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Definicao
O Que é Gene?

0 Regido do DNA que codifica um RNA mensageiro que codifica uma
proteina ou que codifica uma molécula de RNA funcional.
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Formas de expressao alélica

A expressao alélica é sempre equilibrada?
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Formas de expressao alélica
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Seria esperado que genes presentes em duas copias seriam expressos
a partir de ambos homdélogos em niveis comparaveis. No entanto, isso
muitas vezes nao ocorre.




Transcription
Translation

1958 — Definicao de Gene
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Definicao: 1958 — Francis Crick

(\ Replication
DNA

‘ Transcription

RNA
‘ Translation

Protein
The Central Dogma




Organizacao e Estrutura de um gene tipico

“A montante” N ' ' ' ' “A jusante”
im'uo da Exons
transcrigao / / \\ /Cédon de término
v
5 —s — i e S
romotor A~ \ } /v
iniciador . ‘[nlrions | Sinal de
Regiao 5' ndo (sequéncias intercalantes) poliadenilagao
S Regido 3' ndo
Diregéo da transcri¢éo traduzida

>

Em humanos, todos os genes contém exons e introns?

0 N&o. Genes que codificam para histonas nao possuem intron



Exemplos de organizacao génica em genes
codificadores de proteinas

Gene Humano Tamanho Tamanho médio | Tamanho médio
(Kb) exon (bp) intron (bp)

HBB (b-globina) 1,6 3 150 490

TP53 (p53) 39 10 236 3.076
F8 (fator VIII) 186 26 375 7.100
gzg;)(ﬁbmse 250 27 207 9.100

DMD (distrofina) 2400 79 180 30.770



Unidade de transcricao

UNIDADE DE TRANSCRICAO
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Unidade de transcricao

O Transcrito primario é idéntico em termos de sequéncia de base,
com excecao que o U esta no lugar do T, em relacao a qual fita de
DNA?



Unidade de transcricao

UNIDADE DE TRANSCRICAO

1

PROMOTOR G — AG GT -
5" EXON1 INTRON  EXON2 INTRON M "
5
Am———TC (A —— TCWE

codificante  ndo
RNA POLIMERASE codificante

TRANSCRICAO

sitio de inicio da traducao

iti itiod da da traduga
AUG sitios de sitio de parada da traducdo

clivagem STOP

5' ‘j,\u — A U AG | 3+ transcrito primério do RNA
_ ~ exon intron exon2 intron p &

0 Em relacao a fita sense, exceto que o U é substituido pelo T




Unidade de transcricao

DNA
3 5
Y
. DNA ATTGACCTGTACA Positive ,
o . 3
(coding) strand
TAACTGGACATGT Negative '
3 - 5
(anti-coding) strand
Transcription
° S — AUUGACCUGUACA . 3
Primary transcript

> Tomé# Urban 2013 (hnRNA, mRNA, tRNA, rRNA)



Unidade de transcricao

Onde os genes sao transcritos? Nucleo ou citoplasma?

nucleo

Onde os transcritos primarios sao processados para formar o
transcrito maduro?

nucleo

Em que consiste o processamento do mRNA?

Remocao dos introns e uniao dos exons

Além da uniao dos exons, o RNA maduro apresenta processamento
adicional?

Sim. Adicao de “cap’na regiao 5’ e da cauda poliA na regiao 3’



Unidade de transcricao

Onde ocorre esses dois tipos de processamento do mRNA apés a
remocao dos introns? Nucleo ou citoplasma?

nucleo

Qual o papel da estrutura 5’cap e da cauda poliA para formar o
transcrito maduro?

Evitar a acdo exonuclease 5 e facilitar o transporte para o
citoplasma

Qual o papel da regiao 5’UTR?

Regiao de ligacao do ribossomo



Bases da Traducao do mRNA
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O Que ¢ a fase de leitura da regiao codificadora?

sequence: THEOLDMANGOTOFFTHEBUSAND SAWTHEB IGREDDOGANDHERPUP
QISTBOIDWGOTOITTHIBOSWSMMBIGRDD@ADMPW

mrmmmmmmmmsmmx@mmmumw
mmwnuﬁmmtnuuumos.\mntGuooocuoump




Essa estrutura do RNAmM
ocorre em RNAS nao

codificadores? Por exemplo
RNA ribossomal?




D
Ribossomo 80S

Mammalian
ribosome (80S) — 28S rBNA (4,718 nt)

(4.2 x 10° daltons) | +
- , - 5.8S rRNA (160 nt)

» —-—

5S rBRNA (120 nt)
+

i < 60S subunit 49 proteins
18S rBNA (1,874 nt)
IE—. +
33 proteins

nt = nucleotides

40S subunit

© 2010 Pearson Education, Inc.
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Essa estrutura € de qual tipo de RNA?
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Loci rDNA

RNA ribossomal representa 60% de todo
RNA em células eucariotas
RNA ribossomal sao produzidos por 2
T L2 loci: 5S rDNA e 45S rDNA
45S ] . _
O numero de cépias do 5S rDNA varia
g % % % entre 10 a 400 copias
v 41 £ 18 101 1 O namero de cépias do 45S rDNA varia de

AT

60 a 800 coépias
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MicroRNAs

Exportin-5

1 A protein called exportin-5 transports
ahai : ;mary microRNA (pri-miRNA) 2% Meanwhile, one of the strands joins a
out of the nudeus. group of pmeins,fonningan
microRNA-protein complex. The other
Protain strand, known as a passenger strand
V4 isusual discarded.
all happens:sstnll not
velywel understood.
2Anenzymeca|ieddtoer(notshovm)mmsthe
E;v, -microRNA and removes the hairpi \
ngadoublestrandedmiaoRNAduplex Argonaute proteins 8 In animal cells the MIORNATIIE0T
f’[’” typically don't pair up with the mRNA
Base mismatch nucleotides as well. Their base pairing often
follows a pattern though.
m. .
B AL st 5 Nudeotide 1 AN
iated MiRNA
' HasanAacossfromit Deadenylation, /
microRNA-protein complex | 1 l
31In plant cells, the microRNA is ‘ 3 Poly-Atai (

usually perfectly complementary 0 /
toits target mRNA molecule. Seed (Nudeotides 2-8)
The microRNA will bond with it, \ base pairing
and cause the mRNA to
break down.

Nudeotide 9 5 The microRNA-protein complex's
/( Has an A or U across from it blocks translation as well as up

Nudeotides 13-16 (breakdown of the Poly-A tail),
Good base pairing Me mRNAtobedengy'radedsoone
and translated less.

MICro RNAS



O dogma central €
verdadeiro em
procariotos?




Bgctéria e Virus

Structural genes RNA polymerase
. T, 1
a L]
g x
4

v Y
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Promoter |_|_|_|+ f T

P1 P2P3 P4 Early Poly A Late Poly A

Pode ser um mecanismo comum para Virus e Bactérias. No genoma
eucarioto € uma excegao nao a regra.




1970 “Splicing alternativo’- Richard Roberts e Philip Sharp

B W W DNA
the two strands in
l DNAareseparamd
W Ensaios por microscopia
eletronica mostraram
+
T que a molécula de
MRNA hibrida com um
one of the DNA strands forms ~ ,
l a hybrid with messenger RNA trecho nao continuo do
DNA .

N

messenger RNA



L
1970 “Splicing™ alternativo- Richard Roberts e Philip Sharp

a) Alternative splicing
DNA 3’

Transcription

l 3’ cleavage site
Pre-mRNA 5 [JETIEM Intron 1-zi:mumm 7] Exon 3] 3

3’ cleavage and
polyadenylation

Richard J. Roberts l
(1943 -) mRNA 5 [IEZZEW intron 1 Tnm«. PJExon31.1.1.7.1.1. E§
Alternative
RNA splicing

mRNA 5" BI3G Exon 2 S AAAAAA B 5" ICHBENSTHEIAAAAAR 3

Intron 1 Intron 2 Intron 17 =" Intron 2

Phillip A. Sharp
(1944 -)

A different mRNA results, depending on what introns or exons remain in the transcript.




Genoma Humano

25.000 genes

J

90.000 proteinas

Valdivia, 2007 Circ. Res. 100:761



Glucocerebrosidase: Doenca de Gaucher

| GEA ]

NM_881171211.1 [ = = - - |-l— 18— — NP_801165282.1

NM_B01685742.2 [ - . ‘41— —EB— 13— — 83 NP_801685742.1

NM_B81665741.2 [ . e +1——E81— 13— 8 — —8 NP_881865741.1
Nn_eee1573 F1—E1— 13— 38— —8 NP_0083148.2

NP_B881165283.1

noeizisizy Bl—————————l——3

®M_oes711270.1 J— - - I]-r—'—;-—.-l—p-—l—l—r—.—)-—.—r—l—r—.—lm XP_896?113331

NM_001171811.1 Glycosylceramidase

1 NP_001165282.1 2629  Transcript variant 4 449 aa isoform 2

2 :I\g:gg 11 ggg;j:gg 2629 Transcript variant 3 1 536 aa gggﬁlﬁeﬁeﬂﬁiﬁ
3 ',\\lll\lél:gg ,;I 882;211 g 2629  Transcript variant 2 1 536 aa ilg%)rsrxlgeg? erziﬂzif
4 w\lél:(())gg 11 fgg 2629  Transcript variant 1 1 536 aa (i38|(})/]§300r8r%/|$er;'ra erzjjdrzif
5 r,\\lll\lél:gg: 11 gggg;: 2629  Transcript variant 5 3 487 aa (iSSIé/fcoorsn)]/Ige;?erELdrzif



Gene de mMRNA eucarioto e sua constituicao

Regulatory sequence Regulatory sequence
A ~ —A—
Upstream operator Promotor S’UTR Protein coding region / ORF 3'UTR Downstream operator
—— r A v—"—vr A v—A— ——
Enhancer Enhancer
/silencer Proximal Core RBS Start Exon  Intron Stop Terminator /silencer

1. Regiao reguladora: Promotor e Operador.

2. Regiao codificadora



Sequéncias conservadas na regiao

promotora central

TFID
TFIB recognition
recognition element

& element (TATA box)
5’ .éﬂﬂﬂ[lr’i'if MBIANT 10 A

-35 region  -25 region +1
Transcription start site
R J A\ J
h @ D 4
Regulatory Core
promoter promoter

Sitio conservado TATA box (-25 bp) e o sitio de
reconhecimento do TFIIB (-35 bp).
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GLCOg99Cogogccatctat toc t tACATTTCCTTCTRACACAACTETETTCACTAGCAACCTCAMCAGACACCATE

VolNisleuThrProGlutGlulysSerAlavel ThraloleuTrpél nn*lm\“ﬁlﬂl‘layﬂ.
Eron 1 GTGCACCTEACTCCTCAGCAGAAGTCTGCCOTTACTECCCTETCLOCCAMGGTCAACGTCGA

AlolewGlyAr-
CLCCTCLLCAGER 99t 0t Co0ggt Lo 0090 099 L L L00GPOHOC C OO L 0PO0C L GPGC Ot Gt 9POPOC OPOPooy

-glevlewValVolTyr
eon 1 OCtCttgggtitctgotoggcactgactctatatgectottggtctottttcccoccct teCTECTEETEATCTAL

ProTrpThrClnArgPhePheCluSerPheCl yAspleuSerThrProAspAlaVolMetGlyAsaProl ysVellys
COTTCRACCCAGAGLTTCTTTEACTCCTTTCOCEATCTETCCACTCCTEATECTATTATGAGCAACCCTAAGLTGANG

AloMisClylyslysVolleuGlyAloPheSerAspllyl euAloMi slevAspAsal eul ysGlyThePheAlaThr
COTCATCCCAAGAMGTCCTCCETECCTTTACTRATCLCCTCECTCACCTCOACAAC CTCAAGEGOACCTTTGCCACA

LeuSerGlul euMi sCysAsplysleuMi sValAspProGludsaPhedrg

CTCAGTGAGCTCCACTCTCACAGCTCCACCTCRATCCTCAGAMCTTCACGERgog ctatgggaccct tgatgtttt
CRLLCCCCLLCRLLLCtot ot taogt LCotgtcotoggaogegeogoogtaocogegtocogt ttogoot 99goeac
ogocgootgettgcatcogtgtggoogtctcoggotcgtittogtttctittotttgctgticotoocoottgtttec
ttttgtttoattcttgetttctttttttttctictccgcoatttttoctottotacttoatgccttoacattgtgtot

eon 2  00C000099000 ot CLCLPIPOtacat ta0gtoad tt03000000aC Lt LaCacagtctgcctogtacattactatt
tggootototgtgtgcttatttgcotattcatootgtccctoctitattttctittotttttoot tgatacotootce
ttotocototttotgggttocogtgtootgttttostatgtgtacocatattgaccosat cogggtoattttgaatt
tgtoottttocscoatgctttcticttttoatatoctittttgtttatcttatttctoatactttccctoattettt
CLLLCOPPPCootoatgotoacootgtotcotgrctctttgraccot tetooogootoocogtgataot ttctgggtte
oggcoctogostotttctgcotatocatotttctgcatatooot tgtoactgatgtoogeggtttcatattgctos
togeogitocoat ccogtoccottctgctittottttotggt tgggotooggctggottattctgogtccoogctog

LewlevblyAsaVallewValCysvallevdlo
grecttttgetootcatgt tcotocctcttot ettt cccocigCTCCTEEECAAMCETECTEATCTETETECTEGLC

HisSHi sPheClylysGluPheTheProProvol GlmAlaAleTryGlalysVolValAloGlyVolAloAsnAlol ey
CATCACTTTERCAMMGAAT TCACCCCACCACTECAGCCTOCCTATCAGAMMATLLTELCTEATETELCTAATECCCTE

AloHislysTyrHisTer
COCCACAAGTATCAC T AAGCTCECTTTCTTECTETCCAATTTCTATTAAGETTCCTTTATTCCCTAAGTCCAACTAC

TAMCTCCCCCATAT TATCAACCCCCTTCACCATCTCRATTCTCCCTRATARRAAACATTTATTTTCATT (oot got
gtotttocottatttctgootattttactocoocgggectgtgggoggtcogtgcat ttoscacotcoogocatgoty

0gCtgttcoooCCttgegooast oCactatat Cttooac tCCat§oaogooggt 9oggc tecooc Cogetootgcoce
LL9PCOOCOPCCCCLPItHCCLOtGCCt Lot tCotCCCtcogooooggattctigtogogecttge.... ¥

Exon 2

Exon )



Complexo Transcricional de muitos genes

a
SWI/SNF

CRSP/ARC
PBAF —-1

>

@ Many genes
\W ‘ %Iyrﬁggse | |

Enh i
nhancer Core promoter Coding

Em muitos genes a acao da RNA polimerase Il associada com os
fatores de transcricionais gerais (B, D, E, F e H), cofatores (CRSP,
TRAP, ARC/DRIP) é dependente complexos modificadores e
remodeladores de cromatina (SWI/SNF, PBAF, ACF, NURF e RSF).
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Exercicio

O Dada a seguinte sequéncia da DNA

5'- TTT AGT GAA CCG CAT GTT — 3’
3’'- AAA TCA CTT GGC GTA CAA — 5’

0 Qual a sequéncia do RNAmM?

5’- UUU AGU GAA CCG CAU GUU — 3’



O Dada a seguinte sequéncia da DNA

5’- TTT AGT GAA CCG CAT GTT — 3'
3’'- AAA TCA CTT GGC GTA CAA — 5’

Second Letter

c A G
uuu | Phe |ucu UAU Tw |UGU | Cys |U
U |uuc ucc | ser |UAC UGC c
UVA | Leu |UCA UAA Stop |UGA stop|A
UuG UcG UAG Stop |UGG Trp |G
cuu ccu CAU His | CcGU 1]
clcuc | Leu|ccec | Pro |CAC CGC | arg |C
o CUA CCA CAA | GIn |[CGA A
cCUG CCG CAG CGG G
letter AUU ACU AAU | Asn |AGU | ser |U
A|Auc | e |Acc | Thr |AAC AGC c
AUA ACA AAA AGA A

L Ar

AUG et | ACG AAG | ° |ace | M9 |G
GUU GCU GAU | Asp |GGuU 1]
G |GUC | va | GCC Ala | GAC GGC |Gy |C
GUA GCA GAA | gy |GGA A
GUG GCG GAG GGG G

3rd

letter

O Mutacao em qual(is) base(s) seria(m) responsavel(is)
formacao de uma proteina menor?

pela



O QUE E UM GENE?

Unidade Biologica Fundamental da
Hereditariedade

Unidade de Transcricao Fundamental da
Hereditariedade



