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Proc. Natl. Acad. Sei. USA
Vol. 74, No. 12, pp. 5463-5467, December 1977
Biochemistry

DNA sequencing with chain-terminating inhibitors
(DNA poly /nucleotide seq /bacteriophage ¢X174)

F. SANGER, S. NICKLEN, AND A. R. COULSON
Medical Research Council Laboratory of Molecular Biology, Cambridge CB2 2QH, England
Contributed by F. Sanger, October 3, 1977
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Nobel 1980

“pelas contribuicdes na determinacdo de seqiiéncias
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Procedimento enzimdtico
(Sanger, 1977)

A posigdo das bases é determinada pelo
tamanho dos fragmentos obtidos

através de reagoes de
polimerizagdo
na presenga de
dideoxinucleotideos.
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Polimerizacdo de DNA
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Polimerizacdo de DNA
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ATGCTTCTGECAGATCTGAACAGTGT TACTGATATTCGCTT
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Polimerizacdo de DNA
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Seqtienciamento de DNA

ATGCTTCT

ATGCTTCTGGCAGAT

ATGCTTCTGGCAGATCT
ATGCTTCTGGCAGATCTGAACAGT
ATGCTTCTGGCAGATCTGAACAGTGT
ATGCTTCTGGCAGATCTGAACAGTGI T
ATGCTTCTGGCAGATCTGAACAGTGT TACT
ATGCTTCTGGCAGATCTGAACAGTGTTACTGAT
ATGCTTCTGGCAGATCTGAACAGTGTTACTGATAT
ATGCTTCTGGCAGATCTGAACAGTGTTACTGATATT
ATGCTTCTGGCAGATCTGAACAGTGTTACTGATATTGCT
ATGCTTCTGGCAGATCTGAACAGTGTTACTGATATTGCTT
ATGCTTCTGGCAGATCTGAACAGTGTTACTGATATTGCTT
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Nucleotideos Radioativos

[S*]dNTPuS oos .
i i ! - ‘0pPpoCH, Adenina
A baixa energia da emissio  do § 000 /,/0 .
resulta em bandas mais nitidas o que tpa '(
aumenta a eficiéncia de leitura no topo \ /
it é ‘ Meia-vida
oH H

energia média 50% superior a de 5. As se-
quéncias geradas utilizando-se P* apresentam
tempos de exposicio mais curtos e de mesma OH H
resolucio daquelas obtidas com S*.
[o-P IdATP

do gel. A menor energia p Energia (MeV)
p menor de g
permitindo o armazenamento das rea¢des s* 874 dias 0167
por tempos mais prolongados do que as [S“]dATPoS
reagdes com incoporagiio de P”. P* 14,3 dias 1,10

2 P* 255 dias 0,249
[P*]dNTP
A maior energia da emissao |} do P* a de
tempos de iGa tanto api menor @0 e estabili-
dade das reacdes que ndo deven ser armazenadas por tempos prolon-
gados.
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Seqtienciamento de DNA
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Seqlienciamento de DNA
ATCCTTC —
ATCCTTCTG —
ATCCTTCTGG —
ATCCTTCTGEC —
ATGCTTCTGGCA —
ATGCTTCTGECAG —
ATGCTTCTGECAGA —
Aendeoer ——
Aengeag —

o —
ATGCTTCTGGCAGATCTGA —
ATGCTTCTGECAGATCTGAA —
ATGCTTCTGGCAGATCTGAAC —
ATGCTTCTGECAGATCTGAACA —
ATGCTTCTGECAGATCTGAACAG —
ATGCTTCTGECAGAT CTGAACAGT —
ATGCTTCTGGCAGATCTGAACAGIG —
ATGCTTCTGECAGAT CTGAACAGT —
ATGCTTCTGGCAGATCTGAACAGTG —
ATGCTTCTGECAGATCTGAACAGIGI TA —
ATGCTTCTGECAGATCTGAACAGTGTTAC —
ATCCTTCTGECAGAT CTGAACAGT GT TACT —
ATGCTTCTGECAGATCTGAACAGTGITACTG —
ATGCTTCTGECAGAT CTGAACAGT GT TACTGA —
ATGCTTCTGECAGATCTGAACAGTGT TACTGAT —
ATCCTTCTGECAGAT CTGAACAGT GT TACTGATA —
ATGCTTCTGGCAGATCTGAACAGTGITACTGATAT — —
ATGCTTCTGGCAGATCTGAACAGT GT TACTGATATT —
ATGCTTCTGGCAGATCTGAACAGT GITACTGATATTG -
ATGCTTCTGECAGATCTGAACAGT GT TACTGATATTGC
ATGCTTCTGECAGATCTGAACAGTGT TACTGATATTGCT G A T C
ATCCTTCTGECAGATCTGAACAGTGT TACTGATATTGCT T

Emm A TECTTC GGCAGATCTGAACAGTGTTACTGATATTGCTT )
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NORMALIZED EMISSION INTENSITY
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Color of Raw Data on | Color of Raw Data
Accaptor AEBI Prism 3700 ar 310 on ABI Prism 37T
Terminator Dye Elsctropheragrams | or 373 Gel Image

A dREG Green Green

c AROX Red Red

k=] dR110 Elus Blue

T ATAMEA Black Yelloa

Rhodamine Emission Spectra

NORMALIZED EMISSION INTENSITY
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Table 2-8 ABI Prisu 310, ABI 373 with BigDye Filler Wheel, and ABI Prisu 377

Chemistry Recommendations

dRhodamine|
Terminator

BigDye
Terminator

BigDye
Primer

DNA Sequancing Application

D nowo sequencing—high throughput

T
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‘De nowo sequencing—mid-to-low thioughput
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rative segquenc;
{gemmline mutaions 50:50 heterozypotes)

Comparative sequencing
(somatic mitalions. 30 70 heterozygates)

Comparative sequencing

w

(somatic mutations 10-60

Gene walking (custom primers)

Shotgun sequencing (Unwersal primers, M13)

Delation chone sequencing [universal primers)

Gap closure (custom primers)
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DMNA Sequance Contaxt

GC-rich ~65%

[AT-rich ~65%

GT-rlch reglons

Hamopalymer Aor T =25 bp?
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Template

Piasmid (<15 kb}

[TE]

BAC, cosmid, lambaa, large PCR product

Bacterial genomic DNA

PCR amplicon

PCR amplican (heterozygous 5050}

POR ampileon (heterozygous 50:70)

PCR amplicon 10:80)
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a.R = mcommended, S = salisfactary, N = nat recommanded
b ssquencing i have diffcultios with

»a0bp.
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Proc. Natl. Acad. Sci. USA
Vol. 74, No. 2, pp. 560-564, February 1977
Biochemistry

A new method for sequencing DNA

(DNA chemistry/dimethyl sulfate cleavage/hydrazine/piperidine)

ALLAN M. MAXAM AND WALTER GILBERT
Department of Biochemistry and Molecular Biology, Harvard University, Cambridge, Massachusetts 02138

Contributed by Walter Gilbert, December 9, 1976
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Seqtienciamento de DNA

ATTCCACACHAACATHAHC GAGCCGGAAGCATAAAG
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Procedimento quimic
DNA o idade 5' 1
i M (Maxam & Gilbert, 1977)
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Seqlienciamento de DNA

1996, tese de mestrado:
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