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Review of Sanger Sequencing




Dr. Fred Sanger

Double Nobel laureate and developer of the
dideoxy sequencing method, first published in
December 1977. [Credit: Wellcome Images]

"Fred Sanger is a quiet giant, whose discoveries and inventions

transf or med

our research worl d.
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MaxamGilbert Sequencing

Dimethyl

Dimethyl Sulfate Hydrazine
Sulfate + Hydrazine +
Formic Aci NaCl
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MaxamGilbert sequencing is performed bizain
breakageat specific nucleotides.



MaxamGilbert Sequencing

G G+A T+CC

Longer fragments
 —

Shortest fragments
H

OrPO001002>2002>2>w

Sequencing gels are read framttom to top (5 to 3).



Chain Termination (Sanger) Sequencir

A A modified DNA
replication reaction.

A Growing chains are

terminated by . NitEJSbase . NitEgibase
dideoxynucleotides. s s S
OH H HooH

dNTP ddNTP
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Chain Termination (Sanger) Sequencing

The 3-OH group necessary for formation of the
phosphodiester bond is missing in ddNTPs.
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Chain Termination (Sanger) Sequencing

A A sequencing reaction mix includes labeled primer
and template.

Primer
Y
s or YT o
¢/ D! /] DDD/ X
K \ - J
Template "4l

Template area to be sequenced

A Dideoxynucleotides are added separately to each of
the four tubes.



Chain Termination (Sanger) Sequencing

AGCTGCCCG

ddATP+ ddA
four dNTPs  dAdGdCdTdGdCdCdCdG

(=0

~ ddCTP+ dAdGIdC

four dNTPs dAdGdCdTd&dC
dAdGdCdTdGdEIC
dAdGdCdTdGdCdaC

(4 ddGTP+ dAddG

four dNTPs dAdGdCdadG
dAdGdCdTdGdCdCdds

ddTTP+ dAdGdCdT
four dNTPs  dAdGdCdTdGdCdCdCdG



Chain Termination (Sanger) Sequencing

A With addition of enzyme (DNA polymerase), the
primer Is extended until a ddNTP Is encountered.

A The chain will end with the incorporation of the
ddNTP.

A With the proper dNTP:ddNTP ratio, the chain will
terminate throughout the length of the template.

A All terminated chains will end in the ddNTP added to
that reaction.



Chain Termination (Sanger) Sequencing

A The collection of fragments issaquencing
ladder.

A The resulting terminated chains are resolved
oy electrophoresis.

A Fragments from each of the four tubes are
nlaced In four separate gel lanes.




Dideoxy
Method

ARun four separate
reactions each with
different ddNTPs
ARun on a gel in four
separate lanes
ARead the gel from
the bottom up




Cycle Sequencing

A Cycle sequencing is chain termination
sequencing performed in a thermal cycler.

A Cycle sequencing requires a hatdble DNA
polymerase.



Fluorescent Dyes

A Fluorescent dyes are multicyclic molecules
that absorb and emit fluorescent light at
specific wavelengths.

A Examples are fluorescein and rhodamine
derivatives.

A For sequencing applications, these molecules
can be covalently attached to nucleotides.



Fluorescent Dyes

A In dye primersequencing, the primer contains
fluorescent dyeconjugated nucleotides, labeling the
seqguencing ladder at the Bnds of the chains.

A In dye terminatorsequencing, the fluorescent dye
molecules are covalently attached to the
dideoxynucleotides, labeling the sequencing ladder
at the 3 ends of the chains.

ddA 3



Dye Terminator Sequencing

Al RAAGAYOU Reé&S 2NJ aOz2f 21
ddNTP
A Since the terminating nucleotides can be

distinguished by color, all four reactions can be
performed in a single tube.

(O The fragments are
—  [AC distinguished by size and
) a0zt 2 NIé

0000



Dye Terminator Seguencing

The DNA ladder Is resolved in one gel lane or |

a capillary.
%
4

Slab gel Capillary

GA
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Dye Terminator Seguencing

A The DNA ladder is read on aictropherogram.

Slab gel Capillary

Electropherogram

<

5 AGICIG

/Q_I AL QRIS




Automated Version of th®ideoxy
Method




Automated Sequencing

A Dye primer or dye terminator sequencing on capillary
Instruments.

A Sequence analysis software provides analyzed sequence il
text andelectropherogranform.

A Peak patterns reflect mutations or sequence changes.

T/T T/IA A/A

|

5 AGTCTG 5 AG(T/H)CIG 5 AGACTG




First generation (Sanger) sequencing

throughput

read length

accuracy

price per raw base

50-100kb, 96 sequences pe

run
0.5-1.1kbp

high quality bases99%:
~900bp
very high quality bases
99.9%: ~600bp
99.999%: 40400bp

~400k/Gb



Sanger Sequencing
Useful videos
A http://www.youtube.com/watch?v=91294ZAG
2hg&feature=related

A http:// www.youtube.com/watch?v=bEFLBf5W
Etc&feature=fvwrel



http://www.youtube.com/watch?v=91294ZAG2hg&feature=related
http://www.youtube.com/watch?v=91294ZAG2hg&feature=related
http://www.youtube.com/watch?v=bEFLBf5WEtc&feature=fvwrel
http://www.youtube.com/watch?v=bEFLBf5WEtc&feature=fvwrel
http://www.youtube.com/watch?v=bEFLBf5WEtc&feature=fvwrel

Timeline

1972: sequencing of the first
gene from RNA by Walter Fiers

1976: sequencing of the first

complete genome by Fiers
(Bacteriophage MS2 which infects

1977: Maxam AM, Gilbert W. "A new
method for sequencing DNA".

1977. Sanger F, Nicklen S, Coulson
AR. "DNA sequencing with chain-
terminating inhibitors"

http://1.usa.gov/noyyPOnttp://bit.ly/nHN8Tw



Timeline

1985-86: Leroy Hood use
fluorescently labeled ddNTPs,
set the stage for automated
sequencing

1987: Applied Biosystems
markets first automated
sequencing machine (ABI 370)

1990: National Institutes of
Health (NIH) begins large-scale G c
sequencing trials ($0.75/base)

Human Genome Project (HGP)
begins, $3-billion and 15 years

1995: Craig Venter at TIGR
published the Haemophilus
Influenzae genome. First use of
whole-genome shotgun
sequencing

http://bit.Iv/2KrFpO http://bit.ly/glOD18
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Timeline

1998: Green & Ewing publish
Aphredo base cal

2000: Sydney Brenner and Lynx
Therapeutics pub
parallelized bead-base

sequencing tech, launches
ANe@dno

2001: HGP/Celera draft assembly
published in Nature/Science

2003: HGP ncompl et
released

2004: 454 releases pyrosequencer, costs 6-fold
less than automated Sanger sequencing

http://bit.lyv/oNKUDJ



Human genome project




