
Common disorders (multifactorial)

Individual  variations  (polymorphisms)  in  some  genes  can 
predispose  (or  protect)  for  a  disease,  in  interaction  with 

environmental factors (food, smoking, infection, stress…)

Metabolic diseases type 1 diabetes T1DM
type 2 diabetes T2DM

Neurodegenerative dis. Multiple sclerosis MS
Parkinson disease PD
Alzheimer disease AD

Psychiatric diseases Schizophrenia
Vascular disease Arterial hypertension
Joint diseases Rheumatoïd arthritis RA
Infectious diseases ! Predisposition to leprosy



Environmental and inherited factors  

Genetics Environment 

Principes de génétique humaine 
Josué Feingold, Marc Fellous, Michel Solignac
Hermann éditeurs



Risk variation acording to genotype 

Feingold et al 

threshold



Familial recurrence in some common disorders 

Feingold et al 

Relative Risk (RR) = Odds Ratio (OD) = λs

(MS)



2. Association studies
•  Case-control studies :���

 comparison of allelic frequencies or genotype frequencies 
(aa/aA/AA) (testing for recessive, dominant or additive 
effect)

•  In the general population or in « isolates » (Iceland, Finland, 
Ashkenazy Jews, remote villages [mountains]…) with 
possible founder effects

How to identify genes and alleles causing this increase of 
Relative Risk?

1. Family studies (linkage analysis)
•   Large« monogenic » families : parametric methods
•   Small families : non-parametric methods :

Sib-pair studies



1. Sib-pair method 

1  3 2  4 

1  2 

a priori likelihood (for informative parents = IBD) 
2 shared alleles (1 2)   0.25 
1 shared allele (1 4 ou 2 3)  0.50 
0 shared allele  (3 4)   0.25 

?

 IBD: Identity by descent;
 IBS: Identity by state (if parents not genotyped or non informative)



Sib-pair method 

Feingold et al 

χ2 = Σ (O - E)2 

     E 
Determine the p value from χ2 distribution  

Expected



Susceptibility locus to leprosy
« Genome Wide » study   Mira et al. Nature Genetics, 2003 

86 families 205 patients (90 paucibacillary, 115 multibacillary) 



20 microsatellites in the 6q25-27 region 

Mira et al. Nature Genetics, 2003 

Susceptibility locus in leprosy



2. Association studies

•  Risk = p(m)
•  Relative risk RR = p(m)f+/p(m)f- (f+; f-: present or 

absent risk factor)
•  Attributable risk defines, at the population level,  

the proportion of cases imputable to the risk factor 
AR= f(RR-1)/1+ f(RR-1)   f=frequency of carriers

•  Case-control studies
•  Comparison of allelic frequencies or genotype 
frequencies (aa/aA/AA) (testing for recessive, 
dominant or additive effect)
•  Hypothesis of a founder effect

Relative risk and attributable risk :



Association studies

•  Candidate at-risk allele
•  Candidate gene(s)
•  Candidate region
•  Whole Genome Association Studies 

(GWAS) : possible since 2005…



17 %

73 %

10 %

•  Candidate allele :
(the allele is directly predisposing to the disease)

Alzheimer disease (multifactorial form)

Predisposing gene : ApoE
Allèles :

Apo ε4 arg arg

Apo ε3 cys arg

Apo ε2 cys cys

Genotype frequencies
ε4 homozygote (aa) : 0,17 x 0,17 ≈ 0,03 (3 %)
ε4 heterozygote (aA) : 2 x 0,17 x 0,83 ≈ 0,28 (28 %)
ε2 or ε3 (no ε4) (AA) : 0,83 x 0,83 ≈ 0,69 (69 %)

Amyloïde plaques



Relative risk of ε4 allele for Alzheimer disease

genotype patients
%

controls
%

Relative 
Risk
RR

Attributable
Risk
AR (%)

ε4 ε4 or ε3 ε4 58 31 x 3.1 39
ε4 ε4 14 3 x 7.7
ε3 ε4 44 28 x 2.6
ε2 or ε3
(no ε4)

42 69

Incidence of the disease at 85 years ≈ 10%
0.1 x 0.14

RRhomoz =      .   0.03          . = 7.7
0.1 x 0.42
  0.69

0.1 x 0.44
RRheteroz =      .   0.28          . = 2.6

0.1 x 0.42
  0.69



Estimation of the 
prevalence of 
dementia DSM-III-R  
(Alzheimer) 
according to age and  
ApoE e4 genotype 

Relative risk of ε4 allele for Alzheimer disease:
genotypes (freq.) RR risk at 85 years
ε4 ε4 (3 %) 7.7 x 46 %
ε3 ε4 (28 %) 2.6 x 16 %
ε2 ou ε3 (69 %) 1    x 6 %



Predisposing allele is in linkage disequilibrium with 
flanking polymorphic markers 

Requires the sequencing of the entire at-risk 
haplotype, possibly also in different populations

•  Candidate gene but no candidate allele



Variations in chromosomes 
in a given population.Emergence of variations 

in the course of evolution

Time present 

mutation 

Linkage disequilibrium and haplotype

Adam

and

Eve



Evolution of the length of the shared region in patients, 
around a mutation or a risk variant 

M ou AV 

1st G 2nd G 10th G 50th G 100th G 

40Mb 25Mb 2-3Mb 0.5Mb 0.2Mb 

M: mutation ���
AV: at-risk variant



Mira et al, Nature, 2004 

Association between leprosy
and 81 SNPs in the candidate region (2 Mb)

•  Candidate region (based on linkage)



Mira et al, Nature, 2004 

Recessive protective C-T haplotype and not dominant at-risk haplotypes : 



Is there additional genes and alleles causing 
increased relative risk for Alzheimer disease?

Whole genome association study (GWAS)

Polymorphisms in linkage disequilibrium with a nearby 
allele directly causing the increased susceptibility



GWAS 2009
Alzheimer Disease, Harold et al Nat. Genet. 2009



GWAS 2009
Alzheimer disease, Harold et al Nat. Genet. 2009
SNPs showing genome-wide significant association with AD in stage 1 of GWAS



Association studies: interpretation of statistically 
significant results)

•  False positive (type 1 error) (significance of the 
p≤ 0,01…), major problem of  multiple testing 
(needs Bonferroni correction or other tests) and 
publication bias of positive results : requires 
replication studies



Nature Genetics, 2003 



Rares variants, common 
polymorphisms

•  « Whole genome association »strategies are based on one 
hypothesis: common disease, frequent genetic risk factor in 
the population (common disease/common variant); in these 
cases,  RR is seldom above 2. But monogenic disease 
studies suggests that individually rare variants can have 
high effect on the disease risk. 

•  Variant fr 1/10,  RR2: attributable risk = 9%
•  Variant fr 1/1000,  RR10: AR = 1%
•  In the 2nd case: the variant is important for the individual, 

but little contributive for the population



Genetic variants and et common and rare 
diseases

Diagnosis 
/ PND

Problem for 
Diag./PND

HLA 
ApoE & Alzheimer 
DMLA 
Chron

No diagnostic 
application 



Rare variants, common 
diseases

•  An emerging concept
•  Parkinson disease – multifactorial form
•  glucocerebrosidase (GBA)
(homozygous mutations —> Gaucher disease)
Gan-Or et al. Neurology 2008 : moderate (N370S, R496H) and severe mutations (84insGG, 

IVS2+1, V394L, D409H, L444P, RecTL) loss of function mutations.

•  Relative risk heterozygous GBA mutations

genotype patients
%

controls
%

Relative
risk
RR

Attributable
risk
RA (%)

Heterozygous
mutations

17.9 6.3 x 3.2 12%

No mutation 82.1 93.7

   0.03 x 0.179
RRheteroz =  .     0.063        . 

     0.03 x 0.821
         0.937
= 3.2

Confirmed in Neumann et al. Brain 2009

Levy bodies in substantia nigra



CONCLUSIONS :���
Identifications of rare variants in common diseases ���

 —> next generation sequencing���
requires human genome sequence for 1 000 $…

Progress in interpretation, and in diagnostic applications will be 
much more slow, due to the complexity of the risk factors


