DNA SEQUENCING
CHEMICAL METHOD AND ENZYMATIC
METHOD
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DNA SEQUENCING

= The process of determining the order of bases
adenine (A), thymine (T), cytosine (C), and
guanine (G) along a DNA strand.

= All the information required for the growth
and development of an organism is encoded
in the DNA of its genome.
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= 50, DNA sequencing is fundamental to

genome analysis and understanding the
biological processes in general.
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TEGHYICA}, BREAKTHRONGH, FOR, DA SEQUENCING

sequencing of DNA were Included:
= Chemical cleavage method by Maxam and Gilber

= Enzymatic chain termination method by Sanger

= Of these two methods, Sanger method is more popular.
Without changing the underlying concept of both
methods, some improvements have been done over the
years by applying different strategies, by developing
various modifications and by automation.
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TECHNICAL BREAKTHROUGH FOR DNA SEQUENCING

= As a result, a very large scale sequencing has become
feasible, e.qg. E. coli, Saccharomyces cerevisiae, Human
Genome Project etc.
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CHEMICAL CLERVAGE METHOD

= This method uses double-stranded DNA samples. ~)%
danie 4aS 408 ) oSG

= Involves modification of the bases in DNA b
controlled chemical reaction- followed by chemical
base-specific cleavage.
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STAGES:

1. The double-stranded fragment to be
sequenced is isolated and radioactively
labeled at the 5’-ends with 32P.
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2. The fragment is then cut with restriction
enzyme and thus the label is removed
from one end.
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3. The fragment of DNA with one end labeled is
denatured.
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4. Four identical samples of these end-labeled
DNA restriction fragments are subjected to
chemical

cleavage at different chemical nucleotides.
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will be visible in autoradiograph)
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STAGES:

cleavage at different chemical nucleotides.

5.There are four specific sets of chemical
reactions that selectively cut the DNA

backbone at G, A+G, C+T, or C residues.

= G only: Dimethyl sulphate (DMS)
and piperidine
= A+G :DMS,and formamide
piperidine
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= C+T :Hydrazine, piperidine
=  C only : Hydrazine, alkali or NaCl
piperidine
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6. For each labeled chain to be
broken only once, the reactions
are controlled.
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1. The labeled subfragments u
created by the four reactions Pastic —|jlme= 08 [ &
have frame - = =
= the 32P label at one end and = = j = =
= the chemical cleavage point at the | = =
other end. W, > =
8. The reaction products are ode | .
separated by polyacrylamide Buffer &
gel electrophoresis which is

based on size. Smallest
fragment goes fastest.
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9.The labeled fragments in
the gel are visualized by
autoradiography (x-ray).

10. The sequence is read from
bottom to top of the gel.
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Reaction proceeds long enough
to produce an average of one
break per strand; the random

breaks generate end-labeled
fragments representing all
positions of each indicated base

3’

Parallel gel
electrophoresis
and autoradiography
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EXAMPLE OF DNA SEQUENCING BY CHEMICAL METHOD =
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AUTORADIOCGRAM OF SAMPLE

End-labelled DNA fragments
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RDVANTAGES AND DISADVANTAGES

= No premature = Not widely used.
termination due to DNA
sequencing. SO, no
problem with

polymerase to synthesize
DNA.

= Stretches of DNA can be
sequenced which can not
be done with enzymatic
method.

= Use of radioactivity
and toxic chemicals.




CHAIN TERMINATION METHOD
= This method uses single-stranded DNA. More widely used

= Also known as dideoxy sequencing method because it
involves the use of analogue of normal nucleotide 2’°,3’-
dideoxynucleoside triphosphates (AddNTPs). These are chain
terminating nucleotides lacking 3’-OH ends.

= This method is based upon the incorporation of ddNTPs into
a growing DNA strand to stop chain elongation.
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CHAIN TERMINATION METHOD
= This method uses single-stranded DNA. More widely used
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STAGES:

1.The DNA to be sequenced is extracted from phage or E. coli for sequencing
purpose.
2. A synthetic 5’-end-labeled oligodeoxynucleotide is used as the primer.

3. The template DNA is hybridized to the primer.

4. The primer elongation is performed in four separate polymerization reaction
mixtires. Each mixture contains

- 4 normal deoxynucleotides (ANTPs) in higher concentration and
- a low concentration of the each of the 4 ddNTPs.

5. There is initiation of DNA synthesis by adding enzYme DNA O}lool merase since
the enzyme cannot distinguish betweéen the normal nucleotides and their

analogues.
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6. The strand synthesis continues
until a ddNTP is added. The chain
elongation ceases on the
incorporation of a ddNTP because
it lacks a 3’-OH group which
prevents addition of the next
nucleotide.

1.There is a result of mixture of
terminated fragments, all of
different lengths.

8. Denature DNA fragments.

9. Each of the four mixtures are run
together on a polyacrylamide gel
for electrophoresis.
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10. The separated

f Template: 3’ CCGGTAGCAACT
ragments are
then visualized by GATP 4 aaaTe | [aATe aTP atp
dCTP dCTP + ddCTP dCTP dCTP
dGTP dGTP dGTP + ddGTP dGTP
autogra'p hY' dTTP dTTP dTTP dTTP + ddTTP

11.From the position of =« cae GGCCATCG ehat

GGCCATCGTTGA GGCC GGCCATCGTTG GGCCATCGT

the bandS Of the GROCATC CCATCGTT

resulting \ \ / /
autoradiogram, the ‘

sequence of the
original DNA g
template strand can
be read directly.

Sequence complementary
to template DNA
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