
DNA Sequencing
Introduction:
The DNA sequence contains the information necessary for living organisms to survive and reproduce. Determining this sequence is therefore useful both for research aiming to understand how organisms live and for applied purposes. In medicine, it can be used to identify, diagnose, and potentially develop treatments for genetic diseases and viral infections. In biology, the study of DNA sequences has become an important tool for species classification.
1. Historical Background:
The first DNA sequencing techniques were developed in parallel during the mid-1970s. The methods of Sanger (United Kingdom) and Gilbert (United States) were both awarded the Nobel Prize in Chemistry in 1980. The first organism to be sequenced, in 1977, was the bacteriophage φX174, which possesses single-stranded DNA and therefore did not require the denaturation step used in the Sanger and Maxam–Gilbert methods.
Over the past thirty years, improvements in primer synthesis, strand amplification, and the widespread use of fluorescent markers have greatly enhanced sequencing techniques. The emergence of automated sequencers has allowed the automation of these technologies and contributed to the completion of the Human Genome Project in 2003.
1.1 Definition of Sequencing:
DNA sequencing is an analytical technique used to determine the exact order of nucleotides in a given DNA fragment. Currently, sequencing techniques are mainly based on Sanger’s enzymatic method.
1.2 The Different Components of Sequencing:
· DNA: It comes from the organisms whose genome is to be sequenced. DNA, most often double-stranded, is denatured to separate the two strands. The strand to be sequenced is called the template strand.
· Nucleotides (deoxynucleotides): These are the building blocks of DNA (A, C, G, and T). They are linked together by chemical bonds that require a specific hydroxyl (OH) group on the 3' carbon of the deoxyribose.
· Dideoxynucleotides (ddNTPs): These are nucleotides lacking the OH group at the 3' position. Their incorporation into a growing DNA strand permanently stops DNA synthesis.
· Primer: A short DNA strand (about twenty nucleotides long) that can hybridize to a specific complementary sequence and serves as a starting point for synthesis.
· DNA Polymerase: An enzyme responsible for copying DNA by synthesizing a strand complementary to the template strand. DNA polymerase can only extend an existing primer by adding nucleotides according to the template sequence (A always pairs with T, and C always pairs with G).



1.1 Principle of DNA Sequencing by the Sanger Method
The principle of this method is to initiate DNA polymerization using a short oligonucleotide (primer) that is complementary to a specific region of the DNA fragment to be sequenced. The elongation of the primer is carried out by a DNA polymerase I enzyme lacking 5’→3’ exonuclease activity and maintained by thermostable DNA polymerases, similar to those used in PCR.
Four separate tubes are prepared, each containing the four deoxyribonucleotides (dATP, dCTP, dGTP, dTTP) and a small concentration of one of the four dideoxyribonucleotides (ddATP, ddCTP, ddGTP, or ddTTP). These dideoxyribonucleotides act as “chain terminators”: once incorporated into the newly synthesized DNA strand, they prevent further elongation.
This termination occurs specifically at the nucleotide positions corresponding to the dideoxyribonucleotide added to the reaction. To obtain the complete sequence of a DNA fragment, the reaction is performed four times in parallel, each time with a different dideoxyribonucleotide.
For example, in the reaction where ddGTP is added, synthesis stops at each position where a G is to be incorporated. Since the reaction mixture contains both dGTP and a small amount of ddGTP, termination occurs randomly, depending on whether the DNA polymerase incorporates a deoxyribonucleotide or a dideoxyribonucleotide.
As a result, a mixture of DNA fragments of increasing length is produced, all ending at one of the G positions in the sequence. These fragments are then separated by polyacrylamide gel electrophoresis, allowing the identification of the positions of G within the DNA sequence.
      5   ▬▬─ T A C G A C 3’

           ▬▬─ T A C G A

           ▬▬─ T A C G

           ▬▬─ T A C

           ▬▬─ T A

          ▬▬─ T
The determination of the nucleotide sequence by the Sanger method involves two main steps:
1. Synthesis of the complementary strand from a template strand using a DNA polymerase and a primer, in the presence of the four dNTPs. A small amount of modified nucleotides lacking a 3'-OH group (dideoxynucleotides) is added; these act as chain terminators.
2. Separation of the synthesized fragments by electrophoresis, which allows the determination of the DNA sequence based on fragment length.
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1.1 Automation of Sequencing
Automation of sequencing is achieved by incorporating a radioactive or fluorescent tracer; nucleotides are labeled with fluorescent dyes. Based on the Sanger method, this approach allows rapid and accurate determination of DNA sequences. It uses fluorescently labeled terminal nucleotides (ddNTPs) that terminate DNA elongation at specific positions, producing fragments of varying lengths.
These fragments are then separated by capillary electrophoresis, and their fluorescent dyes are detected by a laser. A specialized software analyzes the signals and generates a chromatogram indicating the DNA sequence.
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Although this method is highly precise and suitable for many applications—such as mutation identification—it is limited to read lengths of approximately 800–1000 base pairs and is relatively expensive
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