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Worldwide genetic diversity – human migrations

Drift

Negative selection

Positive selection or adaptation



1000 Genomes
CEU, YRI and CHB+JPT

Positive selection – immune and food-related

Grossman et al. (2013) Cell 152:703-713



Rationale of an evolutionary approach in evaluating 
susceptibility to complex diseases

- Thousands of years of evolution selected the best fit biological   
responses

- If we understand the biological mechanisms, we can mimick 
them for therapeutical approaches

- Even if the selection event took place in one population group, 
it can be extrapolated to all humans



Array technology

A
C

A
T Linkage disequilibrium

Tag markers – Causative marker

Case Control

Genome Wide Association Study (GWAS)

Dengue fever – Admixture mapping



Thousands of individuals must be studied

Statistical burden: 0.05/600,000 = 8.33 x 10-8

Statistical 
burden: 
0.05/180 = 
2.7 x 10-4

Sample size 
decreases 
to hundreds

More 
interesting 
in terms of 
population 
genetics

Admixture mapping

Traditional GWAS

Statistical burden in complex diseases evaluation



Flavivirus - 4 serotypes

Asymptomatic

Unreported dengue fever

Reported dengue fever (DF)

Dengue severe disease (DHF/DSS)

100 million cases per year – high health burden
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Epidemiologic evidence in Cuba: 
dark-skinned people presented less 
severe form and died less of dengue 
disease than light-skinned people 

. red - epidemic 
dengue and 
presence of Aedes
aegypti
. brown - only Ae. 
aegypti

2.5 million SNP 
Illumina array



Admixed populations acquired selected variants that emmerged by adaptation 
in other geographical regions – ADAPTIVE ADMIXTURE

Ancestry fine-matched GWAS 

OSBPL10 - oxysterol binding 
protein-like 10

RXRA - Retinoid X Receptor Alpha 

Possible motors of positive 
selection in Africa:
- Yellow fever virus
- Dengue fever virus
- Zika virus



LXR/RXR activation pathway in hepatocytes and macrophages
Integrates lipid metabolism and immune functions: virus entrance/replication and cytokine production

Functional assay: OSBPL10 knockdown 
decreases DENV replication 



Our current investigation related with dengue fever:
Test several lipid metabolism-interfering drugs in 
dengue infection assays 



OSBPL10 and RXRA
Cuban

LXR/RXR activation pathway 
Lipid metabolism and 

cytokine/chemokine production
hepatocytes and macrophages

VDR
Vietnamese

VDR/RXR activation pathway
Immune function, sterol metabolism, 

cell growth and proliferation

PLCE1 PLCB4
Vietnamese Thai

PPARA/RXRA activation pathway
Lipid metabolism and acute 

phase inflammation response

Unifying 
framework for several 

genes potentially 
protective against dengue

CHST10, AHRR, GRIP1 and PPP2R5E
Thai

Xenobiotic metabolism pathway 
PXR/CAR-RXRA

Xenobiotic metabolism and 
inflammatory response

Protective genes can differ but be related amongst population groups

Xenobiotic metabolism pathway



Genetic risk to DHF/DSS phenotypes of dengue disease



More time for coevolution in 
Africa

Lower virulence of African strains
Africans better naturally protected

“African enigma”

Dual population structure
Bottlenecks 

Disrupted coevolution – maladaptation – new 
adaptation

Potential increased virulence
Asians and Europeans worse protected

Encounter of mismatched 
host-pathogen groups
Disrupted coevolution

Old pathogen-human interaction – Helicobacter pylori –
in vitro evaluation of coevolution 



Old HIR – Helicobacter pylori – infection assays and AmpliSeq



Old HIR – Helicobacter pylori – genome-wide transcriptomics 

Up-regulation Down-regulation



Old HIR – Helicobacter pylori – innate immune response 

IL-17 s p
NF-kappa B s p
NOD-like receptor s p
TNF s p

type-1 interferon 
signaling pathway

inflammation



Old HIR – Helicobacter pylori – oxidative stress



Old HIR – Helicobacter pylori – Coevolution – main conclusions

(1) host response to H. pylori was greatly molded by human ancestry

(2) African human ancestry showed clear signs of coevolution with H. 
pylori – broader and better adapted molecular response

(3) European human ancestry was maladapted – mainly activation of the 
immune system

(4) Asian ancestry in between (but closer to the coevolved African)

(5) mismatched host-bacterium ancestry did not appear to be an 
important differentiator of gene expression, at least at the initial 
stages of infection, as we analyzed here


