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Como conhecer as sequéncias presentes
em um genoma e/ou quais estiao sendo
expressas (RNA e proteinas)?

* Hibridizacao com sondas conhecidas
* Sequenciamento




Técnicas de “Blotting”

Southern blot diz respeito a uma técnica utilizada na Biologia Molecular pela qual é possivel verificar
se uma sequencia de DNA especifica (gene de interesse) esta ou nao presente na amostra em analise
que contem uma mistura complexa (genoma inteiro de organismo digerido pro enzima de restricao).

northern blot é uma técnica usada na Biologia Molecular para estudar a expressao génica, ou seja,
verificar se um determinado gene de um genoma ¢ ou nao transcrito em RNA e quantificar isso. Essa
técnica tem tal nome devido a similaridade de seu procedimento com o Southern blot (batizada
pelo bidlogo britanico Edwin Southern; com a diferenca chave de que, em vez de DNA, a substancia
analisada por eletroforese com uma sonda hibridizadora é RNA).

western blot ¢ um método em biologia molecular e bioquimica para detectar proteinas em um
homogenato (células bem trituradas) ou um extrato de um tecido biologico. Essa técnica usa
cletroforese em gel para separar as proteinas desnaturadas por massa.
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Gene of interest

© DNA containing the gene of interest is
extracted from human cells and cut into
fragments by restriction enzymes.
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) The DNA bands are transferred to a nitrocellulose
filter by blotting. The solution passes through the
gel and filter to the paper towels.
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© The filter is exposed to a radioactively labeled
probe for a specific gene. The probe will
base-pair (hybridize) with a short sequence
present on the gene.
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Smaller fragments

€ The fragments are separated according to size by
gel electrophoresis. Each band consists of many
copies of a particular DNA fragment. The bands
are invisible but can be made visible by staining.

Nitrocellulose
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DNA
transferred
to filter

©) This produces a nitrocellulose filter with DNA
fragments positioned exactly as on the gel.

Developed ———
film
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( The filter is then exposed to X-ray film. The
fragment containing the gene of interest is
identified by a band on the developed film.

Southern blot

Por Edward Southern

https://www.youtube.com/watch?v=319wzwjOb_A

http://www.biologyexams4u.com/2013/12/southern-blotting-procedute-steps.html#. WaQd3PkrLIU
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http://enfo.agt.bme.hu/drupal/en/gallery/8930



A8 1. Load and separate protein

sam@n SDS-PAGE
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2. Electrophoretically transfer
fractionated proteins onto PVDF

3. Blockthe membrane
with neutral protein
(BSA or milk casein)
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6. Incubate the blot with
chemiluminescent HRP

substrate and expose to film

5. Incubate the membrane
with HRP-labeled secondary
antibody specificto primary
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Detection in Western Blots
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http:/ /microbeonline.com/western-blot-technique-principle-procedures-advantages-and-disadvantages/



Limitagdes das Técnicas

* (Qualitativa ou semiquantitativa
* Uma sonda utilizada por vez

* Depende de uma sequéncia conhecida previamente (sonda)

Ainda MUITO utilizadas para confirmacao de

transgé€nicos, validagcao de dados de transcritomicos
protedomicos!




Como obter as sequéncias??




Tecnologias para o sequenciamento de DNA

Tecnologias de primeira geracao:

* Método Maxam & Gilbert (1977)*
- Método de degradacao quimica

* Método Sanger (1977)
- Método enzimatico, dideoxi ou de término da cadeia

- Sintese enzimatica de uma fita complementar de DNA, cujo

crescimento ¢ interrompido pela adicdto de um
dideoxinucleotideo (ddNTP)

Frederick Sanger

Prémio Nobel em Quimica (1980)

*Produtos toxicos e perigosos a saude, além da dificuldade de automatizagao, essencial para o
sequenciamento de um genoma completo.
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Figure 4A.4 Sequencing an oligonucleotide by the
Maxam-Gilbert method
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ETAPAS DO SEQUENCIAMENTO DE DNA

Preparagao do DNA

Reacao de sequenciamento

$

v

Analise computacional

https://www.dnalc.org/resources/animations/cycseq.html



Preparacao do DNA
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Nucleotideos dNTPs
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Reag¢ao de Sequenciamento

Primer... " DACCADADOMDO
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Sequéncia conhecida Sequéncia desconhecida

DNA polimerase

Terminadores Nucleotideos
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Desnaturacao do DNA
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Anelamento dos Primers

PRIMER
N I
N

Sl FITA COMPLEMENTAR

Kl FITA MOLDE




Anelamento dos Primers
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AGGTCGCATTCGAGTTC

TCCAGCGTAAGCTCAAG ACGTCAGATAACGATCAGTCA
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M  Polimerizagao

AGGTCGCATT
TCCAGCGTAAGCTCAAGTACTCGCACGTCAGATAACGATCAGTCA

DNA POLIMERASE

AGGTCGCATT

TCCAGCGTA AGH b TACTCGCACGTCAGATAACGATCAGTCA

FITA MOLDE

DNA POLIMERASE

AGGTCGCATTCGAG

TCCAGCGTAAGCTCA/ CGCACGTCAGATAACGATCAGTCA

FITA MOLDE
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Terminacao

ddTTP
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Eletroforese Capilar

-

ABI 3700 Applied Biosystems




Eletroforese capilar










Deteccao
a laser
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Analise Computacional
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ACTTGACGTAGCTAC

AGCTACGTTACCTATAGGTACGTTAC
TACGTTACGGAGGCTATCGCGAT
/ /TCGCGATGAGATCAAA

Fragmentos de DNA sequenciados

AC“GACGTﬁEEﬂEGTTACCTATAGGT&EEMEGGAGGCT“*E@EE&?GAGATCAAA

ACTTGACGTAGCTACGTTACCTATAGGTACGTTACGGAGGCTATCGCGATGAGATCAAA

ACTTGACGTAGCTACGTTACCTATAGGTACGTTACGGAGGCTATCGCGATGAGATCAAA

NG s

Fragmentos Completos



Biblioteca de insertos pequenos

Montagem dos fragmentos

Fechamento dos gaps

‘ Analise

ERiE e




ﬁ {Metscape: LEI Hu...l claudia@LFT-33... | 2 Consed Main Wind...l

e Aigned Reads o

File Havigate Info Color Din Hisc Help |
i01F12.Fasta.screen.ace.3 Contigl Sone Tagsl Pos; 1 clear |
)
Find Hain Hin Errflﬂkh:! I 0,00

Search fnr Strlng

Conpl Cont

Conpare Cont

- — =2 L e ; T— sz m

TTCkACTGCGAT*CGCCGACGAC
ETC+ACTGogatxcgxCCGa

TTL*AL TGLGAT#Lg*LLLALGACCLCoAEteRC oA L oo

GCCTACEGCARGEGG*AAGCTCGLCG#GECERCkGA T Lk ACCCT#CA
cTACCGCAAGEGG*AAGC TCGECG:GECC kG TExkACCET #CA

TTE*QETGEGQT*EG*ECGQEGﬁEETEGQETE*EG*EEEGGGECGcctEEGQEGEETQEEGEQQGEGG*ﬁﬁGETEGEEG*GEEE*E*G*TE**QEEET*EQ' |
TTC+ACTGLGAT#CExCCGACGACCTCGACT CCG*CCCGGGEECGEc tCEGACGLETACCGEARGEGGARGE TCGECG*GLEC# CkGx T Ok ACCCTHEA™ | |
TTC+ACTGLGAT#CExCCGACGACCTCGACT CCG*CCCGGGEECGEctcCGACGLETACCGEARGEGG*ARGE TCGECG*GLEC# CkGx T Ok ACCCTHEA ||
TTC#ACTGCGAT#*CG#CCGACGACCTEGACTC#CG#CCCGGEGEECGECTCLGACGLCTACCGLARGEGE#*AAGCTCGLCG#GLCCHCx G T Lok ACCCT#EA | |
TTC#ACTGCGAT#*CGxCCGACGACCTCGACTC#CG#CCCGGEGEECGECTELGACGLCTACCGLAAGCGE#AAGETEGLCG#GLCCHCx G Tk ACCCTHCA™ | |

TTCxACTGCGAT#CGxCCGACGACCTCGACT CCo#CCCGGGECGECTCCGACGECTACCGLARGCEGxAAGCTCGLCG#GECCHCH G TCak ACCCTHCA™ | |
TTCxACTGCGAT#CG#cCGACGacc tCGACT CCo+CCCGGGECGECTCCGACGecTACCGLARGCEGxAAGCTCGLCG#GECCHCH G TCaok ACCCTHCA™ | |
TTE*ﬁETGEGﬂT*EGmCCGﬁEGaCCtcGQETE*EGmECEGGGECGEETEEGﬁEGEETﬂEEGEﬁﬁGEGG*ﬁﬁGETEGECG*GEEE*E*G*TC**QEEET*EQ'iE

bhdbbdbbbbbdbbiai|rrrYy T! !T LR

< <<| g pren] ext] 5] ] 59| crsor]

disniss
= ‘. 2| one Thres . o E% 115280 ¢
e N @ I = Ir & B 4




Gigabses per run (log scale)
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Developments in High Throughput Sequencing
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Ciéncia Rural, Santa Maria, v.40, n.3, p.735-744, mar, 2010
ISSN 0103-8478

Sequenciamento de DNA de nova geracio e suas aplicacdes na genomica de plantas

a
Preparo da amostra de DNA
>
Tabela 1 - Fesumo das principais caracteristicas técnicas das plataformas 454 GS-FLX, Solexa e SOLID e laboratdnos no Brasil que ja
adquiriram essas novas plataformas. A duraciio da comda mmchu o tempo para o preparo, a leihwa e o processamento das
amostras; o custo da comda e o valor do equipamento s8o0 fomecidos na capacidade maxima do equipamento.
Comda Custo
Plataforma - ) Acuracia (*s)  Laboratono®*
OGS0 Duragio (dias) Reads@b) T TZIOC Bage (US) -
-INCC
3 rani 5 : 5
GS-FLX Titamium 0.3 jad Até 400 331.500 10.000 995 _IQ-USP
Genome analyzer - -
25. -
(Solexa) E] 5 25-35 430.000 6.250 085 Nenhum
- Fiocmuz
SOLiD System 25 412 35-50 599.000 10.000 99 - Instituto Ludwig
-UFPA
—2
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O sequenciamento de proteinas ¢ bem mais complexo!!!

/‘\ Proteina intacta

Seqliéncia da
peoteina intacta
GFOGHINGHTGKLFG ,
ASEFGGREILCPAGH

KLPSRTSIHVCNWYKIS de
HONSKLUFRHTRUGS mm
NVCRVSDFKLPKESAF e (Digestdo in silico)

Clivagem
por enzimas
Q Proteina fragmentada
Clivagem teérica
GFDGHIILEHTGK

O LFGASEFGER

LCPAGHK

” TSHVCNWYK
0/ ISHONSK

Lavagem e extragdo  Adicdo de
daproteinadogel enzimas

massa observado

\F (Digesto enzimética)




Sequenciamento de Nova Geracao NGS

* [llumina — sequenciamento por sintese

https:/ /www.youtube.com/watch?v=fCd6B5HRaZ8

* PacBio - Single Molecule Real Time Sequencing - Pacific
Biosciences

https:/ /www.youtube.com/watch?v=v8p4ph2MAvI
* Nanopore DNA sequencing

https:/ /www.youtube.com/watch?v=E9-Rm5A0ZGw



Animacoes

http://www.dnalc.org/resources/animations/cycseq.html

http://www.dnalc.org/ddnalc/resources/sangerseq.html

https://www.youtube.com/watch?v=ITBTHmhNNbE

https://www.youtube.com/watch?v=319wzwj0b_A

https://www.youtube.com/watch?v=vK-HIMaitnF,
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http://www.dnalc.org/resources/animations/cycseq.html
http://www.dnalc.org/ddnalc/resources/sangerseq.html
https://www.youtube.com/watch?v=iTBTHmhNNbE
https://www.youtube.com/watch?v=3I9wzwj0b_A
https://www.youtube.com/watch?v=vK-HlMaitnE

ESTUDO DIRIGIDO

1. Conceito dos diferentes “blottings”;
2. Sequencimento por Sanger;
3. Novas técnicas de sequenciamento

I'LL CLIMB WP THIS
STRAND OF DNA TO SEE
WHERE LIFE TAKES ME

(LER o texto “Sequenciamento de nova geracao”
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