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Chapter 5 
Genetics of Common Diseases 
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Multifactorial Inheritance 
  Most common diseases are caused by multiple factors 
  Expression has polygenic component and environmental component 
  Tend to follow “bell-shaped” curve 
  Examples: diastolic blood pressures, height, weight, IQ 
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Recurrence Risks for Multifactorial Inheritance 
  Recurrence risks are estimated empirically 
  Increase as the number of affected relatives increases 
  Increase as the severity of the disease expression increases 
  Increase if the proband is a member of the lower-risk gender 
  Decrease very rapidly for more remotely related relatives 
  Increase as the prevalence of the disease increases in a population 
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Nature versus Nurture 
Twin and Adoption Studies 
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· Twin Studies 
· Monozygotic twins 
– Genetically identical 
· Dizygotic (fraternal) twins 
– Share half their genes 
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Concordance Rates in MZ and DZ Twins

Disease or Trait
MZ Twin
DZ Twin
Affective disorder (bipolar)

0.79

0.24

Affective disorder (unipolar)

0.54

0.19

Club foot

0.32

0.03

Diabetes mellitus type 1

0.35-0.50

0.05-0.10

Diabetes mellitus type 2

0.70-0.90

0.25-0.40

Epilepsy (idiopathic)

0.69

0.14

Height

0.94

0.44

IQ

0.76

0.51

Measles

0.95

0.87

Multiple sclerosis

0.28

0.03

Myocardial infarction (male)

0.39

0.26

Myocardial infarction (female)

0.44

0.14

Schizophrenia

0.47

0.12

Spina bifida

0.72

0.33
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Adoption Studies 
Compare the traits of adopted individuals with those of adoptive and biological parents 
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Common Multifactorial 
Diseases 
  Coronary Heart Disease 
  Cancer 
  Diabetes 
  Alzheimer Disease 
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Coronary Heart Disease 
LDL Receptor-Associated Familial Hypercholesterolemia 
  Autosomal dominant, affects 1 in 500 individuals 
  Mutations in LDL receptor cause increased circulating LDL levels 
  Accelerated atherosclerosis and risk of myocardial infarction 
  Xanthomas in skin, eyelids and tendons 
  Homozygotes (1 in 1,000,000) usually die before age 30 
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Inherited Cancer Syndromes 
  Usually result from germline mutations in tumor suppressor genes or proto-oncogenes 
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Key Features of Oncogenes and Tumor Suppressor Genes

Oncogenes
Tumor Suppressor Genes
Normal version (proto-oncogene) is usually involved in promoting cell growth/proliferation

Normal version of gene is typically involved in controlling cell proliferation (slowing cell growth)

Mutation is typically a gain of function

Mutation is typically a loss of function

A mutation of one copy (one hit) of the gene in a cell is sufficient to promote tumor growth

Mutations of both copies (two hits) of the gene are typically necessary to promote tumor growth
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Retinoblastoma 
  Cancer of developing retina 
  Autosomal dominant, penetrance for heterozygotes is 90% 
  Mutation of RB (tumour suppressor gene) 
  First “hit” inherited, second mutation must occur in retinoblast to cause tumor formation 
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Other Tumor Suppressor Genes 
· BRCA 1 and BRCA 2 
Breast Cancer 
· p53 
Li-Fraumeni Syndrome 
· P16 
Melanoma 
· APC 
Colon Cancer 
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Inherited Cancer Syndrome Resulting from Mutations in a Proto-Oncogene 
  CDK4 proto-oncogene: familial melanoma 
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Alzheimer Disease 
  BAPP 
  Presenilin 
  Apolipoprotein 
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Genetics of Common Diseases 
Summary of Principles 
  Common diseases generally have both genetic and environmental components 
  Subsets of cases exist in which genetic factors play an important role. These subsets develop disease early and have more severe expression 
  Genes involved in the strongly inherited subsets of diseases are also involved in the non-inherited cases 




