
• Exons: sequences found in mature RNA

• Introns: sequences removed from primary 
transcript (pre-mRNA) 







Complementary DNA (cDNA) is DNA 
synthesized from a mature mRNA template in 

a reaction catalyzed by the enzyme
Reverse Transcriptase.

cDNA





• Exons remain in the same order
in mRNA as in DNA

• Nuclear genes introns usually do not encode 
proteins and all three possible reading 
frames are blocked by termination codons.

This means that if an intron is not 
correctly removed the translation of 

that mRNA is stopped. 





• Introns can be present in all gene types 
(pre-mRNA, tRNA, rRNA) 

• In mRNA terminal exons include non 
translated regions (5’ e 3’ UTR) 



Genes coding for the same protein 
in different species usually show 

the same exon-intron organization.



DHFR  Dehydrofolate Reductase



Gene family  A gene family is defined 
as a group of genes that encode related 
or identical products as a result of 
gene-duplication events, starting from an 
ancestral common precursor gene.















• Yeast: length of genes similar to 
length of messenger RNA.

• Mammals: length of genes about 
5 times the length of mRNA.



Introns

• Absent in prokaryotes (few exceptions) 
• Few in archaea and yeasts

• Many in complex eukaryotes



Origin of interrupted genes

"Introns early" hypothesis:
genes originated as interrupted structures 
and those now without introns have lost 
them in the course of evolution.

"Introns early" hypothesis:
the ancestral protein-coding sequences were 
uninterrupted and that introns were 
subsequently inserted into them.
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Exon theory of genes

The short genes forming 
ancients genomes probably 
encoded for single-domain 
proteins, and to have an 
active enzyme, they had to 
join together to form multi-
subunits active complexes.

Later on during evolution this 
enzyme synthesis may have 
been made more efficient 
joining short genes, to form 
an interrupted gene coding 
for a single multi –domain 
protein subunit.



The evolutionary role of introns

(the “exon shuffling” theory) 









Modular structure of proteins
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Coding ability  
of eukaryotic genes

In eukaryotes (especially for higher 
eukaryotes) different proteins can be 
generated starting from a single gene 
containing partially overlapping sequences.

One gene  = one proteinX





PARTIALLY OVERLAPPING CODONS

RARE EVENT  for short sequences in some viral and 
mitochondrial genes 
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Different mRNA isoforms can vary:

• in the coding region (the protein structure 
changes) 

• in the non-translated region (changes in 
translation regulation and/or in messenger 
stability) 


