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DNA Sequencing
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DNA sequence determination is a tremendous human

achievement. DNA sequencing includes several methods and

technologies in use for determining the order of the nucleotide

bases (adenine, guanine, cytosine, and thymine) in a molecule of

DNA. Knowledge of DNA sequences has become indispensable

for basic biological research, other research branches utilizing

DNA sequencing, and in numerous applied fields such as

diagnostic, biotechnology, forensic biology and biological

systematics.
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The advent of DNA sequencing has significantly accelerated

biological research and discovery. Rapid sequencing, the result of

modern DNA sequencing technology, is instrumental in the

sequencing of the human genome for the Human Genome Project.

Related projects, often by scientific collaboration across continents,

have generated complete DNA sequences of humans as well as

numerous animals, plants and microbial genomes.
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DNA sequencing methods currently under development include

labeling DNA polymerase and reading the sequence as a DNA strand

transits through nanopores. Additional methods include microscopy-

based techniques such as atomic force microscopy or transmission

electron microscopy that are used to identify the positions of individual

nucleotides within long DNA fragments (>5000 bp) by nucleotide

labeling with heavier elements (e.g., halogens) for visual detection

and recording. Third generation technologies aim to increase

throughput and decrease the time to result and cost by eliminating the

need for excessive reagents and harnessing the processivity of DNA

polymerase.
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In 1977 Sanger and colleagues published an enzymatic method for

DNA sequencing using dideoxynucleotides as base-specific chain-

terminators (Sanger et al., 1977). Within a few years, this approach

became the preferred method of choice, mainly owing to ease of

handling and generation of data and limited exposure to hazardous

chemicals, especially compared to the chemical cleavage method of

DNA sequencing (Maxam and Gilbert, 1977).
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Today the chemical cleavage approach is generally restricted to

those cases where it may be necessary to sequence short

chemically synthesized oligonucleotides, which cannot be

analysed using chain terminator chemistry. Many oligonucleotides

are too small for a sequencing primer to be used and the

sequence at the priming site cannot be deduced. There have been

enormous advances in DNA sequencing technology, starting with

a range of different DNA polymerases:
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Klenow (Sanger et al., 1977), T4 DNA polymerase (Cammeron-Mils,

1988) and AMV reverse transcriptase, finally culminating in Taq DNA

polymerase (Innis et al., 1988), one of its modified derivatives or

other thermostable DNA polymerases. These thermostable

polymerases facilitated the development of cycle sequencing (Lee,

1991), essentially a one-sided PCR that requires less starting

template, can overcome potential secondary structure problems, and

is highly suited to the direct sequencing of double-stranded PCR

products or plasmids.
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In all these cases of enzymic sequencing, the basic theme is to have

a reference point (the sequencing primer) that is extended by the

DNA polymerase in the presence of deoxyribonucleoside

triphosphates (dNTP=building block) and a dideoxyribonucleoside

triphosphate (ddNTP=chain-terminator).
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A set of sequencing reactions consists of four separate

reactions, each with its own chain terminator:

. A stops owing to the incorporation of ddATP.

. C stops owing to the incorporation of ddCTP.

. G stops owing to the incorporation of ddGTP.

. T stops owing to the incorporation of ddTTP.
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Step 1: Equipment and Solutions
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Step 2: Chain Termination Reactions –Primer Labelling

Step 3: Thermal Cycling Conditions

Step 4: Gel Fractionation of the Sequencing Products – Introduction 

Step 5: Electrophoresis Setup

Step 6: Fractionation of the Sequencing Reactions

Step 7: Gel Manipulations

Step 8: Fixing and Drying the Gel

Step 9: Reading the Sequence
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The Illumina method was invented by the American company Solexa in 2005

and is now part of the Illumina Company. This method is also known as

Solexa sequencing. This method is divided into 4 groups based on which

sequencing device is used to determine the sequence of parts:

1- Galle

2-Hiscan SQ

3-Gallx

4-Hiseq2000

In all these methods, the 4 main steps of gene library preparation, gene

cluster creation, sequencing and data analysis are common to them.
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The first archive preparation instructions include random fragments of RNA

or DNA samples, gel-based sampling, binding of platform-specific

oligonucleotides, expansion of the polymerase chain reaction, and several

other steps. In general, a library or sequence archive is prepared by

randomly shredding a genomic sample and connecting 3’ or 5’ adapters.

Similarly, the signal addition reaction involves a combination of coupling and

fractional reactions. These steps dramatically increase the efficiency of the

archive preparation process. In general, the steps required to generate a

gene library can be considered in four main steps: a) DNA fragmentation or

cdNAB b) repair of end ridges and addition of adenine nucleotides to the

end of the chain c) Adapto-release binding d) Selection of liganded

genomes.



.
.



.

.



.

.



.

.





.

.



.

.




