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Definição 

q  Região do DNA que codifica um RNA mensageiro que codifica uma 
proteína ou que codifica uma molécula de RNA funcional.  

O Que é Gene?  



Formas de expressão alélica 
A expressão alélica é sempre equilibrada?  



Formas de expressão alélica 

Seria esperado que genes presentes em duas cópias seriam expressos 
a partir de ambos homólogos em níveis comparáveis. No entanto, isso 
muitas vezes não ocorre. 



1958 – Definição de Gene 1953 – Estrutura do DNA 

Francis Crick (1916 - 2004) e 
James Watson (1928) 

Dupla hélice 



Definição: 1958 – Francis Crick 



Organizacão e Estrutura de um gene típico 

q  Não. Genes que codificam para histonas não possuem intron 

Em humanos, todos os genes contém exons e introns?  



Exemplos de organização gênica em genes 
codificadores de proteínas 

Gene Humano Tamanho 
(Kb) No exons Tamanho médio 

exon (bp) 
Tamanho médio 

intron (bp) 

SRY 0,9 1 850 - 

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

TP53 (p53) 39 10 236 3.076 

F8 (fator VIII) 186 26 375 7.100 

CFTR (fibrose 
cística) 250 27 227 9.100 

DMD (distrofina) 2400 79 180 30.770 



Unidade de transcrição 



Unidade de transcrição 

O Transcrito primário é idêntico em termos de sequência de base, 
com exceção que o U está no lugar do T, em relação a qual fita de 

DNA?  



Unidade de transcrição 

q  Em relação a fita sense, exceto que o U é substituído pelo T 



Unidade de transcrição 



Unidade de transcrição 
Onde os genes são transcritos? Núcleo ou citoplasma? 

núcleo 

Onde os transcritos primários são processados para formar o 
transcrito maduro?  

núcleo 

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

Sim. Adição de  “cap”na região 5’ e da cauda poliA na região 3’ 

Em que consiste o processamento do mRNA?  

Remoção dos introns e união dos exons 



Unidade de transcrição 
Onde ocorre esses dois tipos de processamento do mRNA após a 

remoção dos introns? Núcleo ou citoplasma? 

núcleo 

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

Evitar a ação exonuclease 5’ e facilitar o transporte para o 
citoplasma 

Qual o papel da região 5’UTR?  

Região de ligação do ribossomo 



Bases da Tradução do mRNA 



O Que é a fase de leitura da região codificadora? 



Essa estrutura do RNAm 
ocorre em RNAs não 

codificadores? Por exemplo 
RNA ribossomal? 



Ribossomo 80S 



Essa estrutura é de qual tipo de RNA? 

RNA ribossomal 18S 



Loci rDNA 
RNA ribossomal representa 60% de todo 

RNA em células eucariotas 

RNA ribossomal são produzidos por 2 
loci: 5S rDNA e 45S rDNA 

O número de cópias do 45S rDNA varia de 
60 a 800 cópias 

O número de cópias do 5S rDNA varia 
entre 10 a 400 cópias 



MicroRNAs 



O dogma central é 
verdadeiro em 
procariotos? 



Bactéria e Vírus 

Pode ser um mecanismo comum para Vírus e Bactérias. No genoma 
eucarioto é uma exceção não a regra. 



1970 “Splicing alternativo”- Richard Roberts e Philip Sharp 

Ensaios por microscopia 

eletrônica mostraram 

q u e a m o l é c u l a d e 

mRNA hibrida com um 

trecho não contínuo do 

DNA . 



1970 “Splicing" alternativo- Richard Roberts e Philip Sharp 



Genoma Humano 

25.000 genes 

90.000 proteínas 

Valdivia, 2007 Circ. Res. 100:761 



Glucocerebrosidase: Doença de Gaucher 

NM and NP ID Encoded by Isoform aas NAME 

1 
NM_001171811.1 
NP_001165282.1 2629 Transcript variant 4 2 449 aa Glycosylceramidase 

isoform 2 

2 
NM_001005742.2 
NP_001005742.2 2629 Transcript variant 3 1 536 aa 

Glycosylceramidase 
isoform 1 precursor 

 

3 
NM_001005741.2 
NP_001005741.2 2629 Transcript variant 2 1 536 aa Glycosylceramidase 

isoform 1 precursor 

4 
NM_000157.3 
NP_000148.2 2629 Transcript variant 1 1 536 aa Glycosylceramidase 

isoform 1 precursor 

5 
NM_001171812.1 
NP_001165283.1 2629 Transcript variant 5 3 487 aa Glycosylceramidase 

isoform 3 precursor 



Gene de mRNA eucarioto e sua constituição 

1.  Região reguladora: Promotor e Operador. 

2.  Região codificadora 



Sequências conservadas na região 
promotora central 

Sítio conservado TATA box (-25 bp) e o sítio de 
reconhecimento do TFIIB (-35 bp). 





Complexo Transcricional de muitos genes 

as a binding site for TBP (TATA-binding protein)11. In general,
promoters are selected for expression by the binding of TBP to the
TATA element. The regulation of TBP binding depends on upstream
activating sequences (UAS), which are usually composed of 2 or 3
closely linked binding sites for one or two different sequence-
specific transcription factors12. A few genes in the yeast genome,
such as HO, contain distal regulatory sequences13, but the vast
majority contains a single UAS located within a few hundred base
pairs of the TATA element.
Metazoan genes contain highly structured regulatory DNAs that

direct complex patterns of expression in many different cell types
during development (Fig. 1b)8. A typical animal gene is likely to
contain several enhancers that can be located in 5 0 and 3 0 regulatory
regions, as well as within introns. Each enhancer is responsible for a
subset of the total gene expression pattern; they usually mediate
expression within a specific tissue or cell type. A typical enhancer is
something like 500 bp in length and contains on the order of ten
binding sites for at least three different sequence-specific transcrip-
tion factors, most often two different activators and one repressor8.
The core promoter is compact and composed of,60 bp straddling
the transcription start site. There are at least three different sequence

elements that can recruit the TBP containing TFIID initiation
complex: TATA, initiator element (INR) and the downstream
promoter element (DPE)14. Many genes contain binding sites for
proximal regulatory factors located just 5’ of the core promoter.
These factors do not always function as classical activators or
repressors; instead, they might serve as ‘tethering elements’ that
recruit distal enhancers to the core promoter15,16. Finally, insulator
DNAs prevent enhancers associated with one gene from inappro-
priately regulating neighboring genes17. These regulatory DNAs,
enhancers, silencers and insulators are scattered over distances of
roughly 10 kb in fruitflies and 100 kb in mammals.

This elaborate organization of the regulatory DNA permits the
detailed control of gene expression. Indeed, a defining feature of
metazoan gene regulation is the use of multiple enhancers, silencers
and promoters to control the activities of a single transcription unit.
Enhancers were initially identified and characterized in mammalian
viruses and cultured cells18. They were shown to be composed of
multiple binding sites for different regulatory proteins. Subsequent
analyses in transgenic animals reveal an even greater level of
complexity8. Metazoan enhancers integrate different regulatory
inputs, such as those produced by multiple signalling pathways,
to direct stripes, bands, and tissue-specific patterns of gene
expression in Drosophila embryos and imaginal disks. Similarly
organized enhancers are responsible for the restricted expression of
the mouse Pit-1 gene in the anterior pituitary19, the localized
expression of Hox genes in rhombomeres of the vertebrate hind-
brain20 and the selective expression of immunoglobulin genes in
mammalian B lymphocytes21.

Tissue-specific enhancers can work over distances of 100 kb or
more. There are numerous examples of long-range gene regulation
in flies and mammals. For example, the embryonic enhancers that
regulate the mouse and human Igf-2 gene map over 100 kb from the
transcription start site22,23. The wingmargin enhancer that regulates
theDrosophila cut genemaps at a similar distance24, while the tissue-
specific enhancers that regulate theDrosophila Decapentaplegic gene
(Dpp), and orthologous genes in vertebrates, map far downstream
of the transcription unit25,26. This type of long-range regulation is
not observed in yeast and might be a common feature of genes that
play critical roles in morphogenesis and are therefore subject to
stringent regulation.

Enhancers generate complex gene expression patterns
Different enhancers can work independently of one another to
direct composite patterns of gene expression when linked within a
common cis-regulatory region. For example, the seven stripes of
even-skipped expression in the Drosophila embryo depend on five
separate enhancers; two located 5 0 of the transcription start site and
three located 3 0 of the gene27,28. These enhancers function in an
autonomous fashion owing to short-range repression: sequence-
specific repressors bound to one enhancer do not interfere with the
activities of neighbouring enhancers. The repressors must bind
within 50–100 bp of an upstream activator or the core promoter in
order to inhibit expression29.

Additional diversity in gene regulation is achieved by the use of
multiple promoters for a single gene. For example, the segmentation
gene Hunchback contains a maternal promoter that is ubiquitously
expressed in the germline and a separate zygotic promoter, which
mediates restricted expression in the anterior half of early
embryos30.

A potential ‘trafficking’ problem arises from the fact that cis-
regulatory DNAs can map far from their target promoters. In some
cases the regulatory DNAs actually map closer to the ‘wrong’
promoter than the proper one25. There are at least three underlying
mechanisms for ensuring that the right enhancer interacts with the
right promoter: insulator DNAs, gene competition, and promoter-
proximal tethering elements that recruit distal enhancers.

Insulators are typically 300 bp to 2 kb in length and often contain

Figure 2 The multi-subunit general transcription apparatus: identification of tissue-
specific and gene-selective subunits. Diversified metazoan transcription initiation
complexes. a, The eukaryotic transcriptional apparatus can be subdivided into three
broad classes of multi-subunit ensembles that include the RNA polymerase II core
complex and associated general transcription factors (TFIIA, -B,-D,-E,-F and -H), multi-
subunit cofactors (mediator, CRSP, TRAP, ARC/DRIP, and so on) and various chromatin
modifying or remodelling complexes (SWI/SNF, PBAF, ACF, NURF and RSF).
b, c, Metazoan organisms have evolved multiple gene-selective and tissue-specific
TFIID-like assemblies by using alternative TAFs (TBP-associated factors such as the
ovarian-specific TAF105) as well as TRFs (TBP-related factors such as TRF2 in
Drosophila and mice) to mediate the formation of specialized RNA polymerase initiation
complexes that direct the transcription of tissue-specific and gene-selective
programmes of expression.

review article
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Em muitos genes a ação da RNA polimerase II 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). 



Exercício 
q  Dada a seguinte sequência da DNA 

5’- TTT AGT GAA CCG CAT GTT – 3’

3’- AAA TCA CTT GGC GTA CAA – 5’

q  Qual a sequência do RNAm? 

5’- UUU AGU GAA CCG CAU GUU – 3’



q  Dada a seguinte sequência da DNA 

5’- TTT AGT GAA CCG CAT GTT – 3’

3’- AAA TCA CTT GGC GTA CAA – 5’

q  Mutação em qual(is) base(s) seria(m) responsável(is) pela 
formação de uma proteína menor? 



O QUE É UM GENE? 

Unidade Biológica Fundamental da 
Hereditariedade 

Unidade de Transcrição Fundamental da 
Hereditariedade 


