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Caracterizacao Molecular
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Ma rcadores mOIecu Ia res € Elementos Moveis e seqiiéncias repetidas de DNA
r -
Tecnicas de C. Molecular Mudaram a idéia de que os genomas s&o unidades estaticas
Transposon/ seqiiéncia de inser¢io SNPs, STRs
. . T SNP  short tandem repeat (STR)
Sibele Borsuk B B P11 GTACTAGACTACTACTACTACTACTGGTG. .
sibele@ufpel.tche.br / sibeleborsuk@gmail.com ) GTACAAGACTACTACTACTACTACTACTGGTG...

3 GTACAAGACTACTACTACTACTACTACTACTGGTG..,
7 repeats
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Caracterizagao Molecular Caracterizacao Molecular

A correta identificacéo e caracterizagéo de microrganismos é « Métodos tradicionais usados na discriminagéo de microrganismos:
de extrema importancia pratica em: « Fenotipicos:

« Testes bioquimicos

« Diagndstico - Terapia o Testes soroldgicos

« Epidemiologia — Rastreabilidade o Testes com bacteriéfagos
» Microscopia eletronica - morfologia
« Genotipicos:

« Testes baseados no DNA e RNA

« Biotecnologia
*Vacinologia

*Estudos de Filogenia e evolugéo

Caracterizagdo Molecular de Parasitas Marcadores Moleculares

Isoenzimas

Métodos Fenotipicos

Desvantagens

- tempo

- laborioso

- interpretacgao
- depende da fase de desenvolvimento

Fig. 15.6  Isoenzyme profiles of Trypanosoma cruzi isolates by - padronizacao (antisoros)
o] g
Harch gl electrophora - sensibilidade e especificidade
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Marcadores moleculares

DNA Repetitivo

» Microsatelites ou Simple Sequence Repeats (SSRs)
— Mono-, di-, tri- and tetra-nucleotideos repetidos

 Minisatellites or Short Tandem Repeats (STRs)
— 5-10 bp repertidos

¢ Variable Number of Tandem Repeats (VNTRs)
—14-100 bp repertidos

Marcadores Moleculares

Marcadores moleculares

¢ Genes Nucleares
e Sequencias de Insercdo (IS)

« SNPs (Single Nucleotide Polymorphism)

Marcadores Moleculares

Microsatélites

| (CA). (AG). (AT, ]
| CACACACACACACACACACACACACACACACACAC |

Dinucleotideos

a) b)
N T N T

— —
— .
' — \—CACACACACACACA—

e CACACACACA

o Amplify flanking and

N ——/—— — repetitive DNA
Flanking Microsatellite Flanking
Sequence Sequence (TTA)g Sequence

AGE TTATTA TTATIA TTATTATIATT
TACGTCG AATAATAATAAT AATAATAATAN
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Microsatélites
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Microsatelites
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Minisatelites Variable Number of Tandem Repeats

| atcgtactactagatTTAGGGTTAGGGTTAGGGTTAGGGTTAGGGttagggatcgctagc

Primer 1 3 Hexanucleotideos VNTR Repeat Length
A | | TTAGGGTTAGGGTTAGGGTTAGGG | |
... ACAGGGTGTGGGG ...
B | | TTAGGGTTAGGGTTAGGGTTAGGG | |

C| | TTAGGGTTAGGGTTAGGGTTAGGGTTAGGGTTAGGG | |

12
A B C €T

17
@ [ [ [ [ [ [ [ T[T TTTTTTTF—

Marcadores Moleculares

Variable Number of Tandem Repeats
(VNTRs)

Sequencias de Insergao

« S30 sequencias pequenas, em torno de 1Kb
« Possuem genes para transposicdo nos genomas
VNTR 19 nstonsequrace

SEBPY6 A4 PY5 C6 D1 P2 17 N3 G2 16

Genes for ransposition

[ I — ]
Bacterial composite transposon
Genes for
Ineostaduggests Inverted transposition’ Structural genes
Repeats
Inverted IS
Marcadores Moleculares Caracterizagdo Molecular de Bactérias

« Polimorfismos por substituicdo de um nucleotideo

. 6 : i e
* Grande densidade, 12 x10 © loci _NL,WX‘__ « RegiBes PGRS
SNP SNP SNP
a SNPs N N i
in s I L
Chromosome | AACACGCCA.... TTCOGOGTC.... AGTCGACCE vg:l:2 * DNA repetlthO' SSR,IS, VNTR
Chromosoma?2 AACACGCCA.... TTCOAGGTC.... AGTCA ACCO - - -
Chromosomed AACATGCCA.... TTCGGGGTC.... AGTCA Acca ‘“esnd SUILOCUE
Chromosoma 4 A.II:A.LHCI:A....T‘!I:ll,‘llll'l'c.... An'rc/JAl:r:n Version s FUIDIID o 16S_ITS
S \ e NP
mm N
b Haplotypes e
Haplotype1 CTCAAAGTACGGTTCAGGCA
s svelvalavass Annre * MLST
Haplotype3 CCCGATCTGTGATACTGOTG
Haplolyped TEOATTCEGCGATTIEAGACS
v v v
W B c
€ Tag SNPs e -~ -
L c L
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Mycobacterium tuberculosis

« Mycobacterium tuberculosis H37Rv

*Sequenciada em 1998
*Regides PGRS

*DNA repetitivo —IS (56)
*SNPs

M. tuberculosis
H37Rv
4,411,529 bp

*IS6110-RFLP
*Spoligotyping '
*MIRU-VNTR 2

Caracterizagdo Molecular de Bactérias

Mycobacterium tuberculosis

*1S6110-RFLP
Restriction Fragment Length Polymorphism

« Estdo presentes em posigdo e numero variavel no genoma

Caracterizagdo Molecular de Bactérias

Mycobacterium tuberculosis

MIRU-VNTR

Mycobacterial Interspersed Repetitive-Unit-Variable-Number Tandem-Repeat

Tsolate #1 Isolate #2

[e———

—_—
[e—

i
PCR amplifieation
PCR amplification

499hp PCR product

447bp PCR product
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Mycobacterium tuberculosis

MIRU-VNTR

12 Unidades Repetidas Independentes

" MIRU ID: 125347341327%

Caracterizagdo Molecular de Bactérias

Streptococcus pneumoniae

*Um dos agentes causadores da meningite bacteriana

<90 sorotipos (14,6,18,19,23,49,7,1 e 3)
*Genoma com 2.1Mb

*Alvos 16S-23S-ITS, ply, Iyt, psaA, pbp2b, pbplA

*5 % do genoma com IS f e |
*SNPs

Tos W DEmn

Espago Ribotipagem

Caracterizagdo Molecular de Parasitas

Trypanossoma cruzi

» Genoma entre 106,4 e 110,7 Mb
« Dipldide — 41 pares de cromossomos

* 50% do genoma DNA repetitivo
*Retrotransposons
*Proteinas de superficie (MASP, gp63...)
» DNA do cinetoplasto (kDNA)
* VNTR
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 Regido 3’ do dominio 24Sa do gene do
rRNA

» Gene que codifica para a subunidade 2
da oxidase citocromo mitocondrial (COII)

*Microssatelites (SCLE10, SCLE11, MCLF10-
locus de repeticdo CA(n) e TCTAT20,
TcAATS, TcAAAT6)

A.C.J,, et al. Acta Trop. (2010)

Caracterizagdo Molecular de Parasitas

Trypanossoma cruzi

SCIENCE VOL 309 15 JULY 2005

RESEARCH ARTICLE

The Genome Sequence of Trypanosoma cruzi,
Etiologic Agent of Chagas Disease

T. cruzi is diploid, with
different-sized homologous
chromosome
pairs. Its genome size
(diploid) has been estimated
between 106.4
and 110.7 Mb

Caracterizagdo Molecular de Parasitas

Norﬂéﬁclﬁ""ﬁré, 1599

Z1 - Miles, 1977

——— T cruzi Il

73 - Miles
7B - Romanha
Tipol - Andrade » Ribodemas] - Clark & Pung, 1994

Grupo 1/2 - Souto

Caracterizagdo Molecular de Parasitas

Amplificag@o de microssatélites (PCR)

alelo A - 000000000000
alelo B - 0000000000000000000
alelo C ' 000000000000000000000000
AA AB AC BB  BC cc
— [
== =

Caracterizagdo Molecular de Parasitas em Salde Publica

24Sa do gene do rRNA

188 S3  24Su  S1 24Sp  S2gg 34

‘D71
-

-+
D72

Fig. 2: The ITS 1 separates the coding region of the 18S subunit and the 5.8 S
rDNA, and the ITS2 separates 5.8 S rDNA sequences from the 24S rDNA. rDNA
typing is performed using primers D71 and D72 that amplifies a dimorphic
region at the 3' end of the 24Sa rRNA gene.

Caracterizagdo Molecular de Parasitas

Isoenzimas

Fig. 156  Isoenzyme profiles of Trypanosoma eruzi isolates by
starch-gel electrophoresis.
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oplasma gondii plasma gondii

: i ] PCR-RFLP
*Possui genoma de 78 Mb 1z ey °
3y 3 iy i
s SAG2 a8
+11 cromossomos
e . B2 52
*Familias de elementos repetitivos s 8 i:
= SAG2 locus SAG2- encoding
'ABGTQ ou TGR B e ¢ TR tachyzoite surface antigen

*TgIRE E p22
*rRNA memam

S Sau3Al 3 Hiral
*SAG

FIG, 1. Design of $AG2 nested PCR analysis, (A) Schematic of the $AG2
Tocus showing the locations of the primers used for nested PCR amplification of
the 5" and 3" cnds of the locus and the polymorphic restriction sites used for
«GRA identification of sirain genotypes. The haiched box represents the open reading
frame of the SAG2 gene, (B) Seu3Al restriction analysis of the 5' amplification
products from type I, 11, and 11 strains. () Hial restriction analysis of the 3°

amplification products from type I, 11, and 1 strains. Products were resolved in
*SNPs 1.2% agarose els stained with ethidium bromide. Molecular weight markers
correspond t0 $X174 digested with Haelll.

Howe etalJ Clin Microbiol, 1997, p. 141141414
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oplasma gondii plasma gondii

M 1 2 3

PCR-RFLP PCR-RFLP e sequenciamento
GRAG (5'SAG2, 30-SAG2, SAG3 and GRA6)

100-

Fig. | Restriction patterns of PCR products emplified from clinical samples with recombdinant 7. gondii strains. $'-SAG2 (A) and 3'-3AG2 (B)
amplifiation products were digested with Sau3Al and Hlal, respectively. The DNA fragmerts were reso'ved in 2% agaross gels stained with ethidium
+ 10-bp ladder (the lowes: band shown is 100 bp); lane 2, RH (type 1 lane 3, ME49 (type IT): line 4, VEG (type 11); lives 5-7. CSa, CSb
I samples). The arrows show the allele combinations.

Fig. 1. PCR-RFLP analysis of GRAG gene coding region with Msel
endonuclease. Lane M is DNA size marker VI (between 2176 and
174 bp). Lanes 1-3 are Toxoplasma gondi, type 1 (RH), type 111

A Fazaeli et al. / International Journal for Parasitology 30 (2000) 637642

LM.R. Ferreira et al. / Exper Paras. 118 (2008) 221-227

Caracterizagdo Molecular de Parasitas

oplasma gondii

PCR-RFLP e sequenciamento

Caracterizagdo Molecular de Virus

Marcadores Moleculares

GRAG Ex: O genoma do HIV
E VPR REV REV
. 1
E — Erﬂlvpu TI!T E
= LR e
B . LTR POL
SAG3 ! . 2 ENV LTR

o TR o ! : . : o HIV-1 GENOME 9749 NUCLEOTIDES
e Ea smnimiTmnIEn RIS *Trés genes estruturais

5'SAG2 da A B e : : eSequencias repetitivas regulatdrias (LTRs)

eGenes regulatérios (ndo empacotados no virion)

I.M.R. Ferreira et al. / Exper Paras. 118 (2008) 221-227
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Caracterizacao Molecular

Caracterizagdo Molecular de Virus em Salde Publica

Caracterizacao Molecular

Alvos
191 Kpb / 263 genes

*Genes Estruturais

ITRs Genes Conservados ITRs - ]
o *Regides LTR (Long Terminal Repeat)
\ Genes essenciais -
Varidveis - Genes ndo- polipeptideos  estruturais e *ITRs

enzimas envolvidas no
metabolismo da DNA

essenciais — interagdo

*SNPs

com o hospedeiro e
viruléncia

Caracterizagdo Molecular de Virus
Virus Hepatite B

*Alvos - Genes Ce S
- SNPs

Caracterizagdo Molecular de Virus em Saulde Publica

Virus Hepatite B

* Genoma de 3.2kb

e 4genes(C,S, P X)

* 9 Sorotipos: awyl, awyZ2,
awys, awy4, ay; aawz,
adaw4, adrq-, adrg+

*8 gendtipos (A-H) No
Brasil: A,DeF

Caracterizagdo Molecular de Virus

Papilomavirus Humano

«Familia Papillomaviridae

Caracterizagdo Molecular de Virus

Virus Hepatite B

PR I BN R TSI TRV

*DNA fita dupla circular
*Genoma 7.9Kb

*Mais de 120 tipos

*Tipo 16 presente em 60-70%

«Determinacdo de mutagles
*SeC
*PCR e Digestdo Avall and Mspl

dos carcinomas
«Proteinas E6 ou E7
«LR (6, 11, 42, 43, 44)
“HR (16, 18....)

Fig. 2. Gel image of RFLP assay for detection of HEV
variants for core region after Ava 11 and Msp 1 enzyme
digestion. / Uncut DNA fragment (552 bpk: 2, 9 A 50-
bp ladder (Fermentas): 3, 4 Al mutants (460, 92 bp):
5 A2 mutants {245, 145, 70, 92 bp) 6-8 A4 mutants
(245, 215, 92 bp); 10-12 M1 mutant (429, 123 bp): /3
M2 mutant (136, 293, 123 bp); [4, /5 M3 mutant
(552 bp)

M. A. Aslam et al. Arch Virol (2008) 153: 163-170
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Papilomavirus Human

*Proteinas E6 ou E7

GO: quiescent state

Cells exit
cycle here

S phase: DNA

thesis
SIIE M phase:

mitosis

GZ g

phase ’ G2: gap
phase

Nonproliferating cell
HPV stimulates proliferation

b

Caracterizagdo Molecular de Virus

Papilomavirus Human

PCR-RFLP

Alvo E7
HPV types
6b 11 13 16 18 30 31 32 33 39 40 42 43 44 52 53

500 bps —>|
700 bps

60 bps -,
500 bps —-
100 bps —a-|

HPV types

54 55 56 57 58 61 64 66 67 68 70 71 72 73 51

Fig. 1. Detection of mucosal HPV types with LCR-W PCR. Four picograms of cloned HPV DNA (all types except for HPVS1) and
100 ng of cellular DNA from a clinical sample which was infected with HPVSI were used for amplification with PCR. Three
microliters; of PCR products were run on agarose gels and viewed with a UV-monitor camera after ethidium bromide staining

T. Sasagawa et al. : Virus Research 67 (2000) 127+139

Caracterizagdo Molecular de Virus

Papilomavirus Human

PCR-RFLP

Cut pattern-1 Cut pattern-2
HPVIL HPV13 HPV31 HPV44 HPV55 HPV58 HPV32 HPV42 HPV30  HPV52
NCARD NCARD NCARD NCARD NCARD NCARD NCARD  NCARD NCARD — NCARD

159
101
320
A2
9 190.
7
nt [
i
7 -
o

T. Sasagawa et al. : Virus Research 67 (2000) 127+139

Caracterizagdo Molecular de Virus

Papilomavirus Human

PCR-RFLP

Cut pattern-3 Cut pattern-4 Cut pattern-5

HPV18 HPV33 HPV39 HPV56 HPV66 HPV73  HPVeb HPV16 HPV40 HPV53 HPV72
NCARD NCARD NCARD NCARD NCARD NCARD  NCARD NCARD NCARD NCARD NCARD

Fig. 3. RFLP analysis for HPV typing in LCR-W PCR NC: No cut PCR product, (A) digested with Avall, R, digested with Rsal,
D, digested with Dde1. A white asterisk indicates a band faintly observed and a white circle indicates a band incompletely digested
Black bars on the left of each figure show positions of the molecular weight markers. Cut pattern 1-5 are five different cut patterns
determined by the Acall digestion as indicated in Table 3.

T. Sasagawa et al. : Virus Research 67 (2000) 127+139

Caracterizagdo Molecular

Técnicas molecular

RFLP - restriction fragment length polymorphism DNA
RAPD - random amplified polymorphic DNA
CAPS - cleveaded amplified fragment sequence

SSR - Simple Sequence Repeat / Microssatélites
AFLP - amplifided fragment length polymorphismic DNA
SNP - single nucleotide polymorphisms

As diferentes classes de marcadores moleculares podem diferir com
respeito a caracteristicas importantes como:

abundancia genémica

nivel de polimorfismo detectado

especificidade dos locos

reprodutibilidade

labor

Marcadores Moleculares

Marcadores Moleculares

RFLP
VNTR (minissatélite)
« RAPD

» PCR-especifico - SSR, ISSR, CAPS
o MLST
« AFLP

* SNPs
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Marcadores Moleculares- Historico

RFLP proposto por Botstein et a/. (1980)
descrito para humanos

PCR proposto por Mullis & Faloona (1987)
VNTR por Jeffrey (1987)

RAPD por Rafalski et a/. (1990)

Marcadores Moleculares

Marcadores Moleculares- Historico

SSR em plantas por Akkaya et al. (1992)
AFLP por Zabeau & Vos (1993)
CAPS por Konieczny & Ausubel (1993)

SNPs em Arabidopsis po Cho ef a/. (1999) -

Marcadores Moleculares

Marcadores Moleculares- Tipo de Técnica

» Métodos sem uso de PCR
« RFLP
» Métodos com uso de PCR
— PCR com primers arbitrarios
* RAPD, AP-PCR, DAF (DNA amplification fingerprint),
« AFLP;
« ISSR
— PCR sitio-especifico
« CAPS, SCAR
» SSRs (microssatélites)

Marcadores Moleculares

Marcadores Moleculares- N° de Cdpias

« Seqliéncia de poucas cdpias - codificante
« RFLP
« Seqliéncia com copias repetidas
« VNTR
« SSRs (microssatélites)
« ISSR

 Seqliéncia com nimero de cdpias indefinido
« RAPD, AP-PCR, DAF
« AFLP
« CAPS, SCAR

Marcadores Moleculares

Técnicas de Caracterizacao Molecular

*Baseados em PCR

*Baseado em Hibridizacdo de Acidos Nucléicos

el |2 P
*tw rBaseado no sequenciamento de Acidos Nucléicos

Marcadores Moleculares

Caracterizacao Molecular baseada em PCR

RAPDs (Randomly Amplified Polymorphic DNA)
ALFP (Amplifid Fragment Length Polymorphisms)
SSR-PCR (Short Sequence Repeats PCR)
PCR-RFLP

MLST- Multi Locus Sequence Typing
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RAPDs ( Randomly Amplified Polymorphic DNA)

eUtiliza primers pequenos  (10bp) para amplificar
randomicamente fragmentos de DNA

*Baixa Tm

*Na ha a necessidade de informagdes sobre o genoma a
ser amplificado

« Requer pelo menos 10 primers

5 GGTGCGGGAA 3’
5’ GGTGCGGGAA 3°
5 GTTTCGCTCC 3°
5 GTAGACCCGT 3
5 AAGAGCCCGT 3’

Marcadores Moleculares

RAPDs ( Randomly Amplified Polymorphic DNA)

..

Principio
L L ™

4 5 &

DA template

l PCRreaction

SRR
product & product B

Marcadores Moleculares

RAPDs ( Randomly Amplified Polymorphic DNA)

Para cada banda- escore = presenga/ auséncia da banda

Marcadores Moleculares

RAPDs ( Randomly Amplified Polymorphic DNA)

» Marcadores RAPD s3ao anénimos
« Dados binarios (presenga x auséncia)

* Problemas de co-migracao
—mesma banda, mesmo fragmento?

—uma banda, um fragmento?

Marcadores Moleculares

AFLP (Amplifid Fragment Length Polymorphisms)

[ Procedimento dividido em 4 etapas: ]

«1- Digestdo do DNA total com enzimas de restricdo
«2-Ligagdo de adaptadores sitio-especificos
«3- Pré-PCR de alguns fragmentos

«4- PCR

Marcadores Moleculares

AFLP (Amplifid Fragment Length Polymorphisms)

5w GAATIC - TTAR~—3
3 o CTTAAG AT T~ 5"
ECoR1 l Msel

Digestio do DNA 5"'"‘*‘\_“&— =g
3 e CTT) -—i-—-M Foeee 5

o1 X
Principio [G2) e T
Scontadaptador W rran l rallm 1 acmpencor
arre ——rralim
W rrase—rar
Pré-amplificacio l
EcoR1 primer E-A [ AATTCA -———GTTA
@ N TTAAGT-—---CAAT [ Mselpomer M- C

Amplificagio

scor1 primece- aca B AATTOAACA -—-——GTGGTTA NN
B TTANGTTGT-————-CACCAAT Bl Msel primerM - CAC

10
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AFLP (Amplifid Fragment Length Polymorphisms) AFLP (Amplifid Fragment Length Poly

«Eletroforese em gel de poliacrilamida

Marcadores Moleculares

Msel site

Primer +1 ~

5 ﬁ «Coloragdo com prata
[ e | ) Adapter
o ° = 35

Adapter i Fragment ﬂ P

J Primer +1
EcoRl site

Marcadores Moleculares Marcadores Moleculares

PCR-RFLP MLST- Multi Locus Sequence Typing

PCR — Digestao
CAPS - cleveaded amplified fragment sequence

Principle

400 a 500 pb

PCR amplify +
DNA sequence analysis

= allele 1
allele 2
allele 3
allele 4
allele 5
allele 6

vuaaoa

WLwww
(NN

[T 7 & Eemmm

- Database. [ 8 cooge

Marcadores Moleculares b\/l 0 - ) —
. . LSTORGY L. SR
MLST- Multi Locus Sequence Typing Muti ce T mistnet|leptospitamistnet Honday 200 Ocober 2008

DATA ANALYSIS

DATABASES Leptospira spp.
B —— ]
2—— 0t r 3 "
3 —————
prp————
. —
6 ————
7 e
——

S S S

EEEEEEEEEOEEEEEEEEEEEEE

olate 1: 3 —
olate 2: 2 -
e s g = Profile Query Locus Query Batch Query
etc. Please choose— v| [ Please choose— v Please choose— v
The Leptospira MLST sche developed by Janiia , Vanapom
SUBMISSIONS haron J. Peacock et al. REF: Click here

This site is hosted at imperial College and deveiopment is funded by the Wellcome Trust.
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e G0 | @rivers sedfor T o Heicobacter ] &8

Navigation
= pubMLST

Genes
The Helicobacter MLST scheme uses intemal fragments of the following sight house-keeping genes:

atpa, efp, mut, ppa, trpC, urel, vach, yphC

Primers
The primer pairs we use for the PCR amplification of internal fragments of these genes are:

- Recently
= Number  Name Gene. Sequence
HptrpC1_for trpC CAAGCTCCTAGAAGTETCTG
HptrpCs_for tpC TAGAATGCAAAAAAGCATCGCCCTC
HptrpCs_rev trpC CCCAGCTAGCATGAAAGG
HptrpC7_rev pC TAAGCCCGCACACTITATITICGCC
vohC  CACTATTACCACGCCTATTTTTITGAC
yhC TTTCTARGCTTTCTAARATATC
vaca ATACGCTCCCACGTATTGC
vach ACAACCGTGATCATTCCAGC
vacA CTGCTGTAGGAACGETCTC
vac, vach GCGTGGCGCCATCATAMGAG
¥PhC_for2. yehe CACGCCTATTTTTITGACTARAAAC
yphC_rev2 yhe GCGTTTAAGAGCGARCTTTTGE
yphC_for3 yohC  GCTTTAAATAACTATAATATTGTAATC
YPhC_rev3 yehe CATTYACCCTCCCAATGATGC
atpa_for2 atpA GGACTAGCGTTARACGCACE
atpA_rev2 atpA CTTGARACCGACAAGCCCAC
atpA_for3 atpA GTTCCTGTTGECGATGCGGT
atpA_rev3 atpa CCTGAATAAAACAAATCCGTTTC
muty_for2 muty GTGGTTGTAGYTGGAAACTTTACAC
muty_rev2 muty CAACGCCCAAGTAACGCTCTTC
s muty_for3 muty GGAATTTAAAGGGCATTAACGCC
o muty_rev3 muty CTTAAGCGTGTGTYTTTCTAGG
+ Developers efp_fort fp GGCAATTTGGATGAGCGAGCTC
efp_revi efp CTTCACCTTTTCAAGATACTC

Marcadores Moleculares

PFGE (Pulsed Field Gel Eletrophoresis)
( \  Eletroforese em Campo Pulsado

.~ | °*DNA e digerido com enzimas de restrigdo

Eletroforese

Equipamento

Marcadores Moleculares

PFGE (Pulsed Field Gel Eletrophoresis)

Principio

v

++ + + ik ok b

Figura 4: Funcionamento do sistema CHEF. Os campos eléctricos

fimcionam altemadamente segundo cada uma das diagonais do gel. Como

@md& as moléculas de DNA migram num percurso rectilineo ao loy
o gel.

Marcadores Moleculares

E (Pulsed Field Gel Eletrophore

7 8 9 1011 12 13 14 1516 17 18 19 20 21 22253 24 25 R6 A

Marcadores Moleculares

Caracterizagao Molecular baseada em
Hibridizacdo

(RFLP) Restriction Fragment Length Polymorphisms

(RH) Hibridizagao reversa

Marcadores Moleculares

RFLP

Analise de restricdo de fragmentos polimoérficos

[ Procedimento dividido em 4 etapas: ]

+1-Digestdo com enzimas de restrigdo
«2-Eletroforese em gel de agarose
«3-Transferéncia para uma membrana de nylon

*4-Hibridizagdo com sonda de DNA

12
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DNA FRAGMENTS SEPARATED
BY AGAROSE GEL ELECTROPHORESIS

‘Temove nitrocellulose.
- paper with tightly bound DNA

nitrocalluiose
poper

et

LABELED DNA PROBE

FHYBRIDIZED TO

SEPARATED DNA
'SEPARATED DNA FRAGMENTS BLOTTED.
ONTO NITROCELLULOSE PAPER

LABELED DNA PROBE HYBRIDIZED.
BANDS

TO COMPLEMENTARY DNA
VISUALIZED BY AUTORADIOGRAPHY

itions
nge —— labalod
labeled = bands
markers

M

Marcadores Moleculares

Separate DNA on an.

AgaroseGel Transfer or BLOT DNA
£ fragments from GEL to
FPROBE Membrane
DNA bands Bound DNA Bands

B ensterredion [l ereExweosedon fim

]

I

-
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RFLP- Resultado

1

ummmu‘ununq
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Hibridizagao Reversa

Spoligotyping

PCR- Dra 5'-GGTTTTGGGTCTGACGAC-3’
Drb 5’-CCGAGAGGGGACGGAAAC-3’

N
DVR

DR spacer DR spacer DR spacer DR spacer DR
T T T o ) o o T T T

Marcadores Moleculares

Hibridizagao Reversa

Spoligotyping -baseado em PCR

PCR products hybridized 0 3
prfubricated menbane with the
cquence of esch unique spacer
‘covalntly bonded 01t colums.

removed, autoradiography

Excess PCR product
film exposed and developed

Hibridizagao Reversa

Marcadores Moleculares

« Atualmente 94 diferentes espagadores foram identificados
« 43 espacadores (35 a 41 pb) sdo utilizados para a diferenciagdo de
MCT

MtupeciossHs7m | AN T AN NEEEENEER
M. bovis |l

M. africanum 25420 |l
PatientA |l

Patient & |l
Patient C |l
Patent O | W

Patient € (I L) LILLL)
Spacerno. [ 1121314 15167188 [10]11]72[13[1a[16]16]17]18]19]z0]21
M. tuberculosis H37Rv
M. bovis
M. africonum 25420
Patient A
Patient 8
Patient C
Patient 0
Patient £
Spacer no.
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Caracterizagdo Molecular de Bactérias em Saude Publica

Mycobacterium tuberculosis

SpoligoDatabase
({]
INSTITUT PASTEUR
DELA GUADFLOUPE
R =a Tuberculose et Mycobactéries ®
Q,; i R A
S P
«©A & Base SPOLDBA
e
bk % Oiginal paper - Biudey et al BIIC MicioDio 2005 ar 65 (1125
ol [
Enise population genatics and spidemiology
Tt

Table2.
Consult the SITVIT Database here.

foasas e Domnés:
seope:

Shie: Base SPOLDB3

http://www.pasteur-guadeloupe.fr/tb/bd_myco.html|

Marcadores Moleculares

Mycobacterium tuberculosis

SpoligoDatabase

POLDBA SORTED B INCREASIVG POLIGO NTERVATIONAL TYPE NUDBER
i T I gl

0N N1 N 50 2 N S REB) KW LY LV MR )
) MENC) NI ML) LS 1) M) S0 LA L RS FERY L)

| OO O (OO o Ay BEUNG
CUb) CZE DR

GLAEY G M
1 IO EOetzi B by H

A S TV A il

http://www.pasteur-guadeloupe.fr/tb/bd_myco.html|

Marcadores Moleculares

M. tubercuwlosis
H37Rv

M.bovis BCG

Marcadores Moleculares

Hibridizagdo reversa

*Sonda esta numa membrana
*DNA do patdgeno e utilizado para hibridizar a sonda

ﬁ DNA/RNA viral

Marcadores Moleculares

Single Nucleotide Polymorphism

e SNPs sdo as mais freqlentes formas de variagdes
genéticas

* SNPs tem se tornado marcadores de preferéncia pela sua
grande abundancia e pelo desenvolvimento de tecnologias
de genotipagem em larga escala.

Marcadores Moleculares

SNP - Estratégias

1) Primer extension (nucleotide incorporation)
2) Clivagem enzimatica

3) Hibridizacao

14
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1) primer extension —PCR

« UM PRIMER DEVE TER SEU ULTIMO NUCLEOTIDEO 3° SOBRE O NUCLEOTIDEO
ALVO
Durante a polimerizagdo de um fragmento (amplicor) de DNA pela DNA Polimerase,
ela necessita de que o ultimo nucleotideo da posigdo 3° onde o primer esta ligado,
tenha uma conformacgéo ABRUPTA

DNA Polimerase GENOTIPO 1
TAGCATC \AGGCCTCTCTC
5°ATCGTAGGGCTUBTAGGCCT. ..oovvvvvvcvv GCAATTCCGGAAAATTTCCGGAGA GAG 3
Glimerase
GENOTIPO 2
s,/
TAGCATCCCGAAA AAGGCCTCTCTC
5°ATCGTAGGGCTTBTAGGCCT.......covvvvrrere GCAATTCCGGAAAATTTCCGGAGA GAG 3

Marcadores Moleculares

2) PCR e Clivagem enzimatica

. . A) CONJUNTO DE PRIMERS QUE AMPLIFICAM
A
R UMA REGIAO ALVO
S N B) AREGIAO ALVO (DENTRO DO AMPLICON) E
S RER IS RN - » CORTADA POR UM ENZIMA
L Restriction enzyme
SNP (A/G)

Sequence recognized,

cleavage —

Gel electrophoresis

G
NEEERRNEE
Sequence not recognized,
no cleavage

Marcadores Moleculares

2) PCR e Clivagem enzimatica

EcoRI
5 .G/ AATTC...3'
DNA Polimerase 3.CTTAANG.. 5
l * GENOTIPO 1
TAGCATCCCGA AAGGCCTCTCTC

5 ATCGTAGGGCTTTCGTAGGCCTTARIGAGATTAATGCAATTCCGGAAAATTTCCGGAGAGAG 3

3 TAGCATCCCGAAAGCATCCGGARTAAAETAATTACGTTAAGGCCTTTTAAAGGCCTCTCTC 5
5 ATCGTAGGGCTTTCGTAGGCCTTMATTGATTAATGCAATTCCGGAAAATTTCCGGAGAGAG 3'

GENOTIPO 2

TAGCATCCCGA, AAGGCCTCTCTIC
5 ATCGTAGGGCTITCGTAGGCCTTARIMAGATTAATGCAATTCCGGAAAATTTCCGGAGAGAG 3

3 TAGCATCCCGAAAGCATCCGGAARTAAACCTAATTACGTTAAGGCCTTTTAAAGGCCTCTCTC 5
5 ATCGTAGGGCTTTCGTAGGCCTTAWAT TCGATTAATGCAATTCCGGAAAATTTCCGGAGAGAG 3

Marcadores Moleculares

2) PCR e Clivagem enzimatica

GENOTIPO 1

3 TAGCATCCCGAAAGCATCCGGARTAAA------- G CTAATTACGTTAAGGCCTTTTAAAGGCCTCTCTC 5'
5 ATCGTAGGGCTTTCGTAGGCCTTATT-—-AATTC ~ GATTAATGCAATTCCGGAAAATTTCCGGAGAGAG 3

3° TAGCATCCCGAAAGCATCCGGAATAAA EcoRI
5°ATCGTAGGGCTTTCGTAGGCCTTATT v

57 .G/ AATTC... 3’
3..CTTAAG.. 5
T

5 CGCTAATTACGTTAAGGCCTTTTAAAGGCCTCTCTC 5
5° AATTCGGATTAATGCAATTCCGGAAAATTTCCGGAGAGAG 3'

GENOTIPO 2

3 TAGCATCCCGAAAGCATCCGGAATAAACGTAATTACGTTAAGGCCTTTTAAAGGCCTCTCTC 5
5 ATCGTAGGGCTTTCGTAGGCCTTAWAT TAGATTAATGCAATTCCGGAAAATTTCCGGAGAGAG 3'

Marcadores Moleculares

2) PCR e Clivagem enzimatica

GENOTIPO 1 GENOTIPO 2

Marcadores Moleculares

3) Hibridizagao

a) Varios locos e varios genes
EX: Microarray de 25-mers (genes)
Microarray Genoma “painel de SNPs”

b) Poucos locos, poucos genes ou gene especifico
EX: sondas 7AQ MAN

15
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3) Hibridizacao

g) Varios locos e varios genes
EX: Microarray de 25-mers (genes) e Microarray Genoma “painel de

SNPs”
Allele-specific probes
(——
—
B /
M ﬂJIII?]I B
" —— Was hit
& Perfect match, e 4m7 -
stable hybridization
TS [T R c— Fluorescence
A analysis
L I
SNP (AG)

Mismatch,
unstable hybridization

Marcadores Moleculares

3) Hibridizacao

b)  Poucos locos, poucos genes ou gene
especifico R Q

EX: sondas TAQ MAN P _m T]T/
ooe ALL-——

Perfect match,
stable hybridization,
probe cleavage

S I\ R Q
i P>TITISTT..
G - A==
SR Mismatch,
SNP (AG) unstable hybridization,

probe not cleaved

Marcadores Moleculares

Resultado

I

Marcadores Moleculares
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Enterobacterial adhesins and the case
for studying SNPs in bacteria

Scott J. Wei: ", StevelL. |

y? Daniel E. Dy *and Evgeni V. Sokurenko?
“Division of Infectious Disease, Children’s Hospital and Regional Medical Center, 4800 Sand Point Way N, Seattle, WA 98105, USA
“Department of Microbiology, Box 357242, University of Washington, Seattle, WA 981957242, USA
*Department of Ecology and Evolution, State University of New York, Stony Brook, NY 11794, USA

Single-nucleotide polymorphisms (SNPs) in structural
genes can have a dramatic effect on the biology of
whole organisms, from bacteria and viruses to mam-
mals. Here, we underscore the importance of SNPs in
bacterial genes that contribute to the ability of patho-
gens to cause disease. SNPs that confer an adaptive
advantage for bacterial pathogens have been discov-
ered in the genes encoding the FimH and Dr adhesins of
Escherichia coli and, most recently, Salmonella enterica

are almost ubiquitously present in both commensal and
pathogenic strains. They mediate bacterial binding to a
great variety of host cells and mucosal surfaces and have
been shown to be important for virulence [6]. Because of
their uniform distribution, type 1 fimbriae do not fit with
the definition of virulence factors as determinants selec-
tively associated with pathogenic bacterial lineages.
However, pathogenic association has been shown for
certain functional variants of FimH, the type 1 fimbrial

sv. Typhimurium FimH. adhesin. In particular, FimH alleles expressed by many

ic E._coli_exhibit higher affinity for mono-

Caracterizagdo Molecular

Analises dos Resultados

*Analise dos dados obtidos pela caracterizacao
molecular

eAgrupamento dos perfis moleculares similares-
Dendograma

Analises filogenéticas

Caracterizagdo Molecular

Utilizagao

Caracterizacao Molecular

« Conhecer a distribuicdo de sorotipos e a diversidade genética

e Conhecer a distribuicdo de cepas Resistentes aos
antimicrobianos

« Identificacdo de surtos
« Determinar a dindmica da transmissdo em areas geograficas

« Identificar fatores de risco para a ocorréncia das doengas
infecciosas
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Caracterizagdo Molecular

Utilizagao

Caracterizacao Molecular

«Identificar determinantes de patogénese

« Rotas de transmissdo

« Reatividade soroldgica
« Resposta a terapias anti-virais, anti-bacterinas ou anti-
parasitarias

« Utilizar os dados em Estudos epidemioldgicos

26/10/2010
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