
Genome Organization

•How many genes?

•Which genes?

•How many essential genes?















•Transposons
•Large duplications
•Simple repetitions
•Tandem repeats





How many genes are expressed?    

• About 10 000 genes are expressed in all cells

• Some genes are expressed only in some cells





C. elegans



Most of yeast genes are
not essential genes

• Redundant genes (gene families) 

• Genes with ancillary functions



PSEUDOGENES

Nonfunctional gene copies

• Non processed (with introns)
• Processed (without introns)



Origin of pseudogenes
(inactive copies of a coding gene) 

reverse transcription







Pseudogenes = non functional genes

• With introns

• Processed

To summarize……



Gene Families

Gene family  a group of genes that 
encode related or identical products as a 
result of gene-duplication events from a 
common ancestor.

Superfamily  genes that are more 
distantly related but that still can be
recognized as having common ancestry 
and are coding for proteins that exerts 
very different roles.









Human hemoglobins



Globin gene family
in humans and other primates
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Human hemoglobins
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Gene duplication
• Gene duplication contributes to genome
evolution

• Immediately following a gene duplication,
changes might accumulate more rapidly in 
one of the copies, eventually leading to a new 
function.

• Duplicated genes may diverge to generate 
different genes, or one copy may become an 
inactive pseudogene.





Crossing Over
Exchange of corresponding segments between
the homologs recombinant chromosomes that 
are different from the parental chromosomes 
can be generated. Recombination results from 
a physical exchange of chromosomal material.



Crossing Over Ineguale

Results from pairing between nonequivalent 
repeats in regions of DNA consisting of 
repeating units.



Ancestral 
precursor



Divergence  percentage difference 
between correlated nucleotide sequences.

Mutations can occur in synonymous sites 
or in nonsynonymous sites.



.GTG.TGT.CGA.GCT.CCA.
.GTG.TGT.CTA.GCT.CCA.

.GTG.TGT.CTT.GCT.CCA.

.GTG.TGT.CTA.GCT.CCA.

.Val.Cys.Arg.Ala.Pro.

.Val.Cys.Leu.Ala.Pro.

.Val.Cys.Leu.Ala.Pro.

.Val.Cys.Leu.Ala.Pro.

Nonsynonymous and synonymous sites





The divergence between any pair of 
sequences is (more or less) proportional to 
the time since they separated.

From their divergence, we can calculate 
how much time has passed since the 
duplication that generated them.



800 million years

500 million years

200 million years

40 million years
100 million years

Myoglobin 2 2 1  G A  
-globins -globins

Gene duplications during the evolution
of human globin gene family

The comparison of nucleotide sequences  allows to establish 
the evolutive relationship among globin genes 



There may be more members of a gene
family, both functional and nonfunctional,
than we would suspect on the basis of
protein analysis. (proteome).

The extra functional genes may represent
duplicates that encode identical
polypeptides, or they may be related to-
but different from-known proteins (and
presumably expressed only briefly or in
low amounts).


