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Timeline

1944: Avery, O.T.,et al n S
on the chemical nature of the
substance inducing
transformation of Pneumococcal
typeso

1953: Watson J.D. and Crick
F.H.C. A S$tructure for
Deoxyribose NucleicAc i d n

1953: Watson J.D. and Crick F.H.C.
fGenetical Implications of the
structure of DeoxyribonucleicAc i d i

1959 1 First homeogenous DNA
purified




Timeline

197071 First discovery of type Il
restriction enzymes

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 e
sequencing trials ($0.75/base)

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

1995: Craig Venter at TIGR
published the Haemophilus
iInfluenzae 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
ANeGdno

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

2003: HGP ncompl et

released. ENCODE project
launched

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

http://bit.lyv/oNKUDJ



llluminaera Timeline

1998: Shankar
Balasubramanian and David
KI ener man patent 0F

reproducing mol ecul Y

and found Solexa

2001: £12 million series A
funding

2003: Mercier, J.-F., e t a l

2004: Solexa acquires Solid
phase DNA amplification method




llluminaera Timeline

2006: Solexa release Genome
Analyser |

2007: lllumina acquires Solexa

2008: lllumina releases GAIl

2008: Human microbiome
project launched

2010: lllumina HiSeq 2000 released
2011: MiSeq launched
2012: ENCODE publications

2012: lllumina HiSeq 2500 released
2013-2015: RIP 454




Review of Sanger Sequencing




Fred Sanger 1918-2013

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

transfor med

our research worl d.

0



The challenge of DNA sequencing

A 1953¢ Double helix discovered
A 1971- First DNA sequence determined (12bp
A 1977¢ Sanger sequencing method published

A Why did it take so long?



Some possible reasons

A The chemical properties of different DNA molecules were so similar that it
appeared difficult to separatdhem

A Thechain length of naturally occurring DNA molecus®such greater
than for proteins and made complete sequencsggmunapproachable.

A The20 amino acid residues found in proteins have widely varying
properties that had proven useful in the separation of peptides.

I Onlyfour bases in DNAadesequencing a more difficult problem for DNA
than for protein.

A NobasespecificDNAasesvere known.

I Proteinsequencing had depended upon proteases that cleave adjacent to
certain aminaoacids

A DNA was considered boring compared to proteins

Clyde A. Hutchison IlI
DNA sequencing: bench to bedside and beyond Nucl. Acids Res. (2007) 35 (18): 6227-6237 a



Steps on the road to sequencing

A 1959¢ Firsthomeogenou®NA purified

A 1970c¢ First discovery of type Il restriction enzymes

A 1972c¢ First RNA gene sequence published (lac
operon)

A 1975¢ Sanger first publishes his plus/minus
method of sequencing (unable to distinguish
homopolymers$

A 1977¢ Maxamé& Gilbert publish their method
(could distinguisthomopolymers

A 1977¢ Sanger publisheBideoxysequencing
method

Clyde A. Hutchison IlI
DNA sequencing: bench to bedside and beyond Nucl. Acids Res. (2007) 35 (18): 6227-6237 a



MaxamGilbert Sequencing

Pi:f Natl. Acad. Sci. USA
Vol. 74, No. 2, pp. 560-564, F 1877
Bmlwmlstry ebruary

A new method for sequencing DNA
(DNA chemistry/dimethyl sulfate cleavage /hydrazine /piperidine)
ALLAN M. MAXAM AND WALTER GILBERT
Department of Biochemistry and Molecalar Biology, Harvard University, Cambridge, Massachusetts 02138
Contributed by Walter Gilbert, December 9, 1976

ﬂﬂtﬂ.ﬁﬂ DNA can be mmnﬁ%‘;}f a chemical prﬂcﬁ:— THE SPECIFIC CHEMISTRY
dure that breaks a terminally labeled molecule parti . .
at each repetition of | %‘ of the labeled f 1 I’r A Guanine/Adenine Cleavage (2). Dimethyl sulfate

then identify the positions of that base, We describe reactions methylates the guanines in DNA at the N7 position and the
that cleave DNA Hﬂhllhll!um:lﬂ,llldmim,ntcy adenines at the N3 (3). T]leg]yt:usidicbﬂnduflm&ﬂ:lylllﬁd

tosines and equally, and at cytosines alone. When the purine is unstable (3, 4) and breaks easily on heating at neutral
mmd&mfmmmmmmhﬂhrsimbrelw pH, leaving the sugar free. Treatment with 0.1 M alkali at 90°
‘ragheresis o 1 gel, the DNA sequence can be then will cleave the sugar from the neighboring phosphate

reed dessvrihe pattern of radioactive bands. The technique will
sequencing RS groups. When the resulting end-labeled fragments are resolved
of at least 100 from the point of la- on a polyacrylamide gel, the autoradiograph contains a pattern
of dark and light bands. The dark bands arise from breakage
We have developed a new technique for sequencing DNA at guanines, which methylate 5-fold faster than adenines (3).
melncades. The prosedure determines the nucleotide sequence This strong guanine/weak adenine pattern contains almost
of a terminally labeled DNA molecule by breaking it at ade- half the information necessary for sequencing; however, am-

mime, guanine, cytosipe, or t ine with chemical agents. ties the interpretation of this pattern beca
m-‘-ﬂﬂurmﬂhuma Lﬂ'rt‘rwlmgf:un blgl“ unrir'jm‘u‘l 1 harnde ic rud aaer bn acooee an‘llﬂ’nrrnf




MaxamGilbert Sequencing

Dimethyl

Dimethyl Sulfate Hydrazine
Sulfate + Hydrazine +
Formic Aci NaCl

g Y 1
f—G  f—G Yi—C l )

/ m— oy
Radio label 3 — 3 —
Y pm— Y p—TT

MaxamGilbert sequencing is performed bizain
breakageat specific nucleotides.



MaxamGilbert Sequencing

G G+A T+CC

Longer fragments
 —

Shortest fragments
Hm

UOrPO00100>P2>2002>2>w

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



Sanger ddeoxyseguencing method



