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Primer Design 

PCR: amplifies double stranded DNA.  Usually given positive strand (5’‐3’) by databases. PCR consists of 
heating, cooling. Heating causes the strands to separate, allowing primers to bind. Primers are specific 
to a specific sequence (oligo’s of DNA).  Primers bind during annealing step, then extend around 72 C. 

during extension, polymerase extends 5’‐3’.  
 

Basic Design: 

1. Primer aka oligo. Single stranded piece of DNA, order it from a company. Want the primer to be 
about 20 bp long (length of complementarity). The shorter, the cheaper. 

2. 3’ GC clamp. GC has 3 H bonds holding it together, AT has 2 H bonds (so AT is a weaker binding 
than GC). Want the tightest interaction of the primer binding the DNA to be at the 3’ end 
because this is where elongation is going to proceed from.  

5’‐ACTG‐3’ 
3’‐TGAC‐5’  

3. Melting temp (Tm) greater than or equal to 60 degrees C. The higher the better.  

CG 4 degrees C 
AT 2 degrees C 
so if a 20‐mer, 20*4 means melting temp around 80 degrees for an entirely GC 20‐mer.  

Microbesonline.org—has every microbial genome sequences.  Can find a gene in an organism. After 
inputting the organism and searching a gene, click gene for gene information. click the sequences tab for 
the amino acid sequence and coding sequence in FASTA format. 

CheV gene from Bacillus Subtilis.  
TTGTCGTTACAACAATACGAAATTTTATTGGATTCTGGTACAAATGAATTAGAAATTGTG 
AAGTTTGGCGTGGGTGAAAATGCTTTCGGAATTAACGTCATGAAGGTAAGAGAAATTATT 
CAGCCTGTCGAGGTGACATCAGTGCCTCACTCCCATCAGCATGTAGAAGGAATGATTAAA 
CTCAGAGGAGAAATCCTCCCTGTGATCAGTCTCTTCTCATTTTTTGGAGTAGAGCCTGAA 
GGATCAAAAGATGAGAAATATATCGTGACTGAATTTAATAAACGGAAAATTGTTTTTCAT 
GTCGGCTCTGTTTCTCAAATTCACAGAGTATCCTGGGAAGCGATTGAAAAGCCGACATCG 
TTAAATCAAGGAATGGAGCGGCACCTTACCGGTATTATTAAGCTCGAAGACCTGATGATC 
TTTTTGCCTGACTATGAAAAAATTATTTATGACATTGAATCAGATTCAGGTGTTGACACG 
TATAATATGCATACCGAGGGCTTCGATGAAAGAAGAACTGATAAAAAGCTTATCATTGTA 
GAGGACTCACCGCTTTTGATGCGCCTCTTGCAGGATGAATTAAAAGAAGCAGGGTACAAC 
AATATCGCTTCGTTTGAAAATGGAAAAGAGGCATATGAATACATTATGAACCTTGCTGAA 
AACGAAACTGATTTATCAAAACAGATTGATATGATCATCACTGATATTGAAATGCCAAAA 
ATGGACGGACACAGGCTCACAAAGCTGCTGAAGGAAAATCCGAAAAGCTCAGATGTGCCG 
GTTATGATTTTCTCATCGTTAATTACGGATGATCTGCGTCACCGCGGCGAAGTTGTAGGC 
GCAGATGAGCAAATCAGCAAGCCTGAGATCAGTGATTTGATTAAAAAAGTGGATACGTAT 
GTTATTGAATAA 
 



Forward Primer:  
anneals to the first 18‐25 bp of the sequence on the complementary strand (3’‐5’, minus strand), 

matches the first 18‐25 of the positive strand.  
positions for GC clamp 
TTGTCGTTACAACAATACG 

Tm: 7 GC (7*4=28) 
       12 AT (12*2=24)   
       28+24=52 degrees C 

Reverse Primer: 
anneals to positive strand, reverse compliment of the strand it’s binding to.  
AATTCCGG  CCGGAATT 
(+ 5’-3’)GGATACGTATGTTATTGAATAA  TTATTCAATAACATACGTATCC 
          
Tm:  6 GC (6*4=24) 

        16 AT (16*2=32) 
        32+24=56 degrees C 
 

Go to IDT website, DNA synthesis, custom DNA oligos. Order the smallest amount of DNA. Standard 
desalting purification. Copy in sequence into sequence box, give it a name.  
 

enter primers into googledoc  
 

NB: Using courier font makes the spacing of all the characters equal. 
 
Primer Extension 
Restriction Enzymes for biobricks: PstI, SpeI, EcoRI, XbaI 
make sure the gene doesn’t have the cut sites in that we’re using—NEB cutter, 
http://tools.neb.com/NEBcutter2/ enter in FASTA format. Tells you all the cut sites in the gene. 
Click link for 0 cutters to see which enzymes won’t cut in your gene. These are the enzymes you 
can use for biobrick assembly.  
adding restriction enzyme sites to our primers. Adds restriction sites to our PCR product. Don’t 
want to go above 50bp total for primer length (20 bp for binding, 30 for restriction site). Always 
add to the 5’ end.  
EcoRI—GATTC 

SpeI—ACTAGT 
     Forward: GAATTC+primer sequence+some extra bases to help the site work.  
ATCGGAATTCTTGTCGTTACAACAATACG 
     Reverse:  
ACTGACTAGTTTATTCAATAACATACGTATCC 

 



Designing a biobrick 
need ribosome binding site—generally AGGAGG, 8‐12 bases upstream of the ATG (start codon). Take 20 
bp from upstream of a well expressed gene to use as RBS. Ex: CheY is well expressed. 
20 bp upstream of CheY is atttaaaataacgaaacacaaggagagagatagatt 
 
 
atttaaaataacgaaacacaaggagagagatagatt—ATG—CheV—TAA—TAA    
(2 stop codons just in case) 
 
Forward: 
ATCGGAATTCatttaaaataacgaaacacaaggagagagatagattATGTCGTTACAACAATACG 
(changed TTG to ATG at beginning of coding sequence for better RBS) 
 
Reverse: added additional stop codon 
ACTGACTAGTTTATTATTCAATAACATACGTATCC 
 
Point Mutations: 
Quickchange—start with a methylated plasmid. 2 primers that mind over the base pair you want to 
change with the only difference being at the bp to change. PCR , treat with DpnI (4 bp cutter for 
methylated DNA). Leaves us with only unmethylated, altered DNA. Can’t use Taq pol, have to use 
purified primers. 
Enzyme inverse PCR 
 
Primer3: does calculations for you, designs primers for you.   http://frodo.wi.mit.edu/primer3/  
 
 
NCBI—can search for entire genomes: 
Ptt file—gives you ever gene in a genome in standard form. 
fna file—sequence of genome. 
gbk file—references, updates, amino acid sequence, genome sequence in block format.  
Colibri: can type in gene name, get info, sequence separated by codon and user defined upstream, 
downstream regions. 


