Seguenciamento de DNA



Lembrando......Ciclo da reacao de PCR
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DNA Site where reverse primer binds
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Site where forward primer binds

Denaturation: Separate DNA
strands with high temperature.
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Primer annealing: Lower
temperature, which allows primers
to bind to template DNA.
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Primer extension: Incubate at a
slightly higher temperature, which
allows DNA synthesis to occur.
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(b) The 3 steps of a PCR cycle

Temperaturas:

Desnaturacao = 94 — 96°C —
1min

Pareamento =» 50 — 65°C- 45s
Extensdo = 68 — 72°C 1 a 2min



Sequenciamento de DNA

Variacao da técnica de PCR na presenca de UM uUnico primer e
pequenas quantidades de nucleotideos que apresentam uma
didesoxiribose ao invés de desoxiribose.

A didesoxiribose NAQ apresenta o grupamento 3’'OH, que é essencial
para a adicao do proximo nucleotideo durante a sintese de DNA

IMPEDEM O TERMINO DA EXTENSAO DA FITA DE DNA



Lembrando o sentido da Replicacao do DNA
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Qual a diferenca entre dNTP x ddNTPS

Auséncia da —OH livre na posicao 3’ no ddNTP, o que
Impede a extensao da cadeia de DNA.
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Técnica de sequenciamento de DNA

- Frederick Sanger e colaboradores (1974)
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label 5 Oligonuclectide primer TF’, dGTP, dCTP, and dTTP

Atividade de edicao — proofreading

Divide solution into four aliquots and add one dideoxynuclectide to each
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Temperaturas:

Desnaturacao =» 94 — 96°C — 2 min
Pareamento =» 50°C- 15s

Extensao = 60°C - 2min
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Sequenciamento manual do DNA

Radioactive
label

Sequence of Sequence of
synthesized template

[ddA] [ddG] [ddc] [aaT] | PNA DNA
— 1.3 W5

—_ G c
—_—T A

A T

_—T A

G - C

c G

c G

-_——T A

A T

A T

G c

5 3




COFOU0CO0O0OO0OULCICHFFO
OO0 O0OFHOCLCCLCOBOOO O

de sequenciamento de DNA
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The Nobel Prize in
Chemistry 1980

Paul Berg Walter Gilbert Frederick Sanger
Prize share: 1/2 Prize share: 1/4 Prize share: 1/4



Sequenciamento Automatico do DNA




Sequenciamento Automatico do DNA
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Sequenciamento Automatico do DNA

desoxinucleotideos normais
(dATP, dCTP, dGTP e dTTP) \

2

equena quantidade de
TCG peq q

didesoxinucleotideo
'\'CA-}/ (ddATP)

A
cT

incorporacgao rara de
ddNTP bloqueia a sintese

primer
5’ da fita de DNA
GCTACCTGCATGGA
*CGATGGACGTACCTCTGAAGCG_
3’ S’

Molécula de DNA
a ser sequenciada



Sequenciamento Automatico do DNA

@ ddATP @ ddcTP @ ddcTpP @ ddTTP

5 3’

AGCTGTAAGTCTATACGTATCGTTAGTGCCTTGACTATGTCCGTA — Template
CGGAACTGATACAGGCAT — Primer

ACGGAACTGATACAGGCAT —

CACGGAACTGATACAGGCAT —

TCACGGAACTGATACAGGCAT —

ATCACGGAACTGATACAGGCAT —

AATCACGGAACTGATACAGGCAT —

CAATCACGGAACTGATACAGGCAT —

GCAATCACGGAACTGATACAGGCAT —

AGCAATCACGGAACTGATACAGGCAT —
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Etapas seqguintes: precipitacéo e purificacao



Sequenciamento Automatico do DNA




Sequenciamento Automatico do DNA

——s Migragdo dos
ww  fragmentos de DNA
- através do capilar

’

Detector | Laser



Sequenciamento Automatico do DNA

Laser

N\

Capilar preenchido

, Janela de deteccéao
com polimero

Fotomultiplicador
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(catodo) (dnodo)
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Sequenciamento Automatico do DNA
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Assignment of sequence

Os ddNTPs que
terminam a sintese sao
marcados com corantes
fluorescentes



A single-stranded DMNA fragment
whose base sequence is to be
determined (the template} is isolated.

with a different fluorescent dye, and
the Sanger sequencing reaction is
carried out.

TEach of the four ddMTPs is tagged

The fragments that end in the same
base have the same colored dye
attached.

The products are denatured, and the
DNA fragments produced by the four
reactions are mixed and loaded into
a single well on an electrophoresis
gel. The fragments migrate through
the gel according to size, ...

...and the fluorescent dye on the
DNA is detected by a laser beam.

ﬂ Each fragment appears as a peak on

the computer printout; the color of

the peak indicates which base is
present.

ﬂThe seqguence information is read
directly into the computer, which
converts it into the complementary

Electrophoresis

target sequence.

Sl CCTATTATGACACAA AEY
ddCTP ddCTP ddTTP ddATP
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Template Primer
strand (sequence

‘ known)

LY CCTATTATGACACAACCGICAEY
EMGCLTEN

LY CCTATTATGACACAACCGCAEY
EYCGATAATACTGTGTTGECGTEY

LM CCTATTATGACACAACCGCAESY
EYNGATAATACTGTGTTGGEGT LR

l : Laser

3

J

MEAATAATACTGTGTTGGCGT

Longest
fragment 1

Detector

Shortest

\_‘?,- fragment




Sequenciamento Automatico do DNA

Cromatograma

t44D

tEED tEDD tEED

TTGTTATCCGC TCACAAT T TCCACHCHRAC
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Sequenciamento Automatico do DNA
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Cromatograma
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1950 1960 1970 1980 1990 2000 2010

- 1980: Préemio Nobel de Quimica

Frederick Walter
Sanger Gilbert



1950 1960 1970 1980 1990 2000 2010

1990: Inicio do Projeto

Genoma Humano

v Obter a sequéncia dos 3 bilhdes de pares de bases
nitrogenadas presentes no genoma humano;



1950 1960 1990 2000 2010

2001
Publicacdo do
Genoma Humano

The sequence of the human genome. Venter, J.C. et al. Science 291, 1304-1351 (2001)
Initial sequencing and analysis of the human genome. Lander, E.S. et al. Nature 409,
860-921 (2001)

Sequenciamento de nova geracao




1982
1995
1996
1997
1998
2000
2001
2008
2010
2011

Sequenciamento de DNA

Fago Lambda — 49 mil pb

Haemophilus influenzae — 1,8 milhao de pb
Saccharomyces cerevisiae — 12 milhoes de pb
Escherichia coli — 5.5 milhoes de pb
Caenorhabditis elegans — 100 milhoes de pb
Drosophila melanogaster — 122 milhoes de pb

Homo sapiens — 3,3 bilhoes de pb

Mammuthus primigenius - > 4 bilhoes de(pb_ =
Homo neanderthalensis — 4 bilhGes de pb

Genomica Pessoal
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