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DNA sequencing

1, Maxam-Gilbert sequencing

2, Sanger-Coulson sequencing

3, Next Generation Sequencing
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Maxam-Gilbert sequencing (chemical cleavage

method using double-stranded (ds) DNA)

1.

Double-stranded DNA to be sequenced is labelled by attaching a
radioactive phosphorus (32P) group to the 5' end.

Using dimethyl sulphoxide and heating to 90°C, the two strands of the DNA
are separated and purified

Single-stranded sample is split into separate samples and each is treated
with one of the cleavage reagents.

If reactions have been arranged to give only one, or a few, cleavages per
DNA molecule, a nested set of end-labelled DNA fragments of different
lengths is produced.

The samples are run together on a sequencing gel which separates the
fragments by electrophoresis depending on their size. DNA bands in the gel
are visualized by autoradiography

The DNA sequence is read directly from the gel
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Maxam-Gilbert sequencing

Base specificity

Chemical used for
base alteration

Chemical used for
altered base

Chemical used for
strand cleavage

removal
G Dimethylsulphate Piperidine Piperidine
A+G Acid Acid Piperidine
C+T Hydrazine Piperidine Piperidine
C Hydrazine + alkal Piperidine Piperidine
A>C Alkali Piperidine Piperidine




Maxam-Gilbert sequencing

AUTORADIOGRAM OF SAMPLE
MAXAM-GILBERT SEQUENCING GEL
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Sanger-Coulson sequencing (chain termination
method using single-stranded (ss) DNA)

1. Sample DNA to be sequenced is clonded into M13 vector DNA to generate ssDNA.

2. A short oligonucleotide primer (usually chemically synthesized and sometimes
labelled ) is added to the ss recombinant DNA.

3. DNA polymerase is then added in the presence of: 4 normal nucleotides: d-ATP, d-
CTP, d-GTP and d-TTP (one or more of which are labelled with 32P) and a low
concentration of 4 analogues of the normal nucleotides in separate incubation mixes.

4. Complementary strand synthesis occurs away from the primer.
5. Each of the 4 mixes is run together on a sequencing gel which separates the
fragments by electrophoresis depending on their size. DNA bands in the gel are

visualized by autoradiography.

6. The DNA sequence is read directly from the gel in a similar way to a Maxam-Gilbert
seqguencing gel.
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Structures of ribonucleoside triphosphate (NTP),
deoxyribonucleoside triphosphate (dNTP), and
dideoxyribonucleoside triphosphate (ddNTP)
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Sanger-Coulson sequencing
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5 #P-TAGCTGACTCZ

2 ATCGACTGAGTCAAGAACTATTGGGCTTAA ..

DNA polymerase
+dATR dGTR, dCTR, dTTP
+ddEGTE in low concentration

B #FP-TAGCTGACTCAGS

3 ATCGACTGAGTCAAGAACTATTGGGCTTAA ...

+
B EP-TAGCTGACTCAGTTCTTGS

3 ATCGACTGAGTCAAGAACTATTGGEGCTTAAL ...

+
B HEP-TAGCTGACTCAGTTCTTGATAACCCGE 3

3 ATCGACTGAGTCAAGAACTATTGGGCTTAA ...



Sanger-Coulson sequencing

AUTORADIOGRAM OF SAMPLE
SANGER-COULSON SEQUENCING GEL
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Dideoxy DNA sequencing of a theoretical DNA fragment
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— Radioactive
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Reaction: ddA ddC ddG ddT
DNA products: 5* AAA AAA AA AA
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Sequence deduced from banding pattern
of autoradiogram made from gel:

5 A-G-C-C-T-A-G-A-C-T &
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Dideoxy Sequencing of DNA

Movie
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AUTOMATED DNA SEQUENCING

It is based on the Sanger-Coulson chain termination method but the 4 different
dideoxy nucleotides (ddA, ddC, ddG and ddT) are fluorescently labelled.

4 different fluorophores are used, all 4 reactions can be run in the same tube.
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Genome Seguencing

DNA extraction

Clone into Vectors
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Yransform ba:lcna. gww isolate vector DNA

sequence the library

m%%mmm

Assemble connguous fragmnts

s N i P o G i - e g



H
Chromosome Walking
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Genome shotgun sequencing

random genome
tragmentation

genome assembly
using overlaps

. CRACCGTAARTGGGCTEATCATGCTTARA
TGATCATGCTTAAACCCTGTGCATCCTACTG. . .

« + +ACCGTAARATGGGCTCATCATOCTTAAACCCTGTGCATCCTACTG. . .
Strand Sequence
Original AGCATGCTGCAGTCATGCTTAGGCTA
First shotaun sequence AGCATGCTGCAGTCATGCT--——-—-
gu quence TAGGCTA
Second shotgun n AGCATG =77 mm e
ond shofgun sequence —— ______ CTGCAGTCATGCTTAGGCTA

Reconstruction

AGCATGCTGCAGTCATGCTTAGGCTA
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" Genome shotgun sequencing

HUMAN GENOME PROJECT (HGP) 1990 CELERA GENOMICS
Hierarchical Shotgun 1998

(“map-based”, "BAC-based”, Whole Genome Shotgun
“clone-by-clone”)

1 + ACCGTARATGGGCTGATCATGCTTANA

‘ TCATCATOCTTAMACCCTOTCCATCCTACTG. . .
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+ + ACOGTARATCGGGCTGATCATGCTTAAN
TCATCATCCTTAANCCCTIOTCCATCOCTACTG. . .

+ JACOCTAAATOOGCTGATCATCCTTAAACCOTOTOCATCCTACTG . .. .



Next Generation Sequencing

DNA extraction

Clone into Vectors
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Transform bacteria, grow, isolate vector DNA

1. Roche 454 pyrosequencing

2. lllumina (Solexa) sequencing

i:@::% 3. SOLID sequencing
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Roche 454 Sequencing,
based on sequencing-by-synthesis

Nucleotides are flowed sequentially in a fixed order across the
PicoTiterPlate device during a sequencing run.

During the nucleotide flow, hundreds of thousands of beads each carrying
millions of copies of a unique single-stranded DNA molecule are sequenced
in parallel.

If a nucleotide complementary to the template strand is flowed into a well,
the polymerase extends the existing DNA strand by adding nucelotide(s).

Addition of one (or more) nucleotide(s) results in a reaction that generates a
light signal that is recorded by the CCD camera in the instrument.

The signal strength is proportional to the number of nucleotides incorporated
in a single nucelotide flow.
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ssDNA template is hybridized to a sequencing primer and incubated with the

enzymes DNA polymerase, ATP sulfurylase, luciferase and apyrase, and with
the substrates adenosine 5° phosphosulfate (APS) and luciferin.

Addition of one of the four dNTPs, DNA
polymerase incorporates the correct,

complementary dNTPs onto the template. & -
This incorporation releases pyrophosphate . |
(PPi) stoichiometrically. '

Signal image

ATP sulfurylase quantitatively converts PPi
to ATP in the presence of adenosine 5°
phosphosulfate.

. . p L
This ATP acts as fuel to the luciferase-
mediated conversion of luciferin to
e . .. ) ) a ATP
oxyluciferin that generates visible light in iR luctern
amounts that are proportional to the amount \_,\i,—/

of ATP. The light produced in the luciferase- o S sk
catalyzed reaction is detected by a camera.

Unincorporated nucleotides and ATP are

degraded by the apyrase, and the reaction

can restart with another nucleotide.



Roche 454 Sequencing

a Roche/454, Life/A”G, Polonator
Emulsion PCR

One DNA moleculz per bead. Clenal amplification to thousands of copies occurs in microreactors in an emulsion
100200 million beads
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llumina Solexa
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llumina Solexa

PREPARE GENOMIC DNA
SAMPLE

1.

2. ATTACH DNA TO SURFACE
|

3. BRIDGE AMPLIFICATION

Randomty fragment genomic DNA

and ligate adapters to both ends of
the fragments

Bind singe-strandad fragments

randomiy to the Inside surface of the
flow cell channels.

Add uniabeled nucieotides and en-
zymae to Initiate solld-phase bridge
amplfication,
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llumina Solexa

4. FRAGMENTS BECOME §. DENATURE THE DOUBLE- 6. COMPLETE AMPLIFICATION
OOUBLE-STRANDED STRANDED MOLECULES

The enzyme Incorporates nuckotides Dena turs on leaves dnglestranded Several million dense dusters of
to bulld double stranded bridges on templates anchored to the substfate. doublestrandod DNA e genarat-
the solld-phace substrate. ed In vach channel of the flow cell.
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llumina Solexa

7. DETERMINE FIRST BASE

The firet saquancing cyck begins
by adding four labsied reversibl
terminatocs, primers, and DNA

polymerse.

8, IMAGE FIRST BASE

After laser axcitation, the emit.
tod fluorascence from each dustaer
Is captured and the first base s
Identifiod.,

9. DETERMINE SECOND BASE

Tha next cyck repaats the Incor-
poration of four labeked reversible
teerninators, primaers, and DNA

polymerase.
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llumina Solexa

10. IMAGE SECOND CHEMISTRY
CYCLE

After laser sxcitation, the Image Is
captured 2 bafore, and the Idantity

of the second bass Is recorded.

11. SEQUENCING OVER MUL.
TIPLE CHEMISTRY CYCLES

o —
®,
o

o —
L
o

® +— &

‘s GCTGA.

The sequencing cycls a9 repeated

to daterming the sequence of bases

In a fragment, one base at 3 time,

12. ALIGN DATA

L)
GCIGATGIGCOGCCTICACTCORGTGO

CACICCYIOTGG
CICACICCNOIGO
- QUIQAI O POCCACCICA

COATOTOCCAC CTCACTC
SIGCOBLCTICADICEYD

CICCAGIG0
- — L
it gt el o

The data are aligned and com-
parad to 3 refarsnce, and sequenc-
Ing differences are Idantiflad.
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Life/APG’s SOLID

Life/APG — Sequencing by ligation

Universal seq primer (’21 3
,3
ﬁ

1,2-probes

¥, y Interrogation bases
n Degenerate bases
z Universal bases
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Repeat ligation cycles

{ RTTTTTTTTTLGNEG,

Reset primer (n —

¥

Ligationcycle1 2 3 4 5 6
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T T TN I TIYY

AT 'I'r ‘or'GT TT CA GC

GA CA AA BT CG

1), repear ligaticn cycles

,// \\
Primerroundz |i Tl IJI} 1base shift

Universal seq

primer (n— 1) —%

\

AACTGC'IGATCCCG

. ﬁ%mﬂm Y
=
®e

GR C3 AC TA GG GC

Reset primer three more times

‘Two-base encoding each target\
nuclectide is interrogated twice

Template
sequence

Alignment of colour-space reads 10
calour-space reference genome

» - %
¥ SNP
TCGGATTCAGCCTEGCTGCTCTATCA
A



Third Generation Sequencing

DNA sequencing methods currently under development
include labeling the DNA polymerase, reading the
sequence as a DNA strand transits through nanopores,
and microscopy-based techniques, such as AFM or
transmission electron microscopy that are used to identify
the positions of individual nucleotides within long DNA
fragments (>5,000 bp) by nucleotide labeling with heavier
elements (e.g., halogens) for visual detection and

recording.




Polymerase Chain Reaction (PCR)
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polymerase chain reaction (PCR)
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" polymerase chain reaction (PCR)

movie
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polymerase chain reaction (PCR)

Diagnostic Applications of PCR

* detecting pathogens using genome-specific primer pairs
* screening specific genes for unknown mutations

* genotyping using known STS markers

Subcloning DNA targets using PCR
* T/A Cloning

 Restriction Site Addition

 Blunt-end Ligation

PCR-mediated in vitro mutagenesis

Generation of DNA probes

Amplification of differentially-expressed gene sequences
« Differential display reverse transcriptase PCR (DDRT-PCR)

« Suppression subtraction hybridization (SSH)
« Amplification of cell-specific transcripts using RT-PCR
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