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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.
labelled oS0

3. The template DNA is hybridized to the primer.
primer Jutemplate dna J ki

4.The primer elongation is performed in four separate polymerization reaction mixtures.
Each mixture cortains

- 4 normal deoxynucleotides (dNTPs) in higher concentration and
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- a low concentration of the each of the 4 ddNTPs.
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5. There is initiation of DNA s%nthesis by adding enzyme DNA polymerase since the
enzyme cannot distinguish between the normial 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.
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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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. Denature and separate by electrophoresis =——>

Sanger method
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10. The separated fragments
are

then visualized by
autography.
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11. From the Iposition of the
bands ot the resulting
autoradiogram, the
sequence of the original
DNA template strand
can be read directly.
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Template: CCGGTAGCAACT
Primer: (
dATP + ddATP dATP dATP
dCTP dCTP + ddCTP dCTP
dGTP dGTP dGTP + ddGTP
a'T'TP dTTP dTTP
GGCCA GGC GGCCATC(
GGCCATCGTTGA GGCC GGCCATCGTTG
GGCCATC
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Chain termination method

dATP
dCTP
dGTP
dTTP + ddTTP

GCCAT
GCCATCGT
CCATCGTT

Sequence complementary
to template DNA




RDVANTRGES AND DISADVANTAGES

= Most popular method. = Yielding of poor results owing
. . . R to secondary structure in the
@ — L_U. 9; = o DNA as sometimes DNA
capillary J' sy 4kl . :
. polymerases terminate chain
electroforesis )
elongation prematurely.
= Simpler and quicker allowing
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primer-annealing and = The sequence is obtained not
sequencing reactions can be from the original DNA molecule
completed. but from an enzymatic copy. So,
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IMPROVED APPROACHES AND AUTOMATED DNA SEQUENCING

= Updated version of Sanger method
) dJLJ\ oScautomated S ¥ & la s

= Fluorescence detection with lasers
= Cycle sequencing
= Shotgun sequencing

Automated procedure for DNA
sequencing
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A computer read-out of the gel generates a ““false color”™ image

where each color corresponds to a base. Then the intensities are
translated into peaks that represent the sequence. {‘)




CYCLE SEQUENCING

= There are two basic differences between cycle
sequencing and PCR amplification:

= The presence of only one primer in the cycle-
sequencing reaction used to prime synthesis of
one strand of the DNA
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= The presence of dideoxynucleotide
triphosphates in the sequencing reactions that
create the base-specific terminations required.

= The result of the temperature cycling is linear
amplification of the sequencing product leading
to an increase in the signal generated during the
sequencing reaction when compared with
standard sequencing protocols. €



CYCLE SEQUENCING

= Cycling the sequencing reactions results in several advantages

(1) The amount of template necessary for the sequencing reaction is
greatly reduced

(2) because smaller amounts of template are added, fewer impurities
are introduced, meaning less template preparation is required; and

(3) The high temperature at which the sequencing reactions are run
and the multiple heat-denaturation steps allow double- stranded
templates such as plasmids, cosmids, X DNA, and PCR products to
be sequenced reliably without a separate denaturation step
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SHOTGUN SEQUENCING

=1s a method used for sequencing long DNA strands
bp\/u . h_-kh N hd‘ J)A;'JL?HH
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= DNA is broken up randomly into numerous small
segments, which are sequenced using the chain
termination method to obtain reads.

= Multiple overlapping reads for the target DNA are
obtained by performing several rounds of this
fragmentation and sequencing.

= Computer programs then use the overlapping ends
of different reads to assemble them into a continuous
sequence
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ATGTTCCGATTA TTTCATTCAGTAAAAGGAGGAAATATAA

Resulting overlapping sequence
segments. (The higher the
coverage the better the quality
of the sequencing.

sequence segments

SHOTGUN SEQUENCING
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Overlapping
combined to construct the /

\ ATGTTCCGATTA

TTTCATTCAGTAAAAGGAGGAAATATAA I

genome consensus,

Resulting overlapping
sequenced segments. (The
higher the coverage the better
the quality of the sequencing.

Overlapping sequences
segments combined to construct
the genome consensus.




High-throughput sequencing: s .5 1 o wys

. . sequencing
Capillary electrophoresis human genome J
0 AN AC
The human genome project ctection Sheath flow
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has spurred an e.ffort to Laser \ n /—
deveIOp faSter! hlgher Focusing ¥ Sheath flow cuvette

throughput, and less lens Z
expensive technologies |

for DNA sequencing. | (

Capillary electrophoresis P

(CE) separation has many o n Ty

advantages over slab gel
separations. CE separation
are faster and are capable of producing greater resolution.
CE instruments can use tens and even hundreds of capillaries
simultaneously. The figure show a simple CE setup where the
fluorescently-labeled DNA is detected as it exits the capillary.

filter



Sieving matrix for CE

*To separate DNA fragments of different sizes the
capillary needs to be filled with sieving matrix, such as
linear polyacrylamide -neuro toxic when its in
monomer phase- (acrylamide polymerized without bis-
acrylamide).

*This material is not rigid like a cross-linked gel but
looks much like glycerol. With a little bit of effort it can
be pumped in and out of the capillaries.

*To simulate the separation characteristics of an agarose
gel one can use hydroxyethylcellulose. It is not much
more viscous than water and can easily be pumped into
the capillaries. and less toxic than others



Capillary
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Fluorescent end labeling of DNA
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DNA SEQUENCING OUTPUT
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What 1s the function of the sequenced gene?

Classical methods:

- mutate gene, characterize phenotype for clues to
function (genetics)
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- purify protein product, characterize in vitro
(biochemistry)

sequencing 4lexi (Sae 4all AL 0K A0S g o lie Ol g -
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What 1s the function of the sequenced gene?

Comparison to previously characterized genes:

- genes sequences that have high sequence similarity
usually have similar functions

- if your gene has been previously characterized (using
classical methods) by someone else, you want to know
right away! (avoid duplication of labor)
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NCBI

NCBI home page -Go to www.ncbi.nlm.nih.gov for the following
pages
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Pubmed: search tool for literature--search by author, subject, title words, etc.

All databases: “a retrieval system for searching several linked databases”

BLAST: Basic Local Alignment Sequence Tool
OMIM: Online Mendelian Inheritance in Man
Books: many online textbooks available

Tax Browser: A taxonomic organization of organisms and their genomes

Structure: Clearinghouse for solved molecular structures



What does BLAST do?

1) Searches chosen sequence database and
identifies sequences with similarity to test
sequence

2) Ranks similar sequences by degree of
homology (E value)
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1) Illustrates alignment between test sequence
and similar sequences




Alignment of sequences:

The principle: two homologous sequences derived from the
same ancestral sequence will have at least some identical
(similar) amino acid residues

Fraction of identical amino acids is called “percent identity”

Similar amino acids: some amino acids have similar
physical/chemical properties, and more likely to substitute for
each other-these give specific similarity scores in alignments
il ) 6 ) Glaa HIS Agimilar  sS ae800 A1) Grendadl g (i 6 )
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Gaps in similar/homologous sequences are rare, and are
glven penalty scores
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Homology of proteins

Homology: similarity of biological structure, physiology, and
development based on genetic inheritance

Homologous proteins: statistically similar sequence,
therefore similar functions (often, but not always)

PhoTFB1 1 IJTIYD PERGE IVCA)3
PabTFB 1 IJTIYD PERGE IVCA)3
PfuTFB1 1 IMIYDPERGE IVCA)S
TkoTFB1 1 AT YD PEIRGE IVCEQY%
TkoTFB2 1 13T YD PIIRGE I VCAJS
PfuTFB2 1 MSSTEPGGGWLIYPVK[1Y[MKEIR - - DL V@R Q H[GAV Fle|K K S
PhoTFB2 del YGG----SKIR[RV[e)efiS - - KIppRJnH[eaRY Y(ey\E H
SsoTFB1™ 1 MLYLSEENKS{ISTPMPPD- - KIMFPAIFXGA]Y I[{SE T[e]E
SsoTFB2 1 MKOJY[MKTDN- AI Thes]VIHK[EM Y\AS T N[8A S
SceTFIIB 1 MMTRESIDKRAGRRGPNLNIVLT[RYE[MKVYPPKIVERFSE[eD VAL L

consensus 1 m kvecpvCgst eliydperGeivCarcgy

Alignment of TFB and TFIIB sequences
TFB stands for archaeal transcription factor
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Translating the DNA sequence -~
starting ? osk: 2 5Yprokarioticd! (2 Leiw ale (Se (6l 0n sl_al Galieukarioticd) 4 4w
Ah L Gliie bagds aludi o 3Y (alss Lo g ol g 418 48 ALWWAUG (methionine) JI ¢icodon
The order of amino acids in any protein is specified by the> <
order of nucleotide bases in the DNA.
Each amino acid is coded by the particular sequence of three
bases.
To convert a DNA sequence
First, find the starting codon. The starting codon is always
the codon for the amino acid methionine. This codon is
AUG in the RNA (or ATG in the DNA):
GCGCGGGUCCGGGCAUGAAGCUGGGCCGGGCCGUGC....
Met
In this particular example the next codon is AAG. The first base
(8'end) is A, so that selects the 3rd major row of the table. The
second base (middle base) is A, so that selects the 3rd column
of the table. The last base of the codon is G, selecting the last
line in the block of four.



The codon table
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5°-Base

U(=T)

UE=T)
Phe
Phe
Leu
Leu
Leu
Leu
Leu
Leu
lle
lle
lle
Met
Val
Val
Val
Val

Middle Base
C A
Ser Tyr
Ser Tyr
Ser Term

Ser Term
Pro
Pro H

Pro Gln
Pro Gln
Thr Asn
Thr Asn
Thr Lys
Thr Lys
Ala Asp
Ala Asp
Ala Glu
Ala Glu

G
Cys
Cys

Term

Trp
Arg
Arg
Arg
Arg
Ser
Ser
Arg
Arg
Gly
Gly
Gly
Gly



The codon table
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Translating the DNA sequence

UAA,UAG,UGAJ s aa b dear L gliwstop codons &) A Laly bty bk

This entry AAG in the table is Lysine (Lys).
Therefore the second amino acid is Lysine.

The first few residues, and their DNA sequence, are as
follows (color coded to indicate the correct location in the
codon table):
Met Lys Leu Gly Arg ...
AUG AAG CUG GGC CGG GCC GUG C..

This procedure is exactly what cells do when they
synthesize proteins based on the mRNA sequence. The
process of translation in cells occurs in a large complex
called the ribosome.



HUMAN GENOME PROJECT (HGP)

HGP is a national effort to sequence and analyze the
human genome which is a very complex system
consisting of 50,000 to 100,000 genes. These genes are

located on 23 base pairs of chromosome. The complete sequence
was complete in 20085.

Some reasons for studying Human genome:
= Better medical practice Lade 5 (al ¥ GLES) 5k
=  High-quality diagnosis of diseases
=  Understanding of evolution fully
cpaalall a4l s Sall g o g8 abeal (lad¥) ailg [ glaill aind agd
= Improvement in biological research and forensic science
Gl (e dalra CilS Llicad | 0550 g AUl Sl pad
= Improvement in agriculture etc.
The latest research on HGP are
= Pulsed electrophoresis
=  Fluorescence microscopy
= 2D gel electrophoresis
= gtc double-stranded subclone inserts




