/intron junctions. This is important because if 
possible, the primers we design will span one of these junctions so that only cDNAs and not 
contaminating genomic DNA will be amplified by our primer sets. This will obviously not be possible for 
genes containing only 1 exon.  
 
B. Annotating mRNA exon junctions in ApE Sequence Editor (note: if your gene has more than 5-6 
exons, only annotate the last 5 exons at the 3’ end of the gene; if your gene only has 1 exon then it 
doesn’t have any junctions to annotate) 
 
For each gene, open the gDNA and mRNA ApE sequence files side by side. In the genomic file exons 
are in upper case and introns are in lower case. The mRNA file contains only exonic coding sequence 
(all intronic sequences are removed and exonic sequences are joined together). With these 
commands you will annotate the exon junctions in the mRNA sequence using the information 
from the genomic sequence:  
 
(Note: occasionally the gDNA and mRNA sequences from UCSC don’t match up exactly and you will 
not be able to find the gDNA exon sequence in the mRNA. If this happens just move onto the next 
exon.) 
 
• Identify and highlight the last ~15-20 nt of exon 1. This does not have to be an exact # of nt but do 

not highlight any intronic sequence (this is more likely to work than trying to find the entire exon). 
• Copy this sequence (Ctrl C) 
• In the mRNA sequence do a search for the end of exon 1 (ctrl F to search, ctrl V to paste the 

exonic sequence into the search window, select find next).  
• The last highlighted nt indicates where the exon 1/exon 2 junction is located. Highlight the last nt of 

exon 1 and the 1st nt of exon 2 (only 2 nt should be highlighted).  
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• Annotate this junction by selecting New Feature from the Features tab 
• Name the feature (ie “exon 1/2 junction”) and leave all default settings and hit OK.  
• This will result in the exon 1/2 junction being highlighted blue (change the color if you want). Place 

your cursor in between the junction nt to ID the exact coordinate of the junction (The “Insert@” 
number at the top of the sequence indicates the location of your cursor at any given time).  

• Record this junction # in the comment box below the mRNA sequence (select the word bubble icon 
below the sequence window if this window is not visible) 

• Repeat these steps for all exon junctions. Separate the junction coordinates in the comment box 
with commas (Note: the last exon does not have a junction). We will use these junction coordinates 
later in the primer design software. 

• Save the file intermittently so you don’t loose all of your work (ApE is a bit buggy…but it’s also free) 
 
Your annotated mRNA file should look like this (nucleotides in blue indicate exon junction) with the 
exon junction coordinates in the notes box. These numbers have to be exact! 
 
 

 
 
This annotation indicates that the Rho mRNA sequence has 5 exons and 4 exon junctions at nucleotide 
positions 362, 531, 697, and 937. These junctions will be input into the primer design software in order 
to get primers that span a junction.  
 
 
C. Primer design in the IDT PrimerQuest web browser: 
 
There are a few general rules of thumb for designing any PCR primers: 
 

• ~18-30 nt long (determines specificity) 
• ~50% CG content (determines annealing temp) 
• terminal 3’ nt of oligo should be G or C (for DNA pol extension) 
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• low complementarity within or between forward and reverse primers 
 
There are 2 additional rules of thumb specifically for qRT-PCR primers: 

• individual F or R primers or the primer set span an exon junction 
• amplicon is short (~75-120 bp) 

 
As mentioned above, spanning exon junctions is to ensure that trace amounts of contaminating 
genomic DNA do not amplify in the qPCR reaction following cDNA synthesis. qPCR amplicons must be 
very short (~75-120 nt) in order to be quickly and efficiently synthesized by DNA polymerase. There are  
 
many websites and programs dedicated to primer design to help you follow all of these rules. I like IDT 
PrimerQuest but there are many similar programs that do almost the same thing. This portion of the 
tutorial will demonstrate how to generate primer sequences specifically using IDT PrimerQuest. 
 
 

 
 
• Navigate to the IDT Primer Quest web browser (tinyurl.com/z4v6b25) 
• Paste the mRNA sequence from your annotated ApE file into sequence entry box 
• Select “Show custom design parameters 
• Set Design Parameters for “qPCR Intercalating Dyes (primers only)” 
• Change the following Parameters: 

o Primer Tm (C): min=59; opt=60; max=61 
o Primer CG%: min=40; opt=50; max=60 
o Primer size (nt): min=17; opt=22; max=30 
o 3’ GC clamp (nt) = 1 
o amplicon size (bp): min=75; opt=100; max=120 

• Leave all other setting as default (these will ensure that primers have low complementarity to each 
other and themselves) 

• Paste the exon/intron junction coordinates that you calculated from your annotated ApE file into the 
“Overlap junction list” box 

• Select “Get Assays” 
 
This set of commands tells the program that we want primer sets that span an exon junction that we 
indicated, are ~22 nt long with ~50% CG content that anneal ~60C to template DNA creating a ~100 
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bp amplicon with a C or G at the 3’ end. The results page gives you a list of primer sets that fit your 
criteria as well as a gene map of where the sequences anneal. 
 

 
• Identify a suitable primer set for your gene (one that has Tms ~60C is ideal) 

 
*Note: cDNA synthesis will often yield incomplete cDNA copies of transcripts. Because of this it is 
optimal to choose primer sets nearer the 3’ end of a gene, especially if the gene is very long. 
 

• Select “View Assay Details” to view sequence information for each primer set 
• For each set, annotate the primer sequences in ApE. Copy the Forward primer in IDT and do a 

search for it in the ApE mRNA sequence.  
• Select New Feature from the Features tab in ApE and name it “gene_qF1 primer”.  Color the 

F primers red. 
• Copy and find the Reverse sequence (important: make sure that you copy the R primer from 

the top of the page in it’s 5’ to 3’ orientation and not the 3’ to 5’ version embedded in the 
sequence) 

 

 
 

• Select New Feature from the Features tab in ApE and name it “gene_qR1 primer”.  Also 
check the Rev-Com box and flip on reverse box to denote that the sequence is on the reverse 
strand. Color the R primers green (default setting).  
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• Under Features>>>Edit Features highlight your primer sequence annotations and lower them 
to the bottom of the list so that the exon junction annotations will be visible on top of the primer 
annotations.  

• Look at the text map view in ApE to ensure that your all of your annotations look good (Reverse 
primers correctly on the reverse strand; exon junctions layered on top of primer sequences) 

 

 
 
 
Lab Assignment 

 
This is an individual assignment in that everyone is responsible for designing and submitting their own 
qPCR primer set, however you are free to work in groups on this activity: 
 

• Design 2 F/R primer sets for a single significant DEG in the CuffDiff RNA-Seq data set.  
• The 2 primer sets should amplify different regions of the transcript (i.e. not too close to each 

other) 
• The gene you pick must have either a phototransduction or Notch signaling pathway GO Term. 
• Your primer naming should follow this convention: 

1. “Gg-gene symbol-RT-F1” 
2. “Gg-gene symbol-RT-R1” 
3. “Gg-gene symbol-RT-F2” 
4. “Gg-gene symbol-RT-R2” 

 
• After designing your primers, transfer your oligo information onto the assignment GoogleSheet 

(tinyurl.com/hfvhzhx)  
• Make sure to also include the following information about your primer sets on the GoogleSheet 
 

Gene Symbol |  Oligo Sequence 5'-3’  | amplicon bp  | up or down reg? | GO Term | Fold change 
 

• Save and submit your mRNA sequences with annotated exon junctions, a list of exon junctions 
in the text box, and annotated primers in the “qRT-PCR primer folder” and upload the mRNA 
sequence to the Canvas 3/1 Lab Primer Assignment page 

• Copy/Paste a high resolution image of the gene that you are analyzing from the UCSC Genome 
Browser. The image should have: 

o Your gene of interest + 10Kb upstream and downstream 
o Wiggle tracks for E8 retina, E18 retina and E18 cornea in full view  
o RefSeq genes or Ensembl genes track in full view  
o no other tracks showing.  
o Provide a brief summary & interpretation of the data shown in your window 

 
 
 


