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Human genetic diseases 



Hereditary conditions: 
 

- Single gene disorders (albinism); 
- Chromosome abnormalities (Down syndrome); 
- Multifactorial disorders (diabetes mellitus); 
- Acquired somatic genetic disease (cancer) 

Histogram showing the rapid increase in recognition of 
conditions and characteristics (traits) showing single-
gene inheritance (Adapted from McKusick 1998 and 

OMIM) 



The impact of genetic factors in disease at 
different ages  

 
Spontaneous miscarriages. A chromosome abnormality 

is present in 40-50% of all recognized first-trimester 
pregnancy loss. Approximately 1 in 6 of all pregnancies 
results in spontaneous miscarriage, thus around 5-7% of all 
recognized conceptions are chromosomally abnormal.  

Newborn infants. Of all neonates, 2-3% have at least 
one major congenital abnormality, of which at least 50% 
are caused exclusively or partially by genetic factors. The 
incidences of chromosome abnormalities and single-gene 
disorders in neonates are approximately 1 in 200 and 1 in 
100, respectively. 
 

 



Childhood. Genetic disorders account for 50% of all 
childhood blindness, 50% of all childhood deafness and 
50% of all cases of severe learning difficulty. In developed 
countries genetic disorders and congenital malformations 
together also account for 30% of all childhood hospital 
admissions and 40-50% of all childhood deaths. 

Adult life. Approximately 1% of all malignancy is 
caused by single-gene inheritance, and between 5% and 
10% of common cancers (breast, colon and ovary) have a 
strong hereditary component. By the age of 25 years, 5% of 
the population will have a disorder in which genetic factors 
play an important role. 
 



INBORN ERRORS IN METABOLISM 

In excess of 200 inborn errors of metabolism are known which can be 
grouped by either the metabolite, metabolic pathway, function of the 
enzyme or cellular organelle involved. Most inborn errors of metabolism 
are inherited in an autosomal recessive or X-linked manner with only a 
few being inherited in an autosomal  dominant manner. This is because 
the defective protein in most inborn errors is an enzyme which is 
diffusible, and there is usually sufficient residual activity in the 
heterozygous state (i.e. loss-of-function mutation) for the enzymic to 
function normally in most situations. If, however, the reaction catalysed 
by an enzyme is rate limiting (i.e. haploinsufficiency mutation) or the 
gene product is part of a multimeric complex (i.e. dominant-negative 
mutation), the disorder can manifest in the heterozygous state, i.e. be 
dominantly inherited.  





HUMAN IMMUNODEFICIENCY 
SYNDROMES 

Although many inherited 
immunodeficiency diseases have now been 
identified, the first immunodeficiency disease 
was not described until 1952. Most of the 
gene defects that cause these inherited 
immunodeficiencies are recessive and, for this 
reason, many of the known 
immunodeficiencies are caused by mutations 
in genes on the X chromosome. 
Immunodeficiency diseases that affect various 
steps in B- and T-lymphocyte development 
have been described, as have defects in 
surface molecules that are important for T- or 
B-cell function. Defects in phagocytic cells, in 
complement, in cytokines, in cytokine 
receptors, and in molecules that mediate 
effector responses also occur. Thus, 
immunodeficiency can be caused by defects in 
either the adaptive or the innate immune 
system. 



POLYGENIC AND MULTIFACTORIAL 
INHERITANCE 

Many disorders demonstrate familial 
clustering that does not conform to any 
recognized pattern of Mendelian 
inheritance. Examples include several of 
the most common congenital 
malformations and many of the common 
acquired diseases of childhood and adult 
life. These conditions show a definite 
familial tendency but the incidence in 
close relatives of affected individuals is 
usually around 24%, instead of the much 
higher values that would be seen if these 
conditions were caused by mutations in 
single genes. As it is likely that many 
factors, both genetic and environmental, 
are involved in causing these disorders, 
they are generally referred to as showing 
multifactorial inheritance. 

Multifactorial disorders 

Congenital malformations: 
• Cleft lip/palate; 
• Congenital dislocation of the hip; 
• Congenital heart defects; 
• Neural tube defects; 
• Pyloric stenosis; 
• Talipes. 

 
Acquired disease of childhood and adult life: 
• Asthma; 
• Autism; 
• Diabetes mellitus; 
• Epilepsy; 
• Glaucoma; 
• Hypertension; 
• Inflammatory bowel disease (Crohn 

disease and ulcerative colitis); 
• Ischaemic heart disease; 
• Ischaemic stroke; 
• Manic depression; 
• Multiple sclerosis; 
• Parkinson disease; 
• Rheumatoid artritis; 
• Schizophrenia 



The common diseases do not usually show a simple pattern of 
inheritance Instead, the contributing genetic factors are often multiple, 
interacting with one another and environmental factors in a complex 
manner. In fact, it is uncommon for either genetic or environmental 
factors to be entirely responsible for a particular common disorder or 
disease in a single individual In most instances both genetic and 
environmental factors are contributory, although sometimes one can 
appear more important than the other. 

The common diseases and disorders such as diabetes mellitus, 
hypertension, cerebrovascular and coronary artery, disease, 
schizophrenia, the common cancers, and certain congenital 
abnormalities, in which both genetic and environmental factors are 
involved. 

 

Human disease 
represented as being on a 
spectrum ranging from 
those that are largely 
environmental in 
causation to those that 
are entirely genetic. 



The formation of a human being, a process known as 
morphogenesis, involves an extremely complicated and as yet 
incompletely understood interaction of genetic and environmental 
factors. Given the extraordinary complexity of this process it is not 
surprising that on occasion it goes wrong.  

 
Approximately 2400 dysmorphic syndromes are described that are 

believed to be due to molecular pathology in single genes, and for about 
500 the genes have been identified and a further 200 or more mapped. A 
further 500 or so sporadically  occurring syndromes are recognized, for 
which the precise cause remains elusive. 

Congenital abnormalities and dysmorphic 

syndromes 





GENETIC CAUSES OF MALFORMATIONS  
Chromosome Abnormalities account for 

approximately 6% of all recognized congenital 
abnormalities, or possibly more if microarray-
CGH positive cases are included. As a general 
rule, any perceptible degree of autosomal 
imbalance, such as duplication, deletion, trisomy, 
or monosomy, will result in severe structural and 
developmental abnormality, which may lead to 
early miscarriage. 

Single-Gene Defects account for up to 10% 
of all congenital abnormalities. Some of these are 
isolated – i.e., they involve only one organ or 
system. Other single-gene defects result in 
multiple congenital abnormality syndromes 
involving many organs or systems that do not 
have any obvious underlying embryological 
relationship. Different mutations, allelic or non-
allelic, can cause similar or identical 
malformations.  



GENETIC CAUSES OF MALFORMATIONS  
Multifactorial Inheritance accounts for 

the majority of congenital abnormalities in 
which genetic factors can clearly be 
implicated. These include most isolated 
(‘non-syndromal’) malformations 
involving the heart, central nervous 
system, and kidneys (Box 16.2).  

Genetic Heterogeneity is means that 
specific congenital malformations can have 
many different causes, hence the 
importance of trying to distinguish 
between syndromal and isolated cases. 
This causal diversity has become 
increasingly apparent as developments in 
molecular biology have led to the 
identification of highly conserved families 
of genes that play crucial roles in early 
embryogenesis. 



ENVIRONMENTAL AGENTS (TERATOGENS) 

An agent that can cause a birth defect by interfering with normal 
embryonic or fetal development is known as a teratogen. Many teratogens 
have been identified and exhaustive tests are now undertaken before any 
new drug is approved for use by pregnant women. The potential effects of 
any particular teratogen usually depend on the dosage and timing of 
administration during pregnancy, along with the susceptibility of both  the 
mother and fetus. 

 
 



Thank you for attention! 


