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Abstract: The last two decades have been into a great technical development in the analysis of DNA and the completion of the 
Human Genome Project in 2003. These Developments eventually led to the discovery of the faulty genes which cause many 
inherited genetic diseases. This knowledge had given rise to better understanding of the molecular basis of many inherited 
genetic diseases and why they have the inheritance pattern. Some of the diseases are caused by a single faulty gene, but do not 
follow a Mendelian pattern of inheritance. From the results of the Researches into one of these disease called Fragile X 
syndrome, revealed that a DNA fault can enlarge over three generations (a dynamic mutation) until a nearby gene is silenced 
(switched off). Another disease, Angelman syndrome, confirmed that some human genes are normally subject to genomic 
imprinting, a phenomenon in which a gene is silenced depending on whether it was inherited from father or from mother. The 
molecular silencing process (DNA methylation) involved in genomic imprinting is a classic example of epigenetic regulation, in 
which there is an enduring change in gene activity but without any change in DNA sequence. Epigenetic regulation underpins 
normal development from the fertilized egg to an embryo with its many different cell types and organs, and may also be involved 
in response to early life experiences. Understanding the role of numerous genetic variations and epigenetic regulation in general 
and many genetic disorders such as diabetes, heart disease and cancer  is the focus of much current research, and is proving to 
be a huge challenge. Adult health depends on a complex interaction between inheritance, nutrition and the physical and social 
environment throughout prenatal development and childhood are discussed as a review in this article. 

I. INTRODUCTION 
It is the differences that matter. Humans share about 75% of your genes with your dog but it is the remaining ‘doggy’ genes those 
which make dogs have puppies not babies or kittens – that we see as important, drastically shares 98% of genome with Amoeba 
proteus and 72% with marine sponges. Certainly it is the differences between people that interest us when it comes to health and 
disease. Why do some live a long and healthy life, whilst others develop life-threatening, chronic diseases in mid-life or indeed are 
born with a disorder?  A popular response nowadays is to assume most of the difference rests ‘in our DNA’ in the 0.1% that we 
don’t have in common with everyone else. Human development from conception to adulthood is an inseparable partnership, 
moulded within our cells, of Nature (the DNA we inherit) and Nurture (the prevailing nutritional, social and physical environment). 
Our DNA specifies the structure of proteins the primary chemical building blocks of life but it is the cell’s circumstances that 
ultimately determine when, where and how much of these proteins are produced. The study of these enduring changes, where life 
meets the genome, is epigenetics. Epigenetic discoveries will impact upon our understanding of child development, mental health, 
and how public health and well-being can be maintained in a changing world. Genetics and epigenetics go hand-in-hand, so this 
discussion article covers both. Sequencing the first human genome in 2003 was a landmark scientific discovery, promising a 
revolution in medicine and treatment of disease. Keep these facts in mind, and it is no surprise that thousands of fellow scientists 
and physicians have devoted their careers to understanding human genetics. My first encounter with genetic inheritance was through 
my family’s inherited baldness which has a simple pattern of inheritance. This work helps to understand Fragile X syndrome and 
Angelman syndrome led me to study epigenetic mechanisms. These may have role in common multifactorial diseases which are the 
focus of much current research. 

II. PROPERTIES AND FUNCTIONS OF GENES 
At the heart of every cell in your body is a central control centre, the nucleus. Curled up within the nucleus are 46 chromosomes, 
each a long molecule of a chemical called DNA. Most of us know that DNA has a double helix structure like a twisted ladder. Each 
rung of the DNA ‘ladder’ consists of a pair of two from four chemicals (called nucleotide bases). The chemical cytosine (C) always 
pairs with guanine (G), and thymine (T) always pairs with adenine (A) .This pairing rule means that the sequence of letters on one 
strand of DNA can be used to predict the sequence on the other, a fact that allows DNA to be replicated when necessary. Scientists 
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commonly write DNA sequences as a single string of letters from one DNA strand, for example AGGGGTTCCCC. A gene is a 
length of DNA that has several specific features incorporated into its DNA sequence. These are shown in Figure 1. It has a START 
(three-letter code ATG), a series of three-letter codes (codons) for specific amino acids, and a three-letter STOP codon. In front of 
the START is a length of DNA where the molecular gene-reading apparatus and associated chemicals (transcription factors) are 
assembled, called the promoter region. A gene acts through the protein it ‘encodes’. Proteins are assembled from chains of amino 
acids that are specified by the codons of the gene. Figure 3 shows that the information in the codons is first transferred to messenger 
molecules, called messenger RNA, that move from the nucleus to the cell cytoplasm where the amino acid chains and then proteins 
can be assembled. Proteins are the chemical building blocks of our bodies. Some proteins (like collagen) contribute to the body’s 
structure, while others (called enzymes) speed up chemical reactions. We have around 20,000 or so genes (making up 2% of our 
DNA), which are named according to the protein’s function or the disease caused by the gene having a disabling mutation. Most of 
our DNA is common to everyone, but the sequence varies between people at numerous points along each chromosome. Collectively, 
these differences can be called ‘DNA variants’. The term ‘mutation’ tends to be reserved for a DNA change that causes a disease. 
Fig1.1 
TOP: Expanded diagram of the DNA molecule from one chromosome indicating the potential site for DNA methylation. 
MIDDLE:A standard way of representing (part of) a gene as ‘ribbon’, showing the promoter region and the START site for 
‘reading’ (transcribing) the gene. An arrow indicates gene activity. Binding of proteins (called transcription factors) to the gene 
promoter region facilitates gene activity. 
BOTTOM: Two sites in the promoter region are methylated (solid black circle). This epigenetic change by DNA methylation can 
then attract a DNA methylation binding protein, that blocks the transcription factors and so silences the gene.A cross indicates gene 
inactivity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

III. PROCESS IN INHERITANCE OF GENES 
Our cells have 46 chromosomes or 23 pairs – one set from our mother’s egg and the other set from our father’s sperm. Twenty-two 
of the chromosome pairs are the same and called autosomes. The remaining pair are the sex chromosomes, XX in females and XY 
in males. An X-carrying sperm leads to a girl, a Y-carrying sperm leads to a boy. For all chromosome pairs, it is purely chance 
which chromosome of any one pair is passed on at conception. This results in the first level of ‘shuffling’ of chromosomes and the 



www.ijraset.com                                                                                                                      Volume 5 Issue VI, June 2017 
IC Value: 45.98                                                                                                                       ISSN: 2321-9653 

International Journal for Research in Applied Science & Engineering 
Technology (IJRASET) 

©IJRASET: All Rights are Reserved  
642 

genes they carry between generations. However, there is a further level of shuffling. In the special cell division that leads to egg or 
sperm formation, the two chromosomes of each pair lie alongside each other. Held in this embrace, sections of DNA are exchanged. 
The resulting eggs or sperm end up with a single set of 23 chromosomes, but with each chromosome being a mixture of the pair of 
chromosomes from which it was derived. All cell divisions run the risk of introducing DNA copying errors, but sperm formation, is 
especially error prone. Many eggs or sperm with errors make it to the next generation and some errors can result in an inherited 
disease arising for the first time in a family. 
TOP: A representation of how 46 chromosomes are packaged into a cell nucleus; a light microscope photo of 46 contracted 
replicating (X-shaped) chromosomes during cell division; and a scanning electron microscope picture of a single replicating 
chromosome. 
MIDDLE:A representation of how DNA is packaged in the chromosome;a diagram of ‘methyl’ groups CH3 attached to the certain 
‘C’ letters of the DNA molecule. 
BOTTOM: Expanded diagram of the DNA molecule from one chromosome illustrating the promoter and protein-coding regions 
of a gene. Note the pairing rule: C with G and T with A. Also note that 3 ‘letters’ make up a ‘codon’ for an amino acid. 

Fig1.2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1.3 

A representation of how the DNA genetic code is read (transcription) and transferred to a newly made messenger RNA molecule 
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that travels from the nucleus to the cell cytoplasm, where ribosomes attach to it. A ribosome acts as an ‘assembly plant’, building 
the amino acid chain of a protein (translation) according to the genetic code carried by the RNA. 

IV. MENDELIAN DISORDERS 
Long before chromosomes were observed down the microscope, an Augustinian monk called Gregor Mendel deduced how the 
inheritance of many distinct characteristics must work. Crossing pure lines of different coloured peas, he came up with the odds of 
the offspring being one colour or the other, comparable to what we see in the inheritance of single gene disorders Diseases where 
one defective gene or section of DNA is involved are named ‘Mendelian’ disorders after him. Knowing that there is just one place 
to look for the mutation causing such a condition has helped scientists to discover which gene is linked to which Mendelian 
disorder.Understanding these Mendelian inheritance patterns coupled with the development of carrier tests has led to effective 
genetic counselling for families threatened by disorders like beta thalassaemia major. There are many thousands of different 
Mendelian disorders. Together they affect directly only 1 to 2% of the population but indirectly they worry many more family 
members.Mendel also discovered dominant and recessive inheritance. In recessive inheritance, a disease only manifests when a 
mutant gene is inherited from both parents. The life-threatening anaemia beta thalassaemia major is an example of this type of 
inheritance. In dominant inheritance a single copy of the mutant gene, inherited from one parent, is sufficient to cause the disease. 
But what determines whether a Mendelian disorder is inherited in a dominant or recessive fashion? The answer depends on the 
nature of the mutation. There are many different mutations that can cause beta thalassaemia major. In fact, there are over 100 
different beta thalassaemia mutations. What all these mutations have in common is that they severely reduce the body’s ability to 
produce the beta globin protein that helps to make up haemoglobin.Most mutations cause the cell to produce less protein. Should a 
person inherit one faulty copy of the gene, overall protein production drops by 50%. For many cell functions, there is enough slack 
in the system for the cell to get by on half the usual amount of protein. I have a ‘good enough’ genome, despite my beta globin 
mutation.Protein levels only drop critically, and the disease only manifests, when the mutation is inherited from both parents. This 
explains why diseases like beta thalassaemia major are inherited in a recessive fashion. A test revealed that my wife did not have 
the mutation, and so fortunately we did not have to face the risk of having a child with beta thalassaemia major. 
 

V. DOMINANT INHERITANCE 
Dominant inheritance, by contrast, usually occurs where the mutant gene produces an abnormal protein that overrides or disrupts 
the functioning of the normal protein. The impact of this abnormal protein depends on what the normal protein does within the cell. 
In one scenario, the abnormal protein does not interfere with the function of the normal protein straight away. The cell surveillance 
system detects the abnormal protein, and tries to neutralise it. For example, chaperone molecules that normally help to fold proteins 
into the right shape will try to remove misfolded ones. But eventually, the cells defences are overwhelmed, and disease manifests. 
Something akin to this happens in the dominant condition, Huntington disease. This is a neurodegenerative condition that typically 
develops in middle age causing difficulty in muscle co-ordination and eventually cognitive decline. Fragments break off the 
abnormal protein when important chemicals are being assembled in brain cells. These fragments coalesce, or are rounded up, 
within brain cells in an attempt to contain the problem. Over the years, the strain on the brain cell maintenance system is too much. 
There is system failure and cell death. In other dominantly inherited conditions, the abnormal protein has a profound effect. One 
example is the dominantly-inherited form of dwarfism, achrondroplasia. This is caused by a mutation in the gene encoding a 
chemical on the outer surface of our cells, which our cells use to receive information. This chemical is called fibroblast growth 
factor receptor 3 (FGFR3) and is used to receive chemicals called fibroblast growth factor molecules. The mutation makes the 
receptor think it is constantly receiving fibroblast growth factor molecules. Consequently, the receptor endlessly bombards the cells 
of the bone growth plates with signals dampening down bone growth. Mutations like those in FGFR3 are called gain-of-function 
mutations because they cause something new – and wrong – to happen within cells. Since they create new, abnormal cell processes 
rather than reducing the efficiency of existing ones, they tend to lead to dominant rather than recessive inheritance. Mutations arise 
at some point in many families, and 85% of people with achondroplasia have the condition because of a new mutation in the sperm 
that led to their conception. 16 Their parents are normal height. But why are these mutations in sperm rather than eggs, and why is 
achondroplasia relatively common (about 1 in 25,000 live births)? The answer seems to be that this gain-of-function mutation gives 
the sperm-making cell in which it arises a proliferative advantage, leading to a disproportionate number of mature sperm carrying 
the mutation. This reminds us that we develop from a community of cells, jostling for position, some proliferating and some dying. 
As we develop, we are actively responding to and dealing with our genetic inheritance through the fate of our individual cells. 
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VI. BEYOND MENDEL’S LAW 
In the late 1970s, scientists were making good progress in diagnosing rare single gene disorders and counselling families about their 
risk based on knowledge of Mendelian inheritance Increasingly, carrier tests looking for changes in proteins linked to disease were 
supplemented by direct DNA studies of possible mutant genes. But researchers were growing puzzled by certain conditions that 
clearly ran in families, but did not obey Mendel’s laws. One such disorder was Fragile X syndrome, which was becoming widely 
recognised as among the most common inherited causes of learning difficulties. Scientists already knew that, when examined under 
the microscope, the X chromosome from an affected boy would show what looked like damage at one end – a constriction, or 
‘fragile site’ – hence, the name Fragile X syndrome. But Fragile X did not behave like Mendelian disorders linked to the X 
chromosome, for example haemophilia. In Fragile X families, there were severely affected women with healthy fathers and 
grandfathers. There was no scientific basis for estimating the chance of Fragile X skipping a generation, or of a future girl being 
affected, because Fragile X did not follow a Mendelian pattern. Genetic counselling was difficult. Families find it distressing 
enough to know their child has a serious genetic problem that might affect future children, without their distress being compounded 
with vague risk figures. Initially, researchers explained the Fragile X inheritance pattern by saying that the DNA mutation 
‘progressed’ from one generation to the next. The healthy grandfather would have something called a premutation and, through 
incremental changes in the DNA, this would progress to a ‘full mutation’ that affected grandchildren. 17 Several years later, 
researchers discovered that the premutation was a small lengthening or expansion of a section of DNA at the beginning of the gene 
(FMR1) involved in Fragile X. The section of DNA lengthened down the generations to become a full mutation in affected 
childrenA clue as to why this bit of DNA was unstable came from its sequence of ‘letters’. It was composed of CGGCGGCGG 
repeated up to 40 or so times. One of our cells’ great challenges is faithfully replicating our DNA sequence during multiple cell 
divisions, including making millions of sperm or eggs. You try repeatedly copying 40 CGG triplets (CGGCGGCGGCGGCGG 
etc...) as happens when copying the FMR1 gene! It seems that the cell’s DNA replication system has the same difficulty, and may 
write out the CGG triplet too many times. When the CGG repeat expands to more than 200 triplets, it is mistaken by the cell’s 
machinery for a DNA-invading virus. So-called DNA methylating enzymes swing into action to switch off what they think is 
‘dangerous’ DNA inserted by a virus trying to hijack the cell. Although the CGG repeat is located before the coding region of the 
FMR1 gene, the enzymes deactivate or silence the whole FMR1 gene. The ensuing loss of FMR1 protein disrupts many processes 
within brain cells. Fragile X was the first of several conditions to be discovered that worsen down the generations due to these 
unstable or dynamic mutations. Another is Huntington disease. 

VII. EPIGENETIC REGULATION 
Our genes can be likened to the keys of a piano. When they are ‘switched on’ and producing proteins, that’s like the keys being 
pressed. So what plays the music? What generates the different ‘melodies’ – those intricate, co-ordinated patterns of gene activity 
that distinguish brain cells, liver cells or other cell types? The answer, in short, is that the process of living and developing ‘plays the 
music’ through epigenetic regulation of gene activity. Epigenetics is the study of how genes are switched on and off in an enduring 
fashion – which happens, for example, in response to conditions within the embryo. The cell can switch genes on and off using 
DNA methylation, tagging DNA with the methyl chemical group, CH3 (see Figures 1 and 3). Once added during development, 
these epigenetic marks can remain, even if the cells and DNA replicate. The epigenetic marks do not change the DNA sequence, just 
the level of gene activity. An extreme example of epigenetic regulation is a group of genes called imprinted genes. Here, only one 
copy of the gene is active, depending on whether it came from mother or (in other instances) from father. The other copy is silenced 
by DNA methylation during sperm or egg formation. 

VIII. GENOMIC DISORDERS 
 Genomic imprinting disorders Another genetic disease that does not obey Mendel’s rules is Angelman syndrome. People with this 
disease have marked learning difficulties, no speech, and often epilepsy. They have an unsteady, jerky gait, and often laugh. In the 
late 1980s, scientists looked at the chromosomes of people with Angelman syndrome and found that some had a bit missing (a 
deletion) on chromosome 15. The deletion was small, close to the limit of resolution of microscopes, which explained why it had 
not been spotted before. But scientists soon faced a problem when it became clear that this deletion was identical to the one known 
to cause Prader-Willi syndrome, a different disorder from Angelman. Furthermore, not all people with Angelman syndrome had this 
deletion. The next breakthrough came when a US study investigating Prader-Willi reported a patient with two (intact) copies of 
chromosome 15 from mother, but none from father Researchers realised that Angelman syndrome might involve genomic 
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imprinting, a normal phenomenon where a gene is switched on or off, depending on which parent it came from. Genomic imprinting 
had been recently revealed by experimental studies in mice. The earliest of these experiments manipulated fertilised eggs to produce 
embryos with either both sets of chromosomes from mother, or both from father. This replacement of one set with another intact set 
of 23 chromosomes, but from the same parent, proved disastrous for the mouse embryo. With both sets from father, only 
disorganised placental tissue develops; with both from mother, the growth-retarded embryo fails to progress. Clearly, chromosomes 
from mother and father do not work the same. For a baby mouse to develop, it needs to inherit chromosomes from both parents. 
What is true of mice is true of humans .When a single pair of chromosomes comes from the same parent, the impact on development 
is less severe because fewer imprinted genes are affected. Researchers realised that, if Angelman syndrome involved an imprinted 
gene, then any child born withwo intact chromosomes 15 from their father and no chromosome 15 from their mother would have the 
syndrome. Studying the parental origins of DNA from children with Angelman syndrome (who did not have a deletion) revealed 
that two children had, indeed, inherited both of their chromosomes 15 from their father. Thus the key Angelman gene was 
imprinted. When there is a mutation in an imprinted gene, it produces a non-Mendelian pattern of inheritance controlled by the sex 
of the parent passing on the mutation, not the sex of the child. In Angelman syndrome, the child is only affected when the mutant 
gene on chromosome 15 is passed down by the mother. A mutation can be transmitted by a child’s father unnoticed for generations, 
because the gene is normally switched off by the imprinting process, so the presence of the mutation is irrelevant. To date, scientists 
have shown over 50 human genes to be imprinted when working normally. With some it is the mother’s copy, and in others the 
father’s copy, that is silenced. But what ‘marks’ a chromosome as having come from mother or father, and what triggers the 
silencing? The answer: the DNA methylating enzymes that, with the Fragile X gene, jump on the runaway CGG repeat and silence 
it. With imprinted genes, a non-mutant gene is being silenced, depending on which parent it came from. Work on Angelman 
syndrome and other imprinting disorders has shown that DNA methylation and silencing of some genes is, unlike in Fragile X, a 
normal part of sperm and egg formation.  

IX. THE ‘PARENTAL TUG-OF-WAR’ HYPOTHESIS 
Reconstructing the selective advantages that led genomic imprinting to evolve in mammals is difficult. But genomic imprinting 
seems to be linked to the parental conflicts of interest generated when fetal development switched from eggs to inside mother. 
According to the ‘parental tug-of-war’ hypothesis, fathers want to maximise survival of their offspring after birth, so genes where 
the father’s copy is active should lead to increased fetal growth. Imprinted genes with an active mother’s copy should counter these 
effects and suppress fetal growth, to conserve mother’s energy for childrearing and her own survival for future pregnancies. A 
classic example supporting this idea involves two oppositely imprinted genes. Only the father’s copy of the insulin growth factor 2 
(IGF2) gene is active, and this increases fetal growth. A nearby gene, called H19, is only active from the mother’s chromosome and 
suppresses growth. Errors naturally occur during imprinting. In humans, imprinting errors causing IGF2 genes from both parents to 
be active cause Beckwith Wiedemann syndrome, a disorder where babies are born with large organs, a large tongue and a risk of 
cancer in early childhood. Imprinting errors that increase production of H19, a regulatory RNA molecule, cause SilverRussell 
syndrome, where the embryo’s growth is severely restricted in the womb. The genomic imprinting story reminds us that a regulatory 
system has evolved that can lead to enduring changes in gene activity, even though there are no changes in the DNA sequence. A 
gene can be silenced for a whole lifetime, provided that the silenced state is passed between cells when they replicate during 
development. This system is called epigenetic regulation.  

X. GENERAL GENETIC DISEASES 
The genetic diseases mentioned so far in this article are caused by a single mutation in the genome of the affected family. There is a 
strong relationship between the mutation’s location and the symptoms of the disease. 23 Common, chronic diseases of Western 
societies, such as eczema, asthma, diabetes, coronary heart disease, depression and cancers, are very different. They are nearly all 
multifactorial, so defining the cause is impossible. There are many contributing factors, including the person’s genetic makeup. 
Imagine driving along a narrow, winding country lane in the rain, having just had a row with your partner. The windscreen is fogged 
up, and your car has rather bald tyres. You round the corner to find the lane blocked by a tractor backing into a field, and crash into 
the tractor. What is the cause of the crash? One cannot be certain, and so it is with multifactorial diseases. Building up the picture 
with more and more risk factors, including DNA variants, provides some sort of explanation. Family studies show that many people 
with a common disease have rather more ancestors and relatives with the same disease than one would expect by chance, which 
suggests that inheritance has something to do with it. Inheritance is clearly important in a small minority of families whom we will 
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consider next. Monogenic subsets in ‘common disease’ A small proportion of people with a strong family history of a common 
disease carry a genetic mutation that confers such a high risk for that disease, that it can reasonably be called ‘monogenic’. Showing 
dominant inheritance, these families need special clinical management. A well-known example is mutations in the BRCA1 or 
BRCA2 gene, which raise the risk of developing breast cancer. About 5% of women who develop breast cancer have one of these 
mutations. The percentage rises to about 10% if the woman has already had a cancer at a young age and has a family history, and 
drops to about 2% if there is no such history. If one carries a BRCA1 or 2 mutation, the risk of getting breast cancer by the age of 80 
ranges from about 50% to 90%. About 4% of bowel (colorectal) cancers are due to dominantly inherited mutations causing familial 
adenomatous polyposis or hereditary non-polyposis colorectal cancer. These mutations confer a lifetime risk approaching 100%. 
About 1% of people presenting with diabetes in early life have the condition due to a dominant mutation. Making this genetic 
diagnosis can sometimes allow the person to stop injecting insulin, and control their diabetes with tablets. 24 Development and 
common multifactorial disease Outside of examples like BRCA1 and 2, families still have tendencies to develop certain common 
multifactorial diseases more often than expected by chance. But this tendency for a disease to run in the family is a complex matter. 
It is not all due to the DNA variations inherited at conception, and even that influence is often indirect. The DNA mutation causing a 
monogenic disease is like a car having a puncture or a flat batteryif it happens, you are in trouble. The DNA variations contributing 
to common disease risk or resistance are more akin to the differences between a car and a tractor. How each fares depends on the 
challenges ahead. Both can travel on a smooth road, but the car is faster, more fuel efficient and can go further. However, the car is 
more likely to fail if forced to leave the road. It is helpful to think of common adult-onset disease risk emerging as a result of a 
person’s developmental journey. Studies suggest that factors operating before birth and during childhood determine much of our 
likelihood of developing diseases as adults. For example, there is an association between low birth weight and greater risk of 
developing coronary heart disease, high blood pressure or type2 diabetes in later life. What might explain such associations? First, it 
may be that the same DNA variants cause both the slower growth of the fetus and the increased risk of type 2 diabetes or coronary 
heart disease in later life. An extra a twist needs to be added to this idea. It may be the presence of the DNA risk variant in the 
mother rather than in the fetus that is influencing fetal growth. The mother’s genes influence her metabolism and the chemical 
composition of her blood, which in turn can influence what goes across to her baby. So in a sense the mother’s genetics is part of the 
fetal environment. Another possible explanation of the link between fetal growth and adult disease could be the family’s bad habits. 
If a mother smokes, her children are more likely to be smokers. If a mother smokes in pregnancy, her babies will be born small. If 
those babies grow up to be smokers, they will be at greater risk of coronary heart disease. And as always with multifactorial disease, 
there is a yet another twist there is increasing evidence of genetic influences on behaviour, including all aspects of addiction. A final 
possibility is epigenetic regulation. Epigenetic studies suggest that people’s early life experiences can alter their gene activity for 
decades or even for life, without affecting 25 their DNA sequence. Early results from animal experiments suggest that this is a 
promising avenue for research into the origins of adult health. Going from the single fertilised egg to 100 trillion cells during 
development means that the cells, and the genome within, have to divide many times and replication is not perfect. DNA mutations 
occur, and the effects on the cell can range from inconsequential to lethal. Some of these, so-called somatic mutations, are 
transmitted to descendant cells. Some induce dangerous behaviour in the cell such as unrestrained cell division, which might be the 
first step on the multi-mutation road to cancer. To summarise, development and health depend on five broad factors: inheritance at 
conception; DNA mutations in some cells after conception; how some cells reproduce and proliferate faster than other cells; early 
developmental experience; and the prevailing social and physical environment. The role of inheritance in common multifactorial 
disease Inheritance at conception consists principally of the chromosomes (with their DNA and variations) from mother and father. 
However, we also inherit a tiny amount of DNA from our mother’s mitochondria in the egg cytoplasm, tiny energy-producing 
structures vital to cell function. Mitochondria carry their own genome, only 0.0005% the length of the human chromosomal 
genome, and carrying just 37 genes. Other molecules capable of influencing development, such as RNA, are also transmitted with 
the sperm and egg, but knowledge of their effect on offspring is still rudimentary. Scientists have got some measure of this 
biological inheritance and its role in common disease from twin studies. Identical (monozygotic) twins come from the same 
fertilised egg and share the same genetic variations, whereas non-identical (dizygotic) twins come from two fertilized eggs and 
have, on average, half their genetic variations in common, just like siblings more generally. If a monozygotic twin has a disease 
influenced by inheritance, their co-twin is more likely to develop it than if they were dizygotic twins. This higher likelihood 
indicates that some disease risk was inherited at conception. Twin studies show that inheritance makes a major contribution to most 
common diseases, although they cannot explain which genetic variations have an influence. This information has to come from 
other types of research. 26 Case-control studies Another approach is to compare DNA samples from people with a disease (cases) 
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with DNA samples from people without that disease (controls), and look for genetic differences between them. This is called a 
‘case-control’ study. Early case-control studies had one big drawback. Analysing many whole human genomes was not possible, so 
researchers looked at a few candidate genes that they suspected might be involved in a disease. Choosing these candidate genes 
required the researchers to know already what the genes did, and how the disease developed. Unfortunately, only a few of these 
candidates turned out to have a major role in common diseases. One example is filaggrin (nature’s skin moisturiser) and its role in 
eczema, which affects some 20% of children. Mutations in the filaggrin gene are remarkably common, at least in Europeans. A 
careful population study (the Avon Longitudinal Study of Parents and Children) found that 6% of babies carried one of the two most 
common mutations. These mutations account for a significant percentage of the risk of eczema and allergic asthma in the population  
15%, according to the ALSPAC study. Genome-wide association studies After the Human Genome Project was completed in 2003, 
it became technologically possible to look at thousands of genes. Big case-control studies of common diseases were launched, to ask 
which of the 500,000 known common DNA variations if any are associated with a particular disease. The genome-wide association 
study (GWAS) was born. The pioneering Wellcome Trust Case Control Consortium (WTCCC) led one of the first GWAS studies. It 
looked at DNA samples from adults with bipolar disorder, coronary artery disease, Crohn’s disease (an inflammatory bowel 
condition), high blood pressure, rheumatoid arthritis and type 1 and type 2 diabetes. The WTCCC published its first findings in 
2007, after analysing the DNA of 14,000 patients (2,000 for each disease) and 3,000 controls. It discovered that 24 regions of the 
human genome were associated with one or other of these diseases. But these common DNA variants (or nearby ones) each made 
only a tiny contribution to the relevant diseases. Many a GWAS since the WTCCC has painted the same picture. Many DNA 
variants associated with disease have now been discovered  for example, more than 20 for type 27 1 diabetes, more than 35 for type 
2 diabetes, and more than 70 for Crohn’s disease. But, even taken together, they often explain only a small percentage of someone’s 
risk of common disease. However, for Parkinson’s disease – which affects 1-2% of the elderly  11 genetic variants seem to explain 
60% of the population risk. With the latest DNA sequencing technology, we will be able to study rare DNA variants that, although 
carried by fewer people, will probably explain more of their disease risk. Some DNA variants may one day help hospitals and 
clinics to diagnose disease, but this is as yet uncertain.  

XI. COMBINED NATURE OF GENETICS, EPIGENETICS 
 In common disorders, genetic and environmental influences go hand-in-hand, with epigenetic regulation underpinning many of the 
long-lasting effects of early experience. Some studies have forced us to revise the way we think about the effect of genetic variants. 
Over the last decade five DNA variants were found to be associated in some way with antisocial behaviour and poor self-control in 
young people, particularly following an adverse childhood with poor parenting. However, when researchers looked at good as well 
as bad outcomes, it turns out that these DNA variants are not associated with poor self-control per se. They are associated with how 
responsive children are to parenting. The same set of variants associated with poor self-control following bad parenting are also 
linked to very good self-control after good parenting. So here, the genetic variation seems to be influencing the degree of response 
to the social environment. Some children are deeply affected for better or worse, whereas others much less so. Gene-environment 
interactions during development are usually very difficult to study because so many factors are involved. But there is one area where 
the environmental exposure is well defined, and that is treatment with a prescription drug. With many drugs, a proportion of patients 
do not get the beneficial response expected, and a few get seriously detrimental side-effects. How a person’s genetics affect how 
they respond to drugs is studied in pharmacogenetics, which  it is hoped will lead to ‘personalised medicine’. After several false 
dawns over the 28 last 20 years, pharmacogenetics is finally being introduced into medical practice. Clinical trials are establishing 
whether genetic tests can help determine the appropriate dose of the widely used, blood-thinning drug Warfarin, so as to reduce 
dangerous side-effects such as internal bleeding. One area that promises to move much quicker than pharmacogenetics is the use of 
new DNA sequencing techniques to discover which somatic DNA mutations have occurred in cancer tissue. This will help doctors 
to select drugs that are ‘tailor-made’ to a patient’s tumour. We are also beginning to understand how DNA methylation affects 
common-disease risk. We know there are numerous places in the human genome where the pattern of DNA methylation is highly 
variable, even among monozygotic twins who have the same DNA sequence. There is some evidence that the pattern of DNA 
methylation is influenced by the diet of one’s mother around the time of conception. Research has shown that the ongoing health 
and DNA methylation of people in rural Gambia is affected by the season in which they were conceived. People whose mothers 
went hungry during the rainy season at the time they were conceived have a poorer outcome for future health. A Dutch study found 
that children whose mothers experienced famine around the time they were conceived kept the same altered patterns of DNA 
methylation in their blood cells for 60 years after their birth. Blood cells do not last that long, which suggests that methylation 
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patterns were carried in the children’s self-renewing stem cells. Alternatively, the famine could have changed the children’s 
hormone response levels for life. We should not be too surprised if we discover that the early environment can cause big shifts in a 
child’s development, by permanently changing methylation patterns. After all, the worker bee and the queen bee have identical 
DNA but are very different in structure and behaviour. This is due to DNA methylation changes triggered by social circumstances, 
and by a diet of royal jelly! Other links between DNA methylation and adult disease are emerging, particularly in cancer, but 
researchers still have many questions. For example, do the changes in 29 DNA methylation affect whether genes are switched on or 
off? And is the altered DNA methylation a cause or a consequence of disease? The relationship between DNA methylation and 
cancer is difficult to study, but scientists have found that some people with hereditary non-polyposis colorectal cancer a bowel 
cancer have abnormal DNA methylation instead of the expected DNA mutation. This occurs in all the cells of the body, but is not 
usually passed on to the next generation. An aspect of these methylation changes that is of particular interest to researchers is that 
they are more reversible than changes to our DNA sequence. Studies are already underway to test whether drugs that alter DNA 
methylation might help to treat cancer, but we do not yet know whether this will work. Understanding more about the genetics and 
epigenetics of human disease will depend on many things, not least people’s willingness to actively participate in research. 
Participation by families with rare monogenic diseases has resulted in valuable insights into the workings of development and 
inheritance  insights that are relevant to the common, multifactorial diseases that affect us all. Further progress will require big 
commitments from researchers, funders, and large numbers of willing participants  and, being genetics, a commitment across the 
generations. 
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