Lab 4, Appendix 3: DNA Sequencing


APPENDIX 3:  DNA SEQUENCING


The DNA sequencing method currently in use (and used to sequence the entire human genome) was developed by Frederick Sanger in 1977.  Sequencing by the “Sanger” method actually involves replicating the DNA you are attempting to sequence.  The trick is to get replication to stop at specific nucleotides, and to then identify the positions of those nucleotides by determining the lengths of the truncated replication products.  In the accompanying diagrams, the procedure is divided into four steps which are described in detail below.

1.  Prepare replication template.  One of the requirements for sequencing a fragment of DNA by the Sanger method is that the sequence of a portion of the DNA must already be known.  The DNA to be sequenced is denatured, and a short oligonucleotide complementary to the known sequence is annealed to one of the strands of the denatured DNA.  This forms a template complex suitable for replication by DNA polymerase. 

2.  Add components for in vitro replication.  A mixture of these replication templates is divided into four tubes.  The components for DNA replication, including dNTP precursors and the required salts and buffer are then added to each tube.  One or more of the dNTPs are radioactively labeled to help visualize the replication products.  Finally, each tube gets one of four special nucleotides called dideoxynucleotides (ddNTPs).  These are identical to dNTPs with the exception that they have a 3’-H instead of a 3’-OH on their deoxyribose moiety.  These nucleotides are recognized and used by DNA polymerase, and can be incorporated at the 3’ end of a growing chain.  However, once incorporated, DNA polymerase cannot further extend the chain because it needs a 3’-OH to attach to the next nucleotide.  Without the 3’-OH, the chain stops growing, and dideoxynucleotides are also referred to as chain terminators.  It is important to note that the ddNTPs are added to the reactions at much lower concentrations than the normal dNTPs, and because of that, DNA polymerase will incorporate the normal dNTP far more often than the ddNTP at any given position.  But there are literally millions of active replication complexes in each reaction tube, and termination by incorporation of a ddNTP at each of the possible termination sites will occur in some fraction of these complexes.             

3.  Replication reactions.  Replication is initiated by the addition of DNA polymerase.  Each reaction tube has a different ddNTP and will thus truncate replication adjacent to different sites within the template.  In the tube with ddCTP, incorporation of the chain terminator can occur whenever a complementary G is reached in the template.  The incorporation of ddCTP occurs with low probability because of the low ratio of ddCTP to dCTP in the reaction mix, but there will be some extensions that stop at each and every G in the template.  In this single reaction tube, extension fragments of a variety of different sizes will be produced.  Because these fragments all start at the same position, defined by the location of the sequencing primer, their sizes are strictly dependent on the location of the G in the template where synthesis was truncated.  Similar events occur in the other reaction tubes, but truncation is occurring at different template nucleotides (As, Ts, or Cs).  If the sizes of the truncated fragments could be determined in each tube, the position of every A, T, G, and C in the template would be identified.            

4.  Electrophoresis and visualization of replication products.  The sizes of the truncated replication products in each reaction are determined by gel electrophoresis.  A synthetic polymer, acrylamide, is used as the gel matrix for DNA sequencing because it has better resolving power than agarose.  Following electrophoresis, the gel is exposed to a piece of X-ray film that is sensitive to the radiation emitted by the radioactive nucleotides.  DNA fragments that have migrated to different distances appear as black bands on this “autoradiogram”.  While it is possible to use radioactively labeled DNA size markers to determine the sizes of the truncated fragments, it is easier to simply run the four reactions in adjacent lanes and read the sequence by reading up the gel.  At any given position, the next higher band in the gel represents DNA that is one nucleotide longer, and the identity of that next nucleotide is determined by which lane it is found in.          

Automated sequencing.  Automated DNA sequencing is very similar to the conventional chain termination method, but differs in one important respect.  As described above, the signal source for conventional sequencing is a radioactive nucleotide.  The signal source for automated sequencing is one of four fluorescent dyes attached to each of the four ddNTP chain terminators.  Because each dye has a unique emission spectrum, a reaction containing all four chain terminators can be set up in a single reaction tube.  This single reaction is fractionated on a single lane of an acrylamide gel which is monitored during electrophoresis by an automated fluorescence detector.  This detector monitors each DNA fragment as it migrates through the gel and determines the wavelength of fluorescence it is emitting and thus the identity of its terminal dideoxynucleotide.  This data is fed directly into a computer which assembles it into a sequence.
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