Dr. Fadwa Alghalib                            Genetics & Molecular Biolgy                        2nd Year

                                                                   DNA Sequencing


DNA SEQUENCING

DNA sequencing, first devised in 1975, has become a powerful technique in molecular biology, allowing analysis of genes at the nucleotide level. For this reason, this tool has been applied to many areas of research.
What is DNA sequencing?

Definition:

DNA sequencing is the determination of the precise sequence of nucleotides in a sample of DNA and therefore is a necessary final confirmatory step of any mutation detection method.
 For sequencing, we don't start from gDNA (like in PCR) but mostly from PCR fragments or cloned genes.

There were two competing methods of determining DNA sequence:

· Maxam - Gilbert Method, in which a DNA sequence is end-labeled with [P-32] phosphate and chemically cleaved to leave a signature pattern of bands.
 using double-stranded (ds) DNA).
1. involves the sequential removal of bases from one end of the DNA molecule,
2. It uses specialized chemical treatments to cleave single-stranded DNA selectively at specific nucleotides, generating a series of fragments whose relative lengths can be used to read the nucleotide sequence.

3. DNA bands in the gel are visualized by autoradiography.

4. the method is more complex and less convenient to use.
· Sanger Method, in which a DNA sequence is annealed to an oligonucleotide primer, which is then extended by DNA polymerase using a mixture of dNTP and ddNTP (chain terminating) substrates. 
1. involves the sequential addition of bases to a primer annealed to a complementary strand of DNA
2. It begins with a template strand of DNA and a precisely defined primer that has a radioactive 32P-phosphate label at its 5' end. 
3. sequencing is usually now done with non-radioactive primers and with dideoxynucleotide triphosphates that have fluorescent dyes attached to them.

4. Four different colors of fluorescence are used to distinguish the four dideoxynucleotide reaction mixtures.

5. Each chain termination event leaves its DNA fragment labeled with the fluorescent dye corresponding to the nucleotide responsible for the chain termination.

6. The gel is then scanned with a fluorescence reader.

7. the fluorescence detector automatically records the color peaks and converts the sequence of colors into a nucleotide sequence.
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Both the Maxam-Gilbert and Sanger-Coulson  methods can only produce about 400 bases of sequence at a time. Most genes are larger than this. To sequence a large DNA molecule it is cut up (using two or more different restriction enzymes) into different fragments and each fragment is sequenced in turn
1. The sequencing reaction : 

There are three major steps in a sequencing reaction (like in PCR), which are repeated for 30 or 40 cycles. 

1. Denaturation at 94°C : 
During the denaturation, the double strand melts open to single stranded DNA, 

2. Annealing at 50°C :
In sequencing reactions, only one primer is used, so there is only one strand copied (in PCR : two primers are used, so two strands are copied). 

3. extension at 60°C :
This is the ideal working temperature for the polymerase (normally it is 72 °C, but because it has to   incorporate ddNTP's which are  chemically   modified   with  a fluorescent  label, the temperature is lowered so it has time to incorporate the 'strange' molecules. The bases (complementary to the template) are coupled to the primer on the 3'side (adding dNTP's or ddNTP's from 5' to 3', reading from the template from 3' to 5' side, bases are added complementary to the template)
When a ddNTP is incorporated, the extension reaction stops because a ddNTP contains a H-atom on the 3rd carbon atom (dNTP's contain a OH-atom on that position). Since the ddNTP's are fluorescently labeled, it is possible to detect the color of the last base of this fragment on an automated sequencer. 

The reaction mix includes the template DNA, free nucleotides, an enzyme (usually a variant of Taq polymerase) and a 'primer' - a small piece of single-stranded DNA about 20-30 nt long that can hybridize to one strand of the template DNA. 

The reaction is initiated by heating until the two strands of DNA separate, then the primer sticks to its intended location and DNA polymerase starts elongating the primer.

(((   SEQUENCING  (((
The most popular method for doing this is called the dideoxy method. 
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There are two labeling methods: Dye Terminator Labeling, Dye Primer Labeling.
Dye Terminator Labeling Procedure:
1- Dideoxynucleotide sequencing represents only one method of sequencing DNA. It is commonly called Sanger sequencing since Sanger devised the method.

In order to perform the sequencing, one must first
 1- convert double stranded DNA into single stranded DNA. This can be done by denaturing the double stranded DNA with NaOH. 
2- A Sanger reaction consists of the following: 
i- a strand to be sequenced (one of the single strands which was denatured using NaOH), 
ii-- DNA primers (short pieces of DNA that are both complementary to the strand which is to be sequenced and radioactively labelled at the 5' end),
 iii-  a mixture of a particular ddNTP (such as ddATP) with its normal dNTP (dATP in this case), and the other three dNTPs (dCTP, dGTP, and dTTP). 
iv- The concentration of ddATP should be 1% of the concentration of dATP. The logic behind this ratio is that after DNA polymerase is added, the polymerization will take place and will terminate whenever a ddATP is incorporated into the growing strand. If the ddATP is only 1% of the total concentration of dATP, a whole series of labeled strands will result (figure 1). Note that the lengths of these strands are dependent on the location of the base relative to the 5' end.
When these reactions are completed, a polyacrylamide gel electrophoresis (PAGE) is performed. 
In automated sequencing one reaction is loaded into one lane for a total of four lanes (Figure2). The gel is transferred to a nitrocellulose filter and autoradiography is performed so that only the bands with the radioactive label on the 5' end will appear. 
In PAGE, the shortest fragments will migrate the farthest. Therefore, the bottom-most band indicates that its particular dideoxynucleotide was added first to the labeled primer. 
In Figure 2, for example, the band that migrated the farthest was in the ddATP reaction mixture. Therefore, ddATP must have been added first to the primer, and its complementary base, thymine, must have been the base present on the 3' end of the sequenced strand. One can continue reading in this fashion. Note in Figure 2 that if one reads the bases from the bottom up, one is reading the 5' to 3' sequence of the strand complementary to the sequenced strand. The sequenced strand can be read 5' to 3' by reading top to bottom the bases complementary to the those on the gel.
Dye-labeled primers. In this method, the oligonucleotide primers are end-labeled with four different fluorescent dyes, and four separate synthetic reactions are conducted in the presence of dNTPs and ddNTPs:
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Figure 1. This figure shows the structure of a dideoxynucleotide (notice the H atom attached to the 3' carbon). Also depicted in this figure are the ingredients for a Sanger reaction. Notice the different lengths of labeled strands produced in this reaction.
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Figure 2. This figure is a representation of an acrylamide sequencing gel. Notice that the sequence of the strand of DNA complementary to the sequenced strand is 5' to 3' ACGCCCGAGTAGCCCAGATT while the sequence of the sequenced strand, 5' to 3', is AATCTGGGCTACTCGGGCGT.
NOTE: that if we attached the label to the terminator then we are able to do everything in just one test tube since we will be able to determine which fragment ends with what base by looking at the label. However, if the label was attached to the primer would have to use 4 test tubes, and include only one type of ddNTP in each.
Another example Fig:3
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3. Detection on an automated sequencer : ,,,,,,,,.
1. The fluorescently labeled fragments that migrate trough the gel, are passing a laser beam at the bottom of the gel. 
2. The laser exits the fluorescent molecule, which sends out light of a distinct color. That light is collected and focused by lenses into a spectrograph. 
3. Based on the wavelength, the spectrograph separates the light across a CCD camera (charge coupled device). 
4. Each base has its own color, so the sequencer can detect the order of the bases in the sequenced gene. ( See figure:4).
Manual Sequencing:
1. When DNA sequencing was first developed in the 1970s, detection methods were relatively primitive compared to today’s technology.

2. Instead of fluorescent tags, DNA fragments were labeled with radioactive tags. 
3. four reactions are set up, one for each of the four dideoxy chain terminators to be used.
4. DNA fragments were then resolved, based on size, on vertical polyacrylamide gels and the gels exposed to X-ray film to capture the DNA fingerprint image of the separated fragments. 
5. The X-ray film was viewed by a person and scored manually. 
Sequencing was limited to only 200- 300 bases of data from a single sample analysis and many reiterative steps were required to acquire just a few thousand bases of DNA sequence data. 
Steps for Manual Sequencing using ddNTPs (Sanger's method):
1) Anneal primer to ssDNA template, (use high temp. or NaOH to denature template DNA)

2) separate into four different tubes "A", "G", "C", "T", each having all four dNTPs (standard deoxy) and ONE of the four dideoxy (ddNTP).

for example, tube "A" = dATP, dGTP, dCTP, dTTP plus ddATP 

3) DNA polymerase synthesizes new strand in presence of 35S-dATP (radiolabels new DNA)

- dNTPs are incorporated in DNA until a ddNTP is added. This terminates synthesis ONLY on that molecule. Millions of others in same tube.

- In each tube a population of molecules is made, some of which terminate at EACH of the possible nt (nucleotides) positions.

4) Electrophores ("run out") DNA from each tube (A, G, C, and T) in four separate lanes of a polyacrylamide gel. Unlike agarose, polyacrylamide can resolve single nucleotide differences in DNA molecules.

5) Expose gel to x-ray film to visualize the new DNA strands (old template not seen for it is not labeled)

6) Start at bottom of gel and read up, 5' to 3' direction. If the lowest band is in lane "G" then mark a G. If the next lowest band is in lane "C", then mark a C, and if the next lowest band is in the "A" lane, mark a "A". continue until top of gel or order of bands is no longer clear.

This sequence would read 5'-GCA.......-3'.
Differences Between Manual and automated Sequencing:
	Manual
	Automated

	requires four lanes per template
	one lane in the automated method.

	utilizes radioactive labels
	utilizes a fluorescent dye to label the nucleotides instead of a radioactive isotope. 

	generating low-level radioactive waste with an associated disposal cost.
	fluorescent dye is not an environmentally hazardous chemical

	using X-ray film to perform autoradiography to read the sequence
	a laser is used to stimulate the fluorescent dye.

	cost of material for one gel is $360
	total cost of material for one gel is $180

	
	provides more reliable research


The greatest obstacle to researchers when converting from manual to automatic DNA sequencing is being required to learn the use of computer software necessary to interpret the results. 
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Automated DNA Sequencing Summary:
· Use 4 different fluorescent tags one added to each of the dideoxy nucleotides, AGCT.

· Use chain termination reactions via PCR, all in a single tube.

· Samples are electrophoresed past a sensor and the sequence read
The dideoxy method gets its name from the critical role played by synthetic nucleotides that lack the -OH at the 3′ carbon atom (red arrow). A dideoxynucleotide (dideoxythymidine triphosphate — ddTTP — is the one shown here) can be added to the growing DNA strand but when it is, chain elongation stops because there is no 3′ -OH for the next nucleotide to be attached to. For this reason, the dideoxy method is also called the chain termination method.
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