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What diseases are 
attributable to genetics? 

❧ Monogenic or 
hereditary 
diseases 

❧ Chromosomal 
diseases 

❧ Multifactorial 
or complex 
diseases 
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Not only diseases… 













Complex diseases 
Ø definition 
Ø How you 

recognize them 
Ø How you 

measure genetic 
susceptibility 

Ø Genetic 
polymorphisms 

Ø How you study 
them 



Complex 
diseases 

❧ Are common 
❧ Often 

unknown 
etiology 
❧ Multifactorial 

•  Genetic 
factors 

•  Environmental 
factors 

 



Most of the features of an individual, like skin color, height, longevity does 
not follow the transmission characteristic of Mendelian genes, but is 
determined by multiple genes, which often interact with the environment. 
 
Multifactorial inheritance diseases is complex and difficult to predict 
because: 
�  you do not inherit the disease but the predisposition to illness; 
�  the disease is determined by a combination of genetic and environmental 

factors; 
�  although the predisposition is often necessary, many susceptible persons 

never get sick. 
 
There are many diseases that are inherited as multifactorial character, 
including diabetes type 1 (diabetes mellitus or juvenile), celiac disease and 
systemic lupus erythematosus. 

Definition 



CHARACTERISTICS OF ‘COMPLEX’ 
TRAITS 

 
•  Highly variable phenotypes 
•  Aggregate but may not segregate in 

families 
•  Appear to be caused by multiple 

factors including environments 
•  Various types:  

•    normal traits like weight 
•    diseases like heart disease 

•  Includes many chronic, gradual or late 
onset diseases 
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Recurrence of multifactorial diseases 







Complex diseases 
Ø definition 
Ø How you 

recognize them 
Ø How you 

measure genetic 
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Frequency of Different Types of 
Genetic Diseases 

Type 
Incidence at 

Birth 
(per 1,000) 

Prevalence at 
Age 25 Years 

(per 1,000) 

Population 
Prevalence 
(per 1,000) 

Diseases due to 
genome/
chromosome 
mutations 

6 1.8 3.8 

Disease due to 
single gene 
mutations 

10 3.6 20 

Disease with 
multifactorial 
inheritance 

~50 ~50 ~600 
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In multifactorial diseases are involved many genes, each with a different 
weight in determining the disease. 
 
The genes involved in complex diseases are not mutated in the classical 
sense, but are polymorphic genes, or gene variants, very common in the 
general population, which may cause only minor quantitative differences 
(for instance in the synthesis of those proteins), but alone are not able to 
determine the disease. 
 
Not completely known the reason of the preservation of these variants in 
the population, probably under certain environmental conditions they confer 
to holders a survival advantage compared to other individuals. 
 
The combination of predisposing genes confers on individuals carrying 
only a risk, higher than that of the general population, when environmental 
conditions are permissive. 



Genetics of complex diseases 

Wild type 

Variation 1: 
mutation 

Variation 2: polymorphism 

healthy 
Monofactorial  
disease  
with some  
defect 

healthy, but the 
protein could 
have different 
functional or 
biophysical 
properties: 
genetic 
susceptibility 



1 individual in about 2000  

develops DMT1 



❧  Diabetes mellitus (DM) is a group of diseases 
characterized by high levels of blood glucose 
resulting from defects in insulin production, insulin 
action, or both.  

❧  The term diabetes mellitus describes a metabolic 
disorder of multiple aetiology characterized by 
chronic hyperglycaemia with disturbances of 
carbohydrate, fat and protein metabolism resulting 
from defects in insulin secretion, insulin action, or 
both. 

❧  The effects of diabetes mellitus include long–term 
damage, dysfunction and failure of various organs. 

What is diabetes?  
 



❧  Diabetes mellitus may present with characteristic 
symptoms such as thirst, polyuria, blurring of vision, 
and weight loss.  

❧  In its most severe forms, ketoacidosis or a non–ketotic 
hyperosmolar state may develop and lead to stupor, 
coma and, in absence of effective treatment, death.  

 
❧  Often symptoms are not severe, or may be absent, and 

consequently hyperglycaemia sufficient to cause 
pathological and functional changes may be present for 
a long time before the diagnosis is made. 

Diabetes  



❧ The long–term effects of diabetes mellitus 
include progressive development of the 
specific complications of retinopathy with 
potential blindness, nephropathy that may 
lead to renal failure, and/or neuropathy with 
risk of foot ulcers, amputation, Charcot joints, 
and features of autonomic dysfunction, 
including sexual dysfunction.  

 
❧  People with diabetes are at increased risk of 

cardiovascular, peripheral vascular and 
cerebrovascular disease. 

Diabetes Long-term Effects 



❧  The development of diabetes is projected to reach 
pandemic proportions over the next10-20 years.  

❧  International Diabetes Federation (IDF) data indicate 
that by the year 2025, the number of people affected 
will reach 333 million –90% of these people will have 
Type 2 diabetes. 

❧  In most Western societies, the overall prevalence has 
reached 4-6%, and is as high as 10-12% among 
60-70-year-old people. 

❧  The annual health costs caused by diabetes and its 
complications account for around 6-12% of all 
health-care expenditure. 

Burden of Diabetes  



❧ Type 1 Diabetes Mellitus  
❧ Type 2 Diabetes Mellitus 
❧ Gestational Diabetes 
❧ Other types: 

v LADA ( 
v MODY (maturity-onset diabetes of 

youth) 
v Secondary Diabetes Mellitus 

Types of Diabetes 
 



❧  Was previously called insulin-dependent diabetes 
mellitus (IDDM) or juvenile-onset diabetes.  

❧  Type 1 diabetes develops when the body’s immune 
system destroys pancreatic beta cells, the only cells in 
the body that make the hormone insulin that regulates 
blood glucose.  

❧  This form of diabetes usually strikes children and 
young adults, although disease onset can occur at any 
age.  

❧  Type 1 diabetes may account for 5% to 10% of all 
diagnosed cases of diabetes.  

❧  Risk factors for type 1 diabetes may include 
autoimmune, genetic, and environmental factors. 

Type 1 diabetes  



}  Was previously called non-insulin-dependent diabetes mellitus 
(NIDDM) or adult-onset diabetes.  

}  Type 2 diabetes may account for about 90% to 95% of all diagnosed 
cases of diabetes.  

}  It usually begins as insulin resistance, a disorder in which the cells do 
not use insulin properly. As the need for insulin rises, the pancreas 
gradually loses its ability to produce insulin.  

}  Type 2 diabetes is associated with older age, obesity, family history of 
diabetes, history of gestational diabetes, impaired glucose metabolism, 
physical inactivity, and race/ethnicity.  

}  African Americans, Hispanic/Latino Americans, American Indians, 
and some Asian Americans and Native Hawaiians or Other Pacific 
Islanders are at particularly high risk for type 2 diabetes.  

}  Type 2 diabetes is increasingly being diagnosed in children and 
adolescents. 

Type 2 diabetes  







Diabetes mellitus type 1 is a form of diabetes that you configure as 
autoimmune disease characterized by the destruction of pancreatic beta 
cells (CD4 + and CD8 + T cells and macrophages infiltration in pancreatic 
islets) that usually leads to the insulin deficiency. 
 
Manifests itself mainly in Scandinavia, in Sardinia and in several northern 
States of the USA, while in countries such as Japan or South of Europe the 
incidence is lower. 
 
Regarding age of onset, in about half of cases younger than 20 years (for 
this in the past it was called "juvenile diabetes") and more frequently 
during puberty. 
 
A worldwide incidence of 3% was calculated. 

Diabetes mellitus type 1 (DMT1) 



❧ The major components of the 
treatment of diabetes are: 

 

Management of DM 

•  Diet and Exercise A 

•  Oral hypoglycaemic 
therapy B 

•  Insulin Therapy C 



} Diet is a basic part of management in every case. 
Treatment cannot be effective unless adequate 
attention is given to ensuring appropriate nutrition. 

 
} Dietary treatment should aim at: 
◦  ensuring weight control 
◦  providing nutritional requirements 
◦  allowing good glycaemic control with blood glucose 

levels as close to normal as possible 
◦  correcting any associated blood lipid abnormalities 

A. Diet 



❧  Physical activity promotes weight reduction 
and improves insulin sensitivity, thus lowering 
blood glucose levels. 

 
❧ Together with dietary treatment, a programme 

of regular physical activity and exercise should 
be considered for each person. Such a 
programme must be tailored to the 
individual’s health status and fitness.  

❧  People should, however, be educated about 
the potential risk of hypoglycaemia and how 
to avoid it. 

Exercise  



}  The majority of patients will require more than one daily injection if good 
glycaemic control is to be achieved. However, a once-daily injection of an 
intermediate acting preparation may be effectively used in some 
patients. 

}  Twice-daily mixtures of short- and intermediate-acting insulin is a 
commonly used regimen. 

}   In some cases, a mixture of short- and intermediate-acting insulin 
may be given in the morning. Further doses of short-acting insulin are 
given before lunch and the evening meal and an evening dose of 
intermediate-acting insulin is given at bedtime. 

}  Other regimens based on the same principles may be used. 
 
}  A regimen of multiple injections of short-acting insulin before the main 

meals, with an appropriate dose of an intermediate-acting insulin given at 
bedtime, may be used, particularly when strict glycaemic control is 
mandatory. 

Insulin regimens 
 



}  Patients should be educated to practice self-care. This 
allows the patient to assume responsibility and control of 
his / her own diabetes management. Self-care should 
include: 

 

◦  Blood glucose monitoring 
◦  Body weight monitoring 
◦  Foot-care 
◦  Personal hygiene 
◦  Healthy lifestyle/diet or physical activity 
◦  Identify targets for control 
◦  Stopping smoking 

Self-Care 
 



The causes are a combination of factors concerning genetics, the 
environment and immunology. A genetic predisposition joins an 
immunological stimulus that, over time, leads to the destruction of 
pancreatic beta cells. When the percentage of beta cell loss achieves 80% 
you develop DMT1. 
 
 

It is suspected that environmental factors initiate this form of disease, 
though there are no certain proofs. Viruses and nitrosurea compounds are 
possibly the responsible factors. A recent hypothesis considers molecular 
mimicry phenomena with antigens of Mycobacterium avium. 
 
Chronic subclinical infections of the Mycobacterium, contracted in 
childhood, would result, in susceptible individuals, to autoimmune-type 
crossinteractions, as revealed by some recent studies. 
 
 

Diabetes mellitus type 1 (DMT1) - causes 



Genetic factors 
 

Diabetes mellitus type 1 (DMT1) - causes 

There seems to be a correlation with particular combinations of 
HLA alleles. 
 
HLA alleles B8 or B15 increases about three times the risk of 
developing diabetes and combinations of alleles DR4-DQ8 and 
DR3-DQ2 occur in 90% of people with diabetes. However, the 
homozygous state does not further increase the risk. 
 
Genetic etiology is still unclear: the index of concordance for 
identical twins with less than 40 years is less than 50%. Also 
there is no prevalence in vertical transmission. 



1 individual in about 100  

develops celiac disease 



1 celiac sibling out of 20  (5%)   
develops the same disease 



Celiac disease is an enteropathy 
dependent on gluten ingestion 

Intestinal villous atrophy resulting in 
malabsorption 

κοιλιακοσ, “those who suffer in the intestine”, Celsus I century A.C  
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CD is characterised by a flattened mucosa, villous atrophy and crypt hyperplasia of the small intestine. 
In this slide are shown the endoscopic, electronic microscopy and histologic aspects of intestinal mucosa 
in a patient affected by coeliac disease and in a normal subject. 
 



Clinical characteristics 
❧  Classical form 

•  atypical form 

•    
  

 

diagnosed in young children is presented 
with intestinal symptoms such as chronic 
diarrhea, vomiting, poor appetite, 
bloating and steatorrhea. This causes 
malabsorption with consequent 
malnutrition, slowing growth and 
presence of anemia. 

extraintestinal symptoms occur, also 
common to other diseases such as 
Dermatitis Herpetiformis, arthritis, 
arthralgia, osteoporosis, autoimmune 
hepatitis and many more. 
 
 
 
 

•  asymptomatic form 
Identified only by screening programs 
•    

  
 



=	+	+	 Other	non-
HLA	genes	

wheat,		
barley,	rye	

Other	env	factors	 40%	of	heritability	 60%	of	heritability	

Celiac	
Disease	

HLA	DQ2/DQ8	

Gluten	is	not	the	sole	cause	of	
celiac	disease	

>	

HLA-DQ2/
8	

necessary
,	but	not	

sufficient	(OR	~	5)		

	

CD is a multifactorial disorder. HLA plays a major role in CD. 95% of CD cases carry at least one of the risk
molecules DQ2 and/or DQ8. But also 30-40% of the general population carry those risk alleles. Thus HLA is
necessary but not sufficient. It is responsible for 40% of the genetic risk while the rest are shard among non-HLA genes.
 



The Cause of Coeliac Disease 
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Systemic Lupus  
Erythematosus (SLE) 

❧ Chronic multisystem inflammatory disease 
❧  Associated with abnormalities of immune 

system 
❧ Results from interactions among genetic, 

hormonal, environmental, and immunologic 
factors  



Systemic Lupus Erythematosus (SLE) - causes 

Lupus is a complex disease whose causes are known only in part. The cause 
is not unique, but as with all complex diseases there is a combination of 
genetic factors, environmental (and in this case also hormonal) factors, 
which come into play together in determining the disease. 
 
The fact that Lupus can be found in several members of the same family 
indicates that its development has a genetic basis. 
 
In addition, studies done on twins have shown how Lupus strikes mostly 
likely both identical twins than not identical twins. 
 
However, as expected genes alone are not able to cause Lupus. Other factors 
must come into play, including the sun, stress, certain medications and 
infectious agents such as viruses. 



Systemic Lupus Erythematosus 

❧ Affects the 
●  Skin 
●  Joints 
●  Serous membranes  
●  Renal system 
●  Hematologic system 
●  Neurologic system 



Systemic Lupus Erythematosus 

❧ A variable disease 
●  Chronic 
●  Unpredictable 
●  Characterized by exacerbations & remissions 



Incidence 

❧ SLE affects 2 to 8 persons per 100,000 in 
United States 

❧ Most cases occur in women of childbearing 
years 

❧ African, Asian, Hispanic, and Native 
Americans three times more likely to 
develop than whites 



Etiology 

❧ Etiology is unknown 
❧ Most probable causes 

●  Genetic influence 
●  Hormones 
●  Environmental factors 
●  Certain medications 



Pathophysiology 

❧ Autoimmune reactions directed against 
constituents of cell nucleus, DNA 

❧ Antibody response related to B and  
T cell hyperactivity 



Systemic Lupus Erythematosus (SLE) - symptoms 

The experience of each person with Lupus is different, although there are 
some characteristic signs that enable an accurate diagnosis. The symptoms 
can range from mild to severe. 
 
The most common symptoms include pain or swelling in the joints, skin 
rash, fever without explanation, extreme fatigue. 
 
The characteristic skin rash is localized at the level of the nose and cheeks 
and defined Butterfly Erythema. Other types of rash may affect the face, 
ears, arms, shoulders, chest and hands. 
 
Other symptoms of Lupus include chest pain, hair loss, high sensitivity to 
sunlight, anemia, fingers and toes ranging from pale to purple-red color as a 
result of the stress and exposure to cold. 



Clinical Manifestations 

❧ Ranges from a relatively mild disorder to 
rapidly progressing, affecting many body 
systems 

❧ Most commonly affects the skin/muscles, 
lining of lungs, heart, nervous tissue, and 
kidneys 



Fig 65-9 

Clinical Manifestations 



Clinical Manifestations 

❧ Dermatologic  
●  Cutaneous vascular lesions 
●  Butterfly rash 
●  Oral/nasopharyngeal ulcers 
●  Alopecia 



Dermatologic Manifestations 

Fig 65-10 



Clinical Manifestations 

❧ Musculoskeletal 
●  Polyarthralgia with morning stiffness 
●  Arthritis   

•  Swan neck fingers 
•  Ulnar deviation 
•  Subluxation with hyperlaxity of joints 



Swan Neck Deformity 

Fig. 65-4 D 



Clinical Manifestations 

❧ Cardiopulmonary 
●  Tachypnea 
●  Pleurisy 
●  Dysrhythmias 
●  Accelerated CAD 
●  Pericarditis 



Clinical Manifestations 

❧ Renal 
●  Lupus nephritis 

•  Ranging from mild proteinuria to 
glomerulonephritis 

•  Primary goal in treatment is slowing the progression 



Clinical Manifestations 

❧ Nervous system 
●  Generalized/focal seizures 
●  Peripheral neuropathy 
●  Cognitive dysfunction 

•  Disorientation 
•  Memory deficits 
•  Psychiatric symptoms 



Clinical Manifestations 

❧ Hematologic 
●  Formation of antibodies against blood cells 
●  Anemia 
●  Leukopenia 



Clinical Manifestations 

❧ Hematologic (cont’d) 
●  Thrombocytopenia 
●  Coagulopathy 
●  Anti-phospholipid antibody syndrome 



Clinical Manifestations 

❧ Infection 
●  Increased susceptibility to infections 
●  Fever should be considered serious 
●  Infections such as pneumonia are a common 

cause of death 



Systemic Lupus Erythematosus (SLE) - diagnosis 

The diagnosis of Lupus can be difficult. There is no single test that allows the 
diagnosis of Lupus, which requires numerous laboratory tests. 
 
The most useful test for the purpose of diagnosis is the determination of some 
auto-antibodies present in the blood. For example, the antinuclear antibody test 
is used for the detection of antibodies that react against the members of the 
patient's own cells. Most people with Lupus has positive antinuclear antibodies, 
although the positivity of these antibodies may be due to other causes such as 
infections, immunological disorders and occasionally can be seen even in 
healthy people. 
 
In addition there are tests for certain types of antibodies that are more specific 
for Lupus, including the anti-DNA. 
Your doctor may recommend a biopsy of the skin or of the kidney if these 
organs are affected by the disease. 



Diagnostic Studies 

❧ No specific test 
❧ SLE is diagnosed primarily on criteria 

relating to patient history, physical 
examination, and laboratory findings 



Diagnostic Studies 



Diagnostic Studies 

❧ Antinuclear antibodies 
●  ANA and other antibodies indicate autoimmune 

disease 
●  Anti-DNA and anti-Smith antibody tests most 

specific for SLE 
●  LE prep can be positive with other rheumatoid 

diseases 
●  ESR & CRP are indicative of inflammatory 

activity 



Diagnostic Tests 

❧ CBC for hematologic problems 
❧ UA for lupus nephritis 
❧ X-rays of affected joints 
❧ Chest x-ray for pulmonary problems 
❧ ECG for cardiac problems 



Systemic Lupus Erythematosus (SLE) - treatment 

Currently the effectiveness of therapy for Lupus has risen dramatically and the 
accomplishments are far superior to therapeutic failures. 
 
Several drugs are used to treat Lupus, which are administered according to the 
symptoms alleged by the patient. If the person has chest pain, joint pain or 
fever, are commonly used nonsteroidal anti inflammatory drugs (NSAIDs). 
 
A new class of anti-inflammatory called COX-2 inhibitors (celecoxib, 
rofecoxib) has the same effect on pain and inflammation, but a lower risk of 
gastrointestinal side effects. 
 
Antimalarial drugs are another group of medicines commonly used to treat 
Lupus. Is not completely clear what role they play in Lupus, but it is thought 
that they may have a regulatory effect in the immune response. 



DISEASE EXAMPLES 
Alzheimer’s Disease  
Autism 
Arthritis 
Asthma 
Cancer 
Diabetes: adult onset (type 2)  
Diabetes: juvenile (type 1)  
Hearing disorders  
Heart disease, lipid disorders 
Hypertension (blood pressure) 
Obesity related disorders 
Schizophrenia 
Retinal degeneration (vision) 









Complex diseases 
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Susceptibility to complex traits or 
diseases 

Disease A 

Environmental and genetic backgrounds 

Disease B %
 



- 

+ 



- 
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Theoretical model to explain the genetic control of 
multifactorial diseases. 
 
In the general population, a number of individuals exceeds 
the threshold of susceptibility to a certain disease and as a  
result will be affected. First degree relatives of probands 
will present an averaged increased  number of predisposing 
factors resulting in threshold exceedance by a higher 
proportion of individuals. 



Patient’s related 



•  Familial aggregation can be measured by comparing the 
frequency of the disease in the relatives of an affected 
proband with its frequency (prevalence) in the general 
population. 

 
•  Relative risk ratio (λr) is defined as: 

         prevalence of disease in a 
   relative “r” of an affected person 

     λr =  
 population prevalence of the disease 

 
•  λr = 1 indicates that a relative of an affected is no more 

likely to develop a disease than any individual in the 
population. 

The role of genetic factors 



 λr = 5 



labbro leporino 
dislocazione dell’anca congenita 
stenosi del piloro 
piede equino 



Popolazione sana 
HLA 
5/100 

HLA 
90/100 

Popolazione malata 



Popolazione sana 5/100 

90/100 Popolazione malata 

HLA risk ratio (λHLA) is calculated by dividing the 
frequency of the HLA allele in the patient population by 
the frequency in the general population 

λHLA= 
(Ag+/Ag-) control 

(Ag+/Ag-) disease 

(5/95) 

(90/10) 
= 171 



Popolazione sana 
5/100 

15/100 

Popolazione malata 



Popolazione sana 5/100 

15/100 Popolazione malata 

λHLA = 
(Ag+/Ag-) control 

(Ag+/Ag-) disease 

(5/95) 

(15/85) 
= 3,35 



Per la celiachia, λHLA = 4 
 
Il rischio è quindi determinato in maniera preponderante da 
fattori genetici non-HLA 



Risk Ratios for Relatives of Probands with 
Diseases Showing Familial Aggregation 

Disease Relationship λr 
Schizophrenia MZ twins 

Siblings 
48 
12 

Autism MZ twins 
Siblings 

2000 
150 

Manic-depressive 
(bipolar) disorder 

MZ twins 
Siblings 

60 
7 

Type I diabetes 
mellitus 

MZ twins 
Siblings 

80 
12 

Crohn’s disease MZ twins 
Siblings 

840 
25 

Multiple sclerosis MZ twins 
Siblings 

800 
24 



•  Heritability (h2) - developed to quantify the role of 
genetic differences in determining variability of 
quantitative traits 

•  Defined as the fraction of the total phenotypic 
variance of a quantitative trait that is caused by 
genes and is, therefore, a measure of the extent of 
to which different alleles at various loci are 
responsible for the variability in a given trait across 
a population. 

•  The higher the heritability, the greater is the 
contribution of genetic differences among people in 
causing variability of the trait. 

Heritability 



Ereditabilità 

misura dei fattori genetici: l'ereditabilità (h 2 ): 

Conc. monozigotici - Conc. dizigotici 
        1 -  concordanza dizigotici 

) 

5 

5 





A) MONOZIGOTICI

DIZIGOTICI

B) MONOZIGOTICI

DIZIGOTICI

C) MONOZIGOTICI

DIZIGOTICI

Nessuna differenza 
nessuna ereditabilità 

Poca differenza 
poca ereditabilità 

Maggiore differenza 
maggiore ereditabilità 



labbro leporino 

dislocazione dell’anca congenita 

stenosi del piloro 
piede equino 



Concordance rates for CD 
among twins 

 concordant discordant 

Monozygotic  70% 30% 

Dizygotic 10% 90% 
 

 



Ereditabilità della celiachia 

•  misura dei fattori genetici: l'ereditabilità (h 2 ): 

Conc. monozigotici - Conc. dizigotici 
        1 -  concordanza dizigotici 

       (.70 - .10) /(1 - .10) = 60%              



Complex diseases 
Ø definition 
Ø How you 

recognize them 
Ø How you 

measure genetic 
susceptibility 

Ø Genetic 
polymorphisms 

Ø How you study 
them 



COMPLEX TRAITS 
INVOLVE MANY 
GENES, & EACH 
MAY HAVE MANY 
VARIATIONS 



is any stretch of DNA that have the following characteristics: 
 
-is polymorphic, the marker must have at least two alternate alleles of which the 
rarest allele must be represented at least 1% in the general population 
 
-it is easy to identify and stable from generation to generation 
 
-segregates in Mendelian way 

Polymorphism or genetic marker 



GENETIC MARKERS 

SNP = Single Nucleotide Polymorphism 



7 milions estimated with MAF > 5% 
            10 milions with MAF > 1% 

GENETIC MARKERS 



CNV 

Copy Number Variation 
Anomalie quantitative dell’intero genoma umano 
Scoperte grazie all’approccio CGH array 



HIV exposure 

infection 

Infection 
resistence 

AIDS rapid 
progressors 

Long term non 
progressors 



What are the factors implicated 
in the susceptibility of HIV 

infection and AIDS progression? 
• What are the 

genes 
possibly 
involved? 

 



 
 natural 
immunity 

 
HIV entry 

 
specific 
immunity 







CCR5 molecule 

Wild type protein and D32 variant 
 



Distribution of the CCR5Δ32 
mutation in human populations 

from	PLoS	
Biology,	Nov	
2005	



Galvani,  AP and Slatkin,  M.  2003.  Evaluating plague and smallpox as  historical  selective  pressures  for  the 
CCR5-D32 HIV resistance allele. PNAS 25:15276-15279.

Macrophage tropic HIV, the predominant form early in infection uses CCR5 as a coreceptor. Individuals 
homozygous for a mutation that removes CCR5 are resistant to HIV while people who are heterozygous are 
partially protected and AIDS takes longer to develop. Loss of CCR5 does not appear to have deleterious effects 
and other chemokine receptors probably compensate for its loss. Frequency of allele in Northern populations is 
10% suggesting strong selective pressure. The allele is almost non-existent in Asian, African, middle eastern or 
N. American Indian populations. High frequency in northern people suggests events about 700 years ago that 
selected for mutation. Since HIV is a relatively recent disease there must have been some other disease. There are 
two main candidates - the plague (peste) and smallpox (vaiolo)(1336-1352, intermittent outbreaks, 1665-1666). 
Galvani and Slatkin use modeling to show that plague could not have accounted for high frequency of allele and 
that  smallpox  was  the  more  likely  cause.  Based  on  three  points  -  population  genetics  model,  geographical 
distribution of allele and clinical effects of mutation.

While the plague caused extensive deaths the disease was only present in Europe intermittently and during 
a relatively small window of 400 years. The selective pressure of plague would also be removed after it died out 
in 1700s. Smallpox, on the other hand, was continuously present for over 2,000 years and was only recently 
eradicated in 1978, coincident with the appearance of HIV. Plague affected people of all ages while smallpox was 
largely a disease of the very young who would not have immunity against a disease that was continually present. 
The model predicts that the plague could only have accounted for a frequency of at most 1% while smallpox 
could account  for  the 10% frequency of  CCR5-D32.  Plague affected all  of  Europe and Asia  while  there  is 
evidence that the northern European  countries were more severely affected by smallpox. This might account for 
the 14%  - 0% gradient seen from north to south in Europe. Poxviruses also use CCR5 as a receptor (Lalani et al. 
1999, Science 286:1968-1971).
Pfizer drug that blocks CCR5 - UK-427,857 - Shows promise in clinical trials http://www.aidsmeds.com/news/
20040713drgd004.html.
 



Resistence to HIV infection 



Don’t trust your genes, hoping to have 
inherited a composition conducing to HIV 
resistance... 







Complex diseases 
Ø definition 
Ø How you 

recognize them 
Ø How you 

measure genetic 
susceptibility 

Ø Genetic 
polymorphisms 

Ø How you study 
them 
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Frequency 

  Linkage analysis 

Association studies 

Unlikely to exist 

Very difficult 

Statistical genetic methods for 
disease gene identification 



LINKAGE analysis follows the co-transmission 
from generation to generation  

ASSOCIATION study follows the co-transmission 
from a common ancestor after many generations 

CO-TRANSMISSION 



LINKAGE ANALYSIS 

It is based on the study of polymorphic genetic markers segregation within 
families in which the character under study is present. 
 
 
PARAMETRIC ANALYSIS: phenotypically homogeneous families must be 
analyzed, it is needed to know the type of inheritance (very complex when 
considering multifactorial characters) 
 
NON-PARAMETRIC ANALYSIS: Although based on the study of families do 
not consider non-affected and the analysis is focused on looking for common 
alleles among affected individuals 



NON-PARAMETRIC ANALYSIS 

One of the most commonly used methods is the analysis of shared alleles in siblings 
(ASP, Affected Sib Pairs) 
 
This methodology is based on the assumption that two individuals with the same 
family should have in common susceptibility alleles that predispose to disease 
 
Assuming that an average of 50% of the brothers should inherit equal paternal or maternal 
alleles, if between pairs of siblings sharing rate of a marker is significantly greater than 
expected by chance, you will tend to conclude that there is a relationship between the 
complex character and a gene located in the chromosomal region disorder where the 
marker is mapped 
 
The need to study a very large number of pairs of brothers to reach a good statistical 
significance is a limit to the application of this analysis 



father mother 

affected 1 affected 2 

Family 1 Family 2 

father mother 

affected 1 affected 2 

Family 3 

father mother 

affected 1 affected 2 

Linkage analysis 



CASE-CONTROL ASSOCIATION STUDIES 
It is the most used method to identify the genes involved in 
multifactorial characters. 
 
It consists in the comparison of the frequency of a particular 
polymorphism, SNP and more recently CNV in two groups of 
subjects divided depending on presence (cases) or absence 
(controls) of the character. 
 
One of the main advantages is the ability to analyze sporadic 
cases, more easily recruited compared to households required 
for linkage analysis. 
 
These studies were originally used to consider the hypothesis of 
a candidate gene involved in susceptibility to the character/
disease. 



Association studies 

Patients Controls 



In any case remember that: 
❧ These are complex diseases, due to the interaction of 

environmental factors and genetic factors 
❧ We are considering only the genetic component 
 
•  In addition often 

limited to one 
single gene 

•  Much better would 
be to evaluate 
susceptibility 
contribution of all 
involved genes to 
the disease 



The future…. 



2007 



THE GENOME IS STRUCTURED IN “BLOCKS” 

 OF LINKAGE DISEQUILIBRIUM FLANKED BY 

RECOMBINATION HOTSPOTS 

Hap-Map project  
http://www.hapmap.org/ 



Predisposing allele 

‘Normal’ allele 

1) Marker allele is directly involved 
    in the disease  



Predisposing allele 

‘normal’ allele 

2) Marker allele is very close to the predisposing allele 
thanks to the linkage disequilibrium 



DNA SEQUENCE VARIATIONS IN HUMAN GENOME… 

…AND THEIR HAPLOTYPE COMBINATION IN 
THE POPULATION 

HAPLOTIPE:    combination of allelic variants to close loci along a chromosome or 
in a chromosomal segment 

Chromosomes 



DNA SEQUENCE VARIATIONS IN HUMAN GENOME 



BLOCKS 



   
 

  



It is possible to study a limited number of 
SNPs in a genomic region 
 
∼20.000 nt  /  block   à   150.000  blocks tot.   à   2-3 
SNPs / block 
Total  =  ∼ 500.000  SNPs    (and not 7-10 millions ) 
 

 
Possibility of genomic screening with SNPs 

 
  

   
 

  



  
  
  

  

With this approach, rare variations and variations non-
correlated with reference markers (linkage disequilibrium) 
are not analysed 
 
(GWAS based of the hypothesis:  “common disease, common variant”) 

Selection of markers for association studies on whole 
genomes 



  
  
 
•  Oligonucleotides (20-25 bases) are synthesized  

directly on a ultrafine solid slide 

•  Microchip containing over 500.000 different 
oligonucleotides in an array of 1,28x1,28 cm 

 
      

 OLIGONUCLEOTIDE MICROARRAY 



OLIGONUCLEOTIDE MICROARRAYS 





Type 2 Diabetes 





500.000 SNPs analysed in Crohn disease 

Results are replicated in different studies 



FINE MAPPING 



REUMATOID ARTHRITIS 







A similar area of research is understanding how people differ 
in their susceptibility to certain diseases. 
 
Researchers are developing genetic tests that can predict a 
person’s risk of developing some common diseases such as 
heart disease or asthma for example. 
 
In the future, a doctor might prescribe a drug developed to 
prevent the onset of a disease and recommend lifestyle 
changes the at-risk individual should make. 
 



People vary in their response to a prescribed medication, both 
with respect to how well it works and to adverse side effects. 

RESPONSE TO DRUGS 







Per$onal 
Genomic$ 

Con$umer 
Genomic$ 



Age-related macular degeneration, Alcohol Flush 
Reaction, Alzheimer's disease, Asthma, Atrial 
fibrillation, Bitter Taste Perception, Breast Cancer, 
Coeliac Disease, Colorectal Cancer, Crohn's 
disease, Exfoliation Glaucoma, Heart Attack, 
Hemochromatosis, Lactose Intolerance, Lung cancer, 
Male Pattern Baldness, Multiple sclerosis, Nicotine 
Dependence, Obesity, Peripheral Arterial Disease, 
Prostate cancer, Psoriasis, Restless legs, 
Rheumatoid arthritis, Type 1 Diabetes, Type 2 
Diabetes 



Age-related macular degeneration, Alcohol Flush 
Reaction, Alzheimer's disease, Asthma, Atrial 
fibrillation, Bitter Taste Perception, Breast Cancer, 
Coeliac Disease, Colorectal Cancer, Crohn's 
disease, Exfoliation Glaucoma, Heart Attack, 
Hemochromatosis, Lactose Intolerance, Lung 
cancer, Male Pattern Baldness, Multiple sclerosis, 
Nicotine Dependence, Obesity, Peripheral Arterial 
Disease, Prostate cancer, Psoriasis, Restless legs, 
Rheumatoid arthritis, Type 1 Diabetes, Type 2 
Diabetes 







Do we really 
want to know 
the sequence 

of our 
genome….? 

Personal 
Genome 



How to ruin your life for 
$1000 

 

“Last year two online services, 
deCODEme and 23andMe, started 
offering DNA analysis and calculating 
your risk of developing 20 diseases, 
including Alzheimer’s”  

 “If you find out you’ve an increased risk of diabetes and heart 
diseases, the advice you’d be given is exactly the same as if 
you didn’t have an increased risk: eat well, exercise, don’t 
smoke, don’t get too fat, have a test if you get symptoms” 

 Dr Ann Robinson 




