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Research Overview

Adaptive Evolution of the Human Genome
Positive selection / relaxation- PLoS Comp. Biol., 2006

Tissue-specific genes evolution- working on

Human Disease and Natural Selection
nsSNPs functional prediction- JMB, 2006; HM 2007

Pupas Web server- NAR, 2006

Phylogenetics/omics
Phylemon Web server- NAR, 2007

The Human Phylome- Genome Biol. 2007
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Ancient Events of Positive Selection on Human-Chimp Genomes

Main Publications from 2003 to 2007



Comparing Human-Chimp PSGs studies
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Our work…why?

� Which are the full set of genes and functions that 
evolve outside of the molecular clock hypothesis?

� Which are the full set of genes and functions that were 
positively selected during evolution of each species, and 
which show evidence of weak selection/relaxation?

� How do these sets of genes compare amongst 
themselves and in between derived and ancestral 
lineages at a functional level?

•• Main QuestionsMain Questions



ωωωω2222=1=1=1=1

Positive selection, relaxation and clock
Derived and ancestral lineages

Testing ClockTesting Clock
(RRTree, Robinson-Rechavi, Bioinformatics 

2000) �

                    ωωωω2>1 (p2a , p2b)

   ωωωω1111=1=1=1=1 , ωωωω1111=1=1=1=1 (p1)

0<ωωωω0<1 , 0<ωωωω0<1 (p0)

Foreground

Background

Branch-site models: site classes (0, 1, 2)�

Test I: M1a (neutral) vs A (Positive selection) models

Test II: A1 (neutral) vs A (Positive selection) models

Positive selectionPositive selection

NeutralityNeutrality

Purifyng selectionPurifyng selection

Testing PS and RXTesting PS and RX
(CodeML, PAML, Zhang, Nielsen, Yang, Mol Biol 

Evol 2005) �



Clock assumption - Ka/Ks ratio - ML branch-site model

A minor proportion of genes with 

Ka/Ks>1 match events of ML- PS
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Distribution PSGs and RXGs

Functional Analysis PSGs and RXGs

Derived – Ancestral change





Conclusions IConclusions IConclusions IConclusions I

� Adaptive evolution is an infrequent process shaping the pattern of divergence 

between human and chimp genomes.

� Use of rate approaches (Ka/Ks) for concentrating cases of positive selection 

should be discarded in favor of more sensitive methodologies.

� Functional classes encompassed by the sets of genes evolving without clock and 

positive selection were the same and in similar proportions. 

� Our analysis using the first release of the Chimp Genome from Ensembl database 
probable collects false positive cases of PSGs

� We are running a new analysis using an updated Chimp and Macaca genome 



Positive selection: Nervous System



Brain genes are between the most conserved 
genes analysed in PS studies 



How different is the evolution of 

human brain-specific genes from:

• others human T-SG’s?
• and in between lineages?

Are there any effects of using 

alternative statistical methods 

• Rate estimation?
• Mean estimation?

Main Questions

ω−ω−SEWM estimation using a freeSEWM estimation using a free--branch ML modelbranch ML model

..!!?..!!?

286 H-TSGs, 551 HKGs, 9 Tissues



Re-Analysis of Dorus, et al. (2004) data

ω−ω−SEWM estimation using a freeSEWM estimation using a free--branch ML modelbranch ML model



Some of the H-TSG’s under PS (Test II)�



Conclusions II

� Estimates of average dN/dS ratios are sensitive to the methods used for combining 

estimates and the methods used for estimation of dN/dS.

� Brain specific genes show no evidence for acceleration in the primate lineage 

compared to many other tissue specific gene categories.

� There is no evidence for an elevation in the dN/dS ratio in brain-specific genes in 

humans compared to chimpanzees, neither between primates and murids taxa. 

� The number of brain-specific genes showing evidence for positive selection is higher

in the chimpanzee than in the human evolutionary lineage.

� While there undoubtedly has been much positive selection relating to brain function 

during the evolution of modern man, this selection has not been so pervasive that is 

has resulted in a detectably accelerated rate of molecular evolution.



HoweverHowever……
TIG, november 2006



Human Disease & Evolution



Medicine believes in genetics, less in bioinfo 
and almost nothing in evolutionary biology!!

� Medicine seldom takes into account evolutionary 

biology’s conclusions

� Parasites should evolve towards a bening coexistence with their host…

� It strongly depends on mode of inheritance (Paul Ewald, 1996)�

� Scientists working in biomedicine rarely recognize 

basic evolutionary biology concepts

� PAML matrix

� Positional homology



Evolutionary Thinking in Biomedicine
Notable exceptions

� 1996. Paul M. Ewald. Evolution of infectious disease

� ”Parasites vertically inherited should evolve toward a bening coexistence 
with their host”.

� 1996. R. Nesse and G. Williams. Why we get sick? The new 
science of Darwinian Medicine 

� “Why in a body of such exquisite design, are there a thousands flaws and 
fraities that make us vulnerable to disease?... They suggest new ways of 
addressing illness”

� 1998. Stephen C. Stearns. Evolution in health and disease

� “... our body was shaped by natural selection to maximize reproductive 
success in ancestral environments”.

� 2002. Steve A. Frank. Immunology and Evolution of Infectious 
disease

� Bring the gap between immunology and epidemiology.



SNPs can cause alterations of gene function by…

�� Alterations in expression levelAlterations in expression level

�� Alternative splicingAlternative splicing

�� Alteration (or loss) of gene product functionAlteration (or loss) of gene product function

�� Changes in the stability of the proteinChanges in the stability of the protein

�� Functionally important residuesFunctionally important residues

�� Phylogenetic conservationPhylogenetic conservation

Natural selection working at codon levelNatural selection working at codon level

Example: SNP’s and Disease



Main Question

Could an estimator of the selective Could an estimator of the selective 

preassures acting at codon level preassures acting at codon level ((ωωωωωωωω)) be be 

used as a predictor of the phenotype used as a predictor of the phenotype 

effect of SNPeffect of SNP´́s?s?



�� SiteSite--specific modelsspecific models
average dN/dS over 
lineages but differentiate 
over sites

Detecting Positive & Negative Selection

1

2

3

dN/dS

dN/dS

� ML models for positive selection 

� M1a vs M2a;  M7 vs M8

� Bayes Empirical Bayes (BEB)�

� M2a, M8

� (which ω class (h) each site is 

most likely to belong).

� Sitewise likelihood-ratio method 

(SLR)�



Bayes Empirical Bayes (BEB)/

Neutral

Positive

Purifying



Evolutionary models in action

A real case with A real case with 

the master the master 

protein of the cellprotein of the cell

p53

DNA



TP53 protein

� Probably p53p53 is the main protein regulating cell division and apoptosis

� Many mutant formsmutant forms are involved in different types of human cancer



Evolutionary 
Models in TP53

• M1a vs M2a -> no PS

• M7 vs M8 -> no PS

•logL(M2a)> logL (M8) -> ** best

• SLR -> Other alternative method
•(multiple testing 95%, 99%)�
• ---, ----
• +++, ++++



TP53 Evolutionary Analysis

DB and TR domains have the lowest ωωωω value distribution



 A 

DNA 

L1 L2
S1 S2 S2’

S3
S4

100 120 140 160

L3L2 L2

S5 S6 S7
H1 S8

180 200 220 240

L3
H2S9

S10

260 280

!!+! !! !   ! !+! ++!+!!!!!!!!!! !!!!!!!!!!!!!!!! !    !!+!+ !!!!!!!!!  !   

!!!!!!!!!!!!!  ! !! !! !!!!!!!!!  ! ! !! !! +!!!+!! !! !!!!!!+!!!!!!!!!!!!    

!!!!!!!!!!!!!!!!!!! !+!!!!!!!!!!!!!!!!!!!+!!!+!!   

B

169– MTEVVRRCPHHERCSDSDGLAPPQHLIRVEGNLRVEYLDDRNTFRHSVVVPYEPPEVGSDCTTIHYNYMCNSS-241
** * ***         **  ** *****    *  *     *** **** *    **     *****

96–SVPSQKTYQGSYGFRLGFLHSGTAKSVTCTYSPALNKMFCQLAKTCPVQLWVDSTPPPGTRVRAMAIYKQSQH-168
**    * *       *      ***  ***  ***  * *** **    *    **    ** * **    

242–CMGGMNRRPILTIITLEDSSGNLLGRNSFEVRVCACPGRDRRTEEENL-289
********** ** ***   *  ***  **** ********  ** *  

DNA-binding domain evolutionary  and biological 
analysis

SLR: ωωωω ≤ 0.1, 0.1 <ωωωω ≤ 0.2, 0.2 <ωωωω ≤ 0.3, ωωωω >0.3



TR-domain evolutionary and biological analysis

SLR: ωωωω ≤ 0.1, 0.1 <ωωωω ≤ 0.2, 0.2 <ωωωω ≤ 0.3, ωωωω >0.3

B

ββββ

335 345

!!!!!!!!!+ !!!!+!! !!!!!!+!+     

αααα

325–GEYFTLQIRGRERFEMFRELNEALELKDAQA-355
*   *   *    *     *  * *    

 A 



§Evolutionary biologists recognized that natural selection works in 
proportion to the number of deleterious mutations in the population

How effective is natural selection ?



TP53 mutation freq. and selective constraints 

According to the theory this will follow an “L” shap e curve



The Main Question again

Is it possible to obtain a specific predictor of the 

more frequent amino acid changes associated to 

human diseases?

p53 results seem to show good signals, however,



Bioinformatics and evolutionary analysis

� Analyse DB containing codon mutation frequencies for all the possible 

human diseases proteins

� Immune deficiency and cancer (COSMIC) databases (approx. 250 

genes)�

� Ensembl-orthologous genes in different species

� Mammals and Vertebrates 

� Evolutionary ML analysis 

� (M1a, M2a, M7, M8, SLR)�

� Statistical tests (KS) 

� reject genes with <10 mutations



ωωωω and frequency distribution of Immune and Cancer mutations

ωωωωthreshold= 0.1

Two sample KolmogorovTwo sample Kolmogorov--Smirnov testSmirnov test

H0: freq. (lower ω) = freq. (upper ω)

HA: freq. (lower ω) > freq. (uppper ω)

 



Conclusions III

� We have found an evolutionary parameter that allows to 

differentiate amino acids where disease is more frequent

� This parameter is a measure of the action of natural selection 

working on vertebrate species during million years 

� We hypothesize that non-synonymous changes on amino acids 

showing ωωωω < 0.1 probably affects the normal function of proteins

� Recently we confirmed this results using more than 3,000 proteins 

� Disease and polymorphisms are differentiated using ωωωω values



Selective constraints on all the cSNP’s of 
the Human Genome

PAMLPAML--SLRSLR

Evolutionary Models Evolutionary Models 



Bioinformatic Tool: SNP’s probable associated to 
mendelian diseases (NAR, web issue 2006)�



Phylogenetics/Phylogenomics

Phylemon server is atPhylemon server is at: : http://phylemon.bioinfo.cipf.es



Phylemon characteristics I:
Phylogenetics Analysis

Register, Login & Projects
Tools & Analysis

Project Results
Tree Visualization

MrBayes Analysis

PhyML Interface

Select files for further analysis

Tree-Puzzle 
results



Phylemon characteristics II:
Evolutionary -tests/Phylogenomics/Pipelines

Tools & Analysis

Project ResultsProject Results

Select files for further analysis

Phylogenomic Analysis 
- Automatic analysis of multiple genes. - Gene Concatenation.
- Pipelines defined by users.  - Java applet environment.

Differential selection of model parameters

Alternative analyses saved in different pipelines

Parameter’s definition

Pipeline Results



Muchas Gracias!! Muchas Gracias!! á

Micostrium Vulgaris
Phylum: Chordata 
Subphylum: Vertebrata 
Class: Mammalia 


