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single-gene and complex diseases, 
particularly where there are gene dosage 
effects. Interest in this phenomenon is 
growing as technological advances have 
facilitated study (Box 2), and because of its 
potential significance in relation to 
predisposition or resistance to disease 
(Freeman et al, 2006).

Epigenomics 
Although the genome and the DNA code 
contained within it are sometimes referred to 
as the “blueprint for life”, the genome itself is 
subject to biochemical processes that 
influence gene activity. Epigenomics is the 
study of the chemical “tags” that mark the 
genome at specific places to regulate which 
genes are active in a cell at any given point in 
time. This allows differentiation between cell 
types – thus skin cells behave like skin cells, 
and liver cells act like liver cells.

There are two main ways in which the 
epigenome “marks” the genome:
l Chemical tags on the histone proteins (Fig 
1) affect how tightly or loosely the DNA 
molecule is wrapped up in the chromosome. 
Tight wrapping can conceal a gene from the 
cell’s activation mechanisms;
l The attachment of a methyl (CH3) group 

50% chance that people with such a 
mutation will pass it on to their children. 
Where the effect is seen only if both genes 
have a mutation, the pattern is referred to as 
recessive. In this case, both parents would 
have to have the mutation to pass on two 
copies (one from each parent) to the child, 
and there is a 25% chance that this would 
happen for each conception. 

Single-gene and common  
complex diseases
Although single-gene conditions are 
relatively rare, it is worth remembering that 
collectively, they are numerous. Together 
with chromosomal disorders, they affect 
around one in 25 of the population (Genetic 
Interest Group, 2009). The Human Genome 
Project and other initiatives have also helped 
to identify sub-sets of common diseases 
caused by single-gene alterations and 
displaying the typical Mendelian inheritance 
patterns. Breast and bowel cancer, and 
cardiovascular disease (such as familial 
hypercholesterolaemia), are examples  
of these. 

There is no doubt that the scientific basis 
of the single-gene conditions (and the 
conditions associated with alterations to the 
structure or numbers of chromosomes) is 
complex. However, this knowledge is crucial 
to understanding the genetic mechanisms 
that underpin common, genetically complex 
diseases. These develop under the influence 
of multiple genes, and as a result of the 
interactions between these genes and 
between genes and the environment, both 
the internal environment of the cell and the 
external environment (Fig 2). 

With the genetically complex common 
diseases, each gene alteration known to be 
associated with a particular disease confers 
some degree of susceptibility to developing 
that disease and so contributes to the relative 
risk of developing it. By itself, one gene 
alteration may contribute little to the overall 
risk. In contrast, with a single-gene 
condition such as Huntington’s disease, a 
person with the mutated gene has a 100% 
chance of developing the condition over the 
course of their lifetime. Table 1 outlines 
some of the differences between single-gene 
conditions and common complex diseases.

Copy number variation 
A common form of human genome 
diversity is copy number variation, involving 
gain or loss of large segments of DNA 
(thousands or even millions of nucleotides). 
This is thought to play a role in both 

to the backbone of the DNA molecule at a 
specific place is called methylation, and this 
has a direct effect on gene activity.

The epigenome in turn is influenced by 
environmental agents such as specific 
nutrients or chemical pollutants such as 
tobacco smoke. It is most susceptible to 
change during embryogenesis. Interest in 
epigenomics has grown as researchers have 
become aware that changes to the 
epigenome can cause or contribute to 
diseases such as cancer, and could provide 
explanations for diseases with known 
“parent-of-origin” effects such as autism and 
schizophrenia. Furthermore, epigenomic 
changes themselves can be passed on to the 
next generation, but they can also be 
reversed (Jirtle and Skinner, 2007).

A changing paradigm  
for disease 
That genes play a fundamental role in the 
development of disease (single-gene and 
complex) is understood. However, 
variations in the non-coding regions of the 
genome may be a significant causative factor 
in disease, by altering regulation of the gene 
product. The epigenome also plays its part. 
What is emerging is that single-gene 

table 1. Comparison of single-gene and genetically complex conditions
Characteristic Single-gene Complex

Prevalence Relatively rare (generally <1 in 1,000) but 
collectively numerous 

Common (up to one person in three)

Underlying cause Caused by DNA mutation in a single gene. 
Disease severity and age at onset varies 
according to the individual mutation and 
may be affected by the presence of other 
modifier genes.

Disease susceptibility influenced by DNA 
sequence variation in multiple genes 
interacting with environmental factors. 
Individual DNA sequence variations each 
contribute a small proportion of the 
overall risk of disease.

Role of 
environment

Often overridden by effect(s) of gene 
mutation

More important

Familial 
inheritance

Simple dominant, recessive or sex-linked No simple mode of inheritance

Risk for relatives More predictable and often high (typically 
around 25-50%)

Less predictable, often smaller risk 

Gene 
identification 
before 2005

Over 2,000 disease genes identified Fewer than 20 disease genes identified

Gene 
identification 
after 2005

Similar rate of discovery. Most disease 
genes not identified are exceptionally 
rare.

500 new disease genes located and many 
identified

Treatment Limited More likely to be effective

Examples Cystic fibrosis, haemophilia, sickle cell 
disease, familial hypercholesterolaemia, 
Huntington’s disease

Autism, asthma, cancer, coronary heart 
disease, diabetes, bipolar disorder, 
rheumatoid arthritis

Source: adapted from House of Lords Science and Technology Committee (2009)
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