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Sanger Sequencing 



DNA Sequencing 

•  Chemical Sequencing by Maxam and Gilbert 
in the early 1970s-laborious, 24 bases 

•  Frederick Sanger in 1975 –Dideoxyterminator 
Chemistry 

•  Sanger and Gilbert received ½ of the Nobel 
Prize in 1980. Do you know who got the other 
half? 



DNA Sequencing 

 Factoid of the day: The person who this 
auditorium is named after. Paul Berg.  



DideoxyTerminator Chemistry 



Cycle Sequencing Reaction 



Sequencing at PSU Over the Years 
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Manual 
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377 Gel 
 

3100 –16 
Capillary 

3730--96 
Capillary 

Bases per  
Day 

1200? 20,000 100,000 0.5 to 1 
million 



http://dnalims.huck.psu.edu 















CSR Preparation  
•  Samples are all thawed and spun down 
•  Primers are added to the 96 well plate first 

followed by template using calibrated 
pipettors 

•  PGEM control is added to each plate 
•  Samples in plate are denatured at 98 

degrees for 5 minutes 
•  CSR mix is made and added to all wells  
•  CSR is run in Thermal Cycler 



Cleanup 

•  Water is added to CSRs to a final volume 
of 20 uls 

•  Plates with Sephadex are spun to remove 
water 

•  CSR samples are pipetted on top of 
Sephadex  

•  Plates are again spun and fragments from 
the primer extension reaction are eluted 
from Sephadex 

•  Unused dNTPs, ddNTPs and other small 
molecules are retained in Sephadex beads 



Keys to Success  

•  Sample Quality 

•  Sample Quantity 



260/280=2.07 
260/230=1.90 

260/280=1.52 
260/230=0.31 



Extraction Tips 

Protocols from labs getting 800 to 1200 bases 
are available in room 413 Chandlee 



Extraction Tips 
•  Don’t overgrow your cultures. 
•  Use less of your culture than the maximum 

for the kit. 
•  Some solutions can go bad such as the 

NaOH/SDS. Make fresh. 
•  Some find second washes are necessary. 
•  Use the Tris elution buffer – never Tris 

EDTA! Some say water is OK. 
•  Some heat the elution buffer to 65 and 

leave it on the column for 5  min. 



Extraction Tips 
•  Isopropanol should be ice-cold and Ethanol 

should be at room temperature. 
•  Be sure you get rid of Ethanol. Let it dry 

longer than suggested. Up to an hour if you 
are not in a hurry. 

•  Be sure your spin columns are at room 
temperature. 

•  Elute PCR products in a minimal volume to 
reach an optimal concentration. 



Extraction Tips 
•  For valuable samples retain your 

supernatants until recovery is verified. 
•  Centrifuge tubes in the same orientation in 

order to recover DNA in a compact pellet. 
•  Calibrate your pipettors. 



Primer Selection 

•  Use accurate data. Look at electropherogram.  
•  Primers should be 22 bases or less. 
•  Eliminate primer dimers and secondary 

structure. 
•  Tm greater than 58 degrees by Nearest 

Neighbor Analysis. 
•  GC content of 50 to 55% and GC lock at 3’ end. 
•  Genomics Core has Oligo 7. 
•  Avoid false priming sites with a good design 

program. 



View your Electropherograms 
•  Click on View. 
•  Use FinchTV from Geopspiza. 
•  Use Sequence Scanner free 

from Life Technologies. 





Control PGEM Plasmid 









•  Poor Quality or Wrong concentration 
•  Wrong Primer 
•  Degraded Primer 
•  Contamination 
•  Forgot to put template in the tube 





•  Primer annealing to multiple sites 
•  Residual PCR Primers 
•  Mixed Plasmid or PCR products 
•  Degenerate Primers 





We have primers that can “anchor” and continue the sequence. 



•  Presence of salts  
•  Primer concentration too high  



I have designed primers for this before to continue the sequence. 



Request our special Stop Protocol. 



Request a Re-run. Possibilities are a bubble in the array  
or could be low template concentration and electrical spike. 



Front: Dan Hannon, Kerry Hair, Ginger Heintz, Ashley Price 
Back: Dr. Craig Praul, Dr. Greg Grove, Dr. Deborah Grove 


