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Lecture : Genetics of susceptibility to infections Prof. Pierre-André Cazenave January 29, 2005



Basis of Immunology and Immunophysiopathology of Infectious Diseases, Institut Pasteur in Ho Chi Minh City, Vietnam, January 24 – February 5, 2005



The observation that some infectious diseases seem to have an inherited element is not new, nor is the observation that individuals respond differently to particular infections. Before Robert Koch’s work in the late nineteenth century, diseases such as tuberculosis and leprosy were widely believed to be inherited disorders. Heritability of susceptibility to several infectious diseases has been confirmed by studies in the twentieth century. Understanding the molecular basis for these differences should provide useful insight into infectious disease pathogenesis and aid the continuing global struggle to control these diseases. Basis of Immunology and Immunophysiopathology of Infectious Diseases, Institut Pasteur in Ho Chi Minh City, Vietnam, January 24 – February 5, 2005
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So far, the existence of so called « major » susceptibility genes that account for a significant proportion of the genetic contribution to disease susceptibility at a population level remains to be shown. Segregation analyses of large, affected pedigrees for diseases such as leprosy, tuberculosis and hepatitis B indicate that such genes might exist, but it is not clear whether these results can be extrapolated to the population as a whole. Moreover, none of these genes has been identified. Basis of Immunology and Immunophysiopathology of Infectious Diseases, Institut Pasteur in Ho Chi Minh City, Vietnam, January 24 – February 5, 2005
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Some common genetic disorders have been associated with protection from infectious disease, suggesting that their continued presence in the population has been the result of selection by infectious agents. Malaria and the effects of its causative agent, Plasmodium falciparum, on red-blood-cell diseases (haemoglobinopathies) are the best example.
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Early observational studies noted the similarity in geographical distribution of hemoglobinopathies and P. falciparum infection. From this followed the hypothesis of J.B.S. Haldane (1949), in which he proposed that red-bloodcell disorders, such as thalassaemia, might protect an individual from life-threatening infection with malaria. It was at the origin of speculations about the great selective pressure of pathogens on the evolution of protective immunity. Basis of Immunology and Immunophysiopathology of Infectious Diseases, Institut Pasteur in Ho Chi Minh City, Vietnam, January 24 – February 5, 2005
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Among the wide variety of clinical disorders that are characterised by generalised immunodeficiency or severe disorders of the immune system, genetic approaches have identified Mendelian conditions that predispose an individual to particular infections diseases.
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Most contributory genes identified so far account for a small proportion of genetic variability in susceptibility to infectious disease. As a result of developments in the genetic analysis of complex-trait, genome wide analysis of many hundreds of highly polymorphic markers can now be carried out to identify genomic regions that show linkage to disease.
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Complex trait



A trait determined by many genes, almost always interacting with environmental influences
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Components of fitness, such as longevity or survival, show lower heritability than morphological traits, such as skeletal shape. However, their heritability is lower because fitness components tend to have much higher ENVIRONMENTAL VARIANCE. When scaled appropriately, their genetic variance is actually higher.



Environmental variance The variance in the trait among genetically identical individuals. This variation might be due to the different environmental conditions experienced by different individuals, or to essentially random factors.
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Quantitative trait loci (QTL)



Genetic loci identified through the statistical analysis of complex trait (such as plant height or body weight or resistance to infectious diseases). These traits are typically affected by more than one gene and also by the environment
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Most traits, in most populations, show substantial HERITABILITIES



Heritability The fraction of the phenotypic variance due to additive GENETIC VARIANCE



Genetic variance The variance of trait values that can be ascribed to genetic differences between individuals
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Quantitative genetics focuses on the additive effects of individual alleles. This approach is valid even if there are pervasive interactions between genes – that is, DOMINANCE and EPISTASIS
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Dominance A genetic interaction between the two alleles at a locus, such that the phenotype of heterozygotes deviates from the average of two homozygotes.



Epistasis In the context of quantitative genetics, epistasis refers to any genetic interaction in which the combined phenotypic effect of two or more loci is less than (negative epistasis) or greater than (positive epistasis) the sum of effects at individual loci. Basis of Immunology and Immunophysiopathology of Infectious Diseases, Institut Pasteur in Ho Chi Minh City, Vietnam, January 24 – February 5, 2005
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Short tandem repeat polymorphism (STRP) or microsatellite polymorphism In 1989 a new type of abundant, multiallelic DNA polymorphism, the short tandem repeat polymorphism (STRP) (also called microsatellite or simple sequence length polymorphism) was reported. STRPs are based on variations in the numbers of tandem repeats in relatively short usually 500, for example), the effects of statistically significant QTL are substantially overestimated. This “Beavis effect” comes about because only QTL with a significance that exceeds some genome-wide threshold are reported, and their estimated effects tend to be inflated owing to a contribution from environmental variance. Basis of Immunology and Immunophysiopathology of Infectious Diseases, Institut Pasteur in Ho Chi Minh City, Vietnam, January 24 – February 5, 2005



Biases in QTL analysis (3) 5) homoplasy



6) cis-regulation



7) isoforms
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Severity



Congestive Heart Failure Misdiagnosis



Na+ sensitivity



Stroke



Overweight Atherosclerosis



Myocardial Infarction



Conceptual representation of etiological heterogeneity of essential hypertension Basis of Immunology and Immunophysiopathology of Infectious Diseases, Institut Pasteur in Ho Chi Minh City, Vietnam, January 24 – February 5, 2005



Body



Does it affect arterial pressure? How?



Organ



What organ? What process?



Cellular



Molecular



Genetic



Evolution



In what cell? What does it do in/out of the cell?



Gene expression? Protein function?



What gene? What variant?



Why is it a common polymorphism?



From genetics to mechanism of disease liability Basis of Immunology and Immunophysiopathology of Infectious Diseases, Institut Pasteur in Ho Chi Minh City, Vietnam, January 24 – February 5, 2005



The key to understanding the evolutionary significance of QTL is to understand the nature of inherited variation, not in the immediate mechanistic sense of how genes influence phenotype, but, rather, to know what evolutionary forces maintain genetic variability.
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From G.S. Cook and A.V.S. Hill (2001) Nature Reviews Genetics 2, 967
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Understanding quantitative genetic variation



Examples of long-term selection response From N.H.Barton and P.D.Keightley ( 2002 ) Nature Reviews Genetics,3,11 Basis of Immunology and Immunophysiopathology of Infectious Diseases, Institut Pasteur in Ho Chi Minh City, Vietnam, January 24 – February 5, 2005



The population begins at a point on the outer sphere, at a distance d/2 from the central optimum (d is the diameter of the sphere); the simulation is of ten dimensions, although only three can be shown. The first successful mutation has magnitude r =0.137d, and takes the population 8.7% of the way to the optimum (first part of line, leading to the second sphere). The third successful mutation has the largest magnitude, 0.271d; it is followed by smaller steps that, on average, follow a geometric series.
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Lethal allele
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