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Abstract:

Evolutionary analysis at the molecular level provide new tools to biology when considering
the action of natural selection in genes and sets of genes in their functional setting of physiological
pathways. Their analysis is illuminating by one hand the molecular bases of complex adaptations
and, moreover, may help in advancing at a higher pace the basic understanding of function at the
gene-product (or protein) level. These processes can be seen comparing genome data of different
species  or  of  populations within  a  single  species.  Examples will  be provided for  humans and
primates.

The initial point is the interest of detecting natural selection in the form of positive (or
adaptive) selection, purifying (or negative) selection and balancing selection. From the theoretical
models now it is possible to interrogate whole genomes in the search of footprints of selection.
And the genes and genome regions having been under positive selection will tell us the specific
adaptations  that  have  driven  a  species  (in  the  examples,  our  own  species)  to  have  unique
adaptations, a framework that may be translated into the differences among human populations.

Comparative  analysis  of  selective  pressures  on  sets  of  genes  involved  in  a  complex
pathway or functional network may help disentangle the fine tuned purifying selection pressures
that may be converted in terms of “biological  importance” or relative dispensability in  sets of
genes. Results in functional networks and gene families show differences in selective pressures
(and thus in function) that are not being detected by standard experimental methods. 

Second, the evolutionary analysis among humans may unravel the specific role of genetic
variants in different populations having been exposed to different selective forces. When looking at
genes that may be related to the pathogenic environment (of strong stratification in humans), not
only  genes  related  to  immunity  or  inflammation  are  of  interest,  but  also  those  related  to
glycosylation of the membrane proteins. Where in the functional network these forces have been
acting  may  help  to  understand  the  basic  forces  of  adaptation  and  genotype-phenotype
relationships. 



These evolutionary studies are nothing but the analysis of the results of long term 
adaptation and thus of functional analysis of variation naturally produced by mutation and natural 
selection having shaped the resulting phenotypes. Their comprehension, as in all genotype-
phenotype relationships, will only be possible through the analysis of complex biological 
networks.


