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Disease results from interaction between genes, 
proteins and the environment. Improved understanding 
of genetic and environmental contributions to complex 
diseases would shift the focus of medicine from the 
disease itself to g e n e t i c c h a r a c t e r i s t i c s of 
individuals and to their experiences, habits and 
environmental conditions. The environment has a strong 
influence on the expression of genetically determined 
diseases. 

A focus on the genetic, developmental and 
environmental components of disease and their unique 
combination in a given individual would facilitate 
more effective methods of prevention. Once the 
genetic basis for susceptibility to a complex disease 
is established, the health care profession can target 
and monitor potential sufferers, help them avoid 
the e n v i r o n m e n t a l f a c t o r s tha t can p r o v o k e 
disease and encourage early sel f -detect ion of 
disease signs and symptoms. 

The risk for common complex disorders such as 
cardiovascular diseases, diabetes, obesity, hyper­
tension, asthma, etc are believed to determined by a 
mixture of multiple genes and environment factors. 
There is a massive increase in the global prevalence 
of these conditions and in Sri Lanka alone, deaths 
from cardiovascular diseases accounts for nearly 15% 
and hypertensive heart diseases accounts for 10% of 
cardiovascular diseases 1. 

Diabetes mellitus too has become a major social 
burden due to increase rate of mortality and morbidity, 
which raises health care costs in patient management 2. 
Recent findings suggested that the prevalence rate of 
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Type II diabetes in Sri Lanka is 5.02% in urban areas 
and 2 % in rural areas and 5.07% of the adult population 
have impaired glucose tolerance3. There have been 
many attempts to elucidate both the genetic and 
environment components but aetiology remains still 
unclear for common complex diseases. This review 
briefly describes the DNA variations, analytical 
methods and technology currently available to 
progress towards finding the genetic mechanisms of 
common complex diseases. 

DNA variations 

The cells of all organisms contain basic DNA 
complement that is unique to species, called genome. 
DNA variation is the raw material for genetic studies. 
Variations in DNA have arisen during evolution as a 
consequence of mutations. New mutations arise in 
single individuals in somatic cells or in the germline. If 
a germline mutation does not impair an individuals 
ability to have offspring who can transmit the mutation 
it can become establ ished in a population. They 
are frequently called polymorphisms (Greek 
polymorphos, which literally means multiform)4 - 8. In 
genetics, the term DNA polymorphism is used to 
indicate that a particular position in the DNA has more 
than one form in the population** 7. The term "allele" is 
used to refer to a particular form occurring at a given 
position and the position is called a "locus". A genotype 
is a description of the two alleles at a particular locus. 
A distinction has been made between "variations" and 
"polymorphisms" in that a locus is only called 
polymorphic if the most common variant occurs in less 
than 99% of the population and consequently all other 
variants occur with a total frequency of 1 % or more7. 

There are different types of variations in DNA. The 
simplest is known as a single nucleotide polymorphism 
(SNP) in which a single nucleotide (and consequently 
the complementary nucleotide of the base pair) has 
two, or sometimes three, forms common in the 
population5"8"9-10. 

SNPs are classified according to their position in 
or around genes into coding and noncoding 
polymorphisms 5 . Noncoding polymorphisms may 
occur in the promoter region of the gene, within introns, 
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5'- and 3'- untranslated regions (regions of the gene 
that are present in the mRNA but do not code for 
protein), and intergenic regions 4. Noncoding poly­
morphisms do not alter the base pair sequence in the 
part of the DMA that codes for the protein but may 
alter the rate of transcription, the processing, or the 
stability of the mRNA. They may change the amount 
of protein generated by translation. Coding SNPs are 
classified into synonymous and nonsynonymous 5 8 - 1 0. 
Synonymous polymorphisms change the codon into 
another that codes for the same amino acid. Therefore, 
there is no change in the structure of the protein. 
Nonsynonymous SNPs change the codon to one 
specifying for a different amino acid and therefore 
may change protein structure. 

A more complex type of DNA variation is the 
microsatellite repeat. Also known as simple tandom 
repeats. It consists of short nucleotide sequences such 
as di-, tri-, tetra-, or pentanucleotides repeated several 
to hundreds of times along DNA. Microsatellite repeats 
occur in all individuals. There are also minisatellite 
repeats which are similar to repeating units but are 
few tens in nudeotide length (up to 25 base pairs). 
These two types of repeat unit of polymorphisms are 
categorised together as variable number of tandem 
repeats (VNTRs). 

Other types of polymorphisms include short 
insertion/deletion variants called "indel", large insertions 
and deletions of transposabte elements4"6. They are 
unstable DNA elements, which can migrate to different 
regions of the genome. Defective gene expression due 
to DNA transposition is extremely rare. 

DNA variations and their significance 

DNA replication process is error prone. If the error 
is not corrected or repaired, a mutation may occur 4 7. 
One cell contains approximately 9x10 9 base pairs of 
nuclear DNA; 1 0 1 7 cell divisions are required to 
transform a zygote into an adult individual with 100 
trillion cells ( 10 1 4 ) . Thus, 9 x 1 0 2 8 nudeotide incor­
porations take place during the lifetime of a human. 
The error rate of DNA polymerase is only 10 - 1 0 . Many 
of these misincorporations are repaired by the proof 
reading segment of the DNA replication machinery. 
Despite this there is plenty of room for error and 
generations of new mutations and polymorphisms. 
Although much emphasis has been placed on the role 
of exogenous factors (i.e. toxins and other environ­
mental factors) in the generation of DNA variation, the 
most mutagenic factors are endogenous. Mutations 
that are not repaired in reproductive cells, called 
germ cell mutations, may be passed on to the next 

generation. It has been estimated that the human 
genome contains one sequence variant in every 200 
to 1000 base pairs of sequence 5. 

The mutation refers to a rare variant that is the 
primary cause of a clinical phenotype or a disease, 
whereas the term polymorphism is used to denote a 
variant present in the population in a relatively high 
frequency. Polymorphism, itself is not sufficient to 
cause a disease, although it may contribute to 
susceptibility to a disease or variation in functional 
properties of a protein1 1. 

Mapping human disease 

DNA makers for genetic mapping 

When biochemical basis of a disease is not 
known it is necessary to locate the gene in a suspected 
region. Genes were the initial makers but are widely 
spaced out with large gaps between them. Mapped 
features which are not genes called DNA markers. A 
marker is any M e n d e l i a n character, which is 
sufficiently polymorphic such that a randomly selected 
person has a good chance of being heterozygous, 
ie a DNA marker should exist in two allelic forms. It 
helps if the character can be scored easily and cheaply 
using readily available material. 

Technological developments in the early 1990s 
making possible high-throughput genotyping of 
informative markers, led whole genome screens in 
search of complex disease genes. Mapping requires 
makers spaced at intervals no greater than about 20cM 
across the genome. Recombination fraction is a 
measure of distance between two loci, which differ to 
the physical distance. Two loci which shows 1 % 
recombination is define as being 1cM (one centimorgan 
apart on the genetic map. Thus, a minimum of 150 
markers is required for a full genosome scan but 300 
m a r k e r s w o u l d be m o r e i n f o r m a t i v e . DNA 
polymorphisms are the basis of all currently used 
genetic markers and the Human Genome Project so 
far has generated 10,000 highly polymorphic markers 
that were sufficiently numerous and spaced across 
the entire genome. 

RFLP (Restriction Fragment Length Polymorphism) 

The first generation of DNA markers were RFLPs. 
They were initially typed by preparing southern blots 
from restriction digest of DNA and hybridization with 
radio labeled probes to identify common structural 
variants in DNA termed RFLPs. Nowadays RFLPs 
can easily be typed by PCR. A sequence including 
the variable restriction site is amplified; the PCR product 
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is incubated with the appropriate restriction enzyme 
and then run on a gel to analyse the digest ion 
products. A more fundamental limitation is their limited 
informativeness. Because RFLPs have only two alleles, 
the sight is present or not. 

Minisatellites (Variable number of tandem 
repeats) VNTRs 

The repeat unit is few tens in length. These are of 
great improvement. They have many alleles and high 
heterozygosrty. However, the technical problems of 
Southern blotting and radioactive probes were still 
an obstacle to easy mapping. Furthermore, VNTRs 
are not evenly spread across the genome. 

Microsatellites 

Microsatell i tes are simple repetitive DNA 
sequences highly polymorphic between individuals in 
terms of the number of repeats. The advent of PCR 
mapping relatively quick and easy. Minisatellites are 
too long to amplify easily by PCR and so the standard 
tools for PCR linkage analysis employ analysis of 
microsatell ite poymorphisms. These are mostly 
(CA)n repeats. 

Microsatellites are more popular than minisatellite 
as DNA makers. Minisatellites are not evenly spread 
across the genome and found near the ends of 
chromosomes. Therefore, finding an association would 
limit to the ends of the chromosomes. However, 
microsatellites are more conveniently spaced through 
out the genome making it possible to genotype the 
entire genome. Easiest way to type length 
polymorphism is by PCR. However, PCR typing is 
much quicker and accurate for short lengths preferably 
less than 300 base pairs. Most of the minisatellites 
repeating units are more than 10 base pairs in length 
exceed this amount in a single array but in 
microsatellites which consist of 10-30 copies of simple 
di-tri-or tetra nucleotides units are more suitable for 
PCR typing. 

Single nucleotide polymorphisms (SNPs) 

The newest generation of markers are two allele 
single nucleotide polymorphisms. They include RFLPs 
but also polymorphisms that do not happen to create 
or abolish a restriction site. The advantage of SNPs is 
that they can be scored on solid-state arrays without 
recourse to gel electrophoresis. Typically the test DNA 
is amplified in very large multiples and hybridized to 
an array comprising a series of anchored oligonu­
cleotide primers each terminating with a polymorphic 
nucleotide. A single primer extension step is carried 

out on the array using a mixture of fluorescently 
labeled dideoxynucleotides. Label is incorporated 
into primers that perfectly match the test DNA but not 
to those with a 3' mismatch. Reading the cells of the 
array for presence of fluorescent allows the types for 
every SNP on the array to be read off 4 . 

Mapping genes in complex diseases 

There are three main approaches to mapping the 
genetic variants involved in a disease: 

1. Functional cloning, 
2. Candidate gene strategy 
3. Positional cloning 1 2. 

Functional cloning 

This approach is used only when the biological 
basis was known. The identification of underlying 
protein defect leads to localization of responsible gene. 
When biological basis was known it is possible to purify 
and partially characterize some of the gene product. 
Specific oligonudeotides or specific antibodies can be 
generated from this and can be used to identify the 
gene. Genes in sickle cell anemia- B-globin chain of 
hemoglobin, in phenylketonuria the enzyme 
phenylalanine hydroxylase, in lesch Nyhan syndrome 
hypoxanthine phosphoribosyltransferase and in 
hemophilia blood clotting factor viii swere identified by 
this approach. 

Positional cloning 

Positional cloning is used when the biochemical 
nature of a disease is unknown. With positional cloning 
for complex d iseases, marker genes and two 
complementary analytical methods, linkage analyses 
and association mapping, are used to detect the 
specific genetic regions and genes involved in the 
disease process 1 2. Linkage analyses test for the co-
segregation of a marker and disease phenotype within 
a pedigree 1 3 , whereas association studies test for 
differences in marker allele frequencies at the 
population level between patients and a control 
population1 3-1 4. 

Marker genes not related to disease physiology 
and genome-wide screens are the starting point for 
mapping the genetic components of the disease. This 
will first identify the genetic region where a disease-
predisposing gene lies and, once this has been found, 
will localize the gene and the functional and biological 
role in relation to disease will be determined 9 . This 
was used for example, for cloning the cystic fibrosis 
gene on chromosome 7 in 1989. Microsatellites and 
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single-nucleotide polymorphisms (SNPs) are the two 
most commonly used DNA polymorphisms employed 
with positional cloning 1 5 1 6 . 

Candidate gene approach 

In the candidate gene approach, genes with a 
known or proposed function with potential to the 
disease phenotype are investigated for a direct role in 
disease. Here a candidate gene encodes a protein of 
known function which if mutated could account in part 
for the pathogenesis of the disorder. The success of 
this approach depends of course on knowing enough 
about the possible molecular pathogenesis of the 
disorder to make an educated guess as to candidates. 
These approaches can be applied without any prior 
knowledge of the biological basis of the disease using 
genome-wide studies, combined with the candidate 
gene approach and comparative analyses using animal 
models of disease. The most successful application 
of the candidate gene approach to mapping complex 
diseases in humans has been with the HLA region. 
Genes in the HLA region have been implicated in the 
aetiology of over 200 d iseases 1 7 1 8 . These include, 
complex autoimmune diseases such as type 1 
diabetes, rheumatoid arthritis and multiple sclerosis; 
cancers such as Hodgkin's disease; infectious 
diseases such as malaria, tuberculosis and AIDS; and 
such other diseases as narcolepsy. 

Linkage and linkage disequil ibrium 

Linkage disequilibrium refers to the nonrandom 
association of alleles at different loci, and random 
association is described as, 'linkage equilibrium' 1 9. 
Linkage is the tendency of genes or DNA variants at 
different loci to be inherited together as a consequence 
of their physical proximity on a single chromosome 
and tests for co-segregation of a maker and a phenotype 
within a pedigree. An allele at a marker at one point in 
a chromosome will be physically connected with the 
alleles at all other markers on the same string. When 
a new mutation occurs at a particular locus, it is 
physically connected to every other site on the 
chromosome until it is subjected to recombination 
inducing an association in the population between the 
alleles that happen to be present at different loci on 
the mutated chromosome. It is this association that 
gives rise, over subsequent generations, to the 
observed linkage disequilibrium, the non-independence 
of alleles at different loci close together on the same 
chromosome. As the chromosome is passed from one 
generation to another, recombination breaks down the 
association, more so for loci further apart. The more 
loosely two loci are physically linked, the faster the 

decay of linkage disequilibrium under neutrality via 
recombination. That is, linkage disequilibrium decays 
over time (generations) so that many generations later, 
disequilibrium is localized to the region very close to 
the location of the original mutated locus. One 
distinction between linkage and linkage disequilibrium 
is that linkage is a within-family association between 
marker and disease al le les, whereas linkage 
disequilibrium is a population association between 
marker and disease alleles. 

Parametric l inkage analysis 

This requires a precise genetic model, detailing 
the mode of inheritance, gene frequencies and 
penetrance of genotype. This is a powerful method to 
scan the genome in 20Mb segments to locate disease 
gene if a valid model is available. 

Non-parametric l inkage analysis 

Non-parametric analysis does not require a 
specific genetic model . These methods ignore 
unaffected people and look for alleles or chromosomal 
segments that are shared by affected individuals. 
Shared segment methods can be used within nuclear 
families, within known extended families or in whole 
populations. 

Identity by state and identity by descent 

Identity by state (IBS) alleles look the same and 
may have the same DNA sequence but not derived 
from a known common ancestor. Identity by descent 
alleles (IBO) are demonstrably copies of the same 
ancestral (usually parental) allele. 

LOD score 

In linkage analysis the coinheritance of maker and 
gene are followed within a family. The probability that 
their observed inheritance pattern could occur by 
chance alone (that is if they are completely unlinked) 
is calculated. The calculation is then repeated 
assuming a particular degree of linkage and the ratio 
of two probabilities. (No linkage Vs a specified degree 
of linkage is determined. This ratio expresses the odd 
for (and against) that degree of linkage and because 
the logarithm of ratio is used it is known as the logarithm 
of odds score or LOD score. For practical purposes, a 
LOD score equal to or greater than three is taken to 
confirm that the gene and marker are linked. This 
represents 1000:1 odds that the two loci are linked. 
Negative LODs give evidence against linkage. 
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Phenometric analyses 

A fundamental assumption of the different study 
designs described that the phenotypic definition is 
precise. These study designs are referred to as 
phenometric a n a l y s e s 2 0 . O n e assumption of 
phenotypic precision is that all the cases and none of 
the controls have the disease under study. 

A further implicit assumption is that the disease 
definition itself is precise, that is, that all cases have 
the same disease. 

Genometric analysis 

An alternative approach to dissect the genetic 
predisposition to these disorders is to characterize 
the genotype in a large population and then determine 
its relationship with the phenotype: a "genometric 
approach". This approach 2 1 is in early stages of 
development. The sample size required to test whether 
there is an association between a DNA variant and a 
disorder is a key consideration 2 2' 2 5. Estimation of the 
number of subjects required is influenced by the 
frequency of the DNA polymorphism in the particular 
population under investigation (ie, the frequency in a 
particular ethnic group 2 8- 2 7. 

Complex diseases 

Parametric linkage analysis, depends on following 
the inheritance of genetic markers in extended 
pedigrees to look for cosegregation of marker alleles 
in affected individuals, under a defined model of 
inheritance. The logic is that if a gene somewhere in 
the genome is responsible for the disease, affected 
family members are expected to have inherited the 
same disease predisposing allele at the locus, and 
markers that lie physically near this disease gene will 
be transmitted along with the disease allele 2 8. Linkage 
methods with LOD score analysis requires parametric 
linkage analysis and suitable to identify genes when 
large multigenerational pedigrees are available. 
Monogenetic diseases like Huntington's disease and 
breast cancer genes and complex diseases such as 
schizophrenia and psorisis and maturity onset of 
diabetes of the young were identified by parametric 
linkage analysis method. 

To resolve genetics of complex diseases do not 
lend themselves to follow parametric linkage analysis 
as the segregation of genes do not follow a Mendalian 
mode of inheritance pattern. Depending on a number 
of factors, such as mode of inheritance (dominant or 
recessive), penetrance (risk of being affected), and 
population under study, the number of different disease 
mutations represented in a collection of unrelated 

families will vary. Either all families in a collection will 
carry a different allele of the disease gene or all families 
possess the same ancestral mutation. In genetically 
isolated populations the families could be related to 
each other, although the relationship may be too distant 
to be recognizable therefore unique mutations can, by 
chance, become common. In such a group, the various 
collected families actually form one larger, extended 
pedigree and thus, in theory, provide much greater 
power for gene localization by linkage analysis. 
However, true connections between families cannot 
be determined owing to the fact that much of the 
generations that link the pedigree are missing. Without 
knowing the connections between families, 
conventional linkage analysis offers no further benefit. 
Alternative approach is l inkage disequilibrium/ 
association studies performed using population 
samples of independent individuals or family-based 
association samples with specific family structures. 
Linkage disequilibrium can be used instead of linkage 
as an initial tool to map disease susceptibility genes 
in populations. 

Association studies 

The simplest definition of a "genetic association" 
is to determine whether there is a relationship between 
a specific DNA variation and the frequency or severity 
of a particular trait 1 9- 2 7. Association studies compare 
marker frequencies in unrelated cases and controls 
and test for the co-occurrence of a marker and disease 
at the population level, a significant association with 
disease might implicate a candidate gene in the 
etiology of a disease. An association can have many 
possible causes not all genetic 2 9. 

Sampling strategies for genetic association studies 

Case control study design 

Different experimental designs can be used to 
conduct genetic association studies 2 0- 2 7. The case-
control studies have been the most widely applied 
strategy for characterizing genetic contribution to a 
disease 2 9, and are identical to those used in clinical 
epidemiology and consist of determining the frequency 
of a DNA variant in individuals affected by a disease 
(cases) and in those not affected by the disorder 
(controls). The advantages of this approach are that 
cases are readily obtained and can be efficiently 
genotyped and compared with control populations. It 
is also economically and statistically efficient. However, 
the resul ts of case -cont ro l s tud ies are of ten 
inconsistent and this can be attributed to number of 
factors, including clinical heterogeneity (associations 
are often only shown with certain subsets of disease), 
genetic heterogeneity (it should not be unexpected 
to find ethnic differences in associations), and study 
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design (small, underpowered sample sizes, poor 
quality control of genotyping data, and inappropriate 
selection of controls will all contribute to inconsistent 
findings). 

This approach has resulted in the identification of 
DNA variants that prove to be spuriously associated 
with disease. The selection of appropriately matched 
controls has also been the subject of discussion. 
Ethnically unmatched controls may lead to positive 
results due to population stratification. This is due to 
presence of multiple subgroups with different allele 
frequencies within a population. The different underlying 
allele frequencies in sampled subgroups might be 
independent of the disease within each group and can 
lead to erroneous conclusions of linkage disequlibrium 
or disease relevance. If two populations have subtle 
genetic differences and the cases come predominantly 
from one population, resulting evidence for association 
might be statistically highly significant, but the true 
association will be with the population rather than the 
disease. 

Prospective cohort study design 

This method requires prospectively assembling a 
group of individuals before the onset of disease followed 
to determine the frequency with which the disease 
develops. Then, the frequency of the DNA variant is 
determined in the entire cohort, allowing estimation of 
risk and predictive values. This excludes the bias for 
selection of control population. This approach requires 
sufficient number of cases to be adequately powered 
to study disease genetics. 

Family based association studies 

A study design unique to genetic epidemiology is 
the "family-based association" d e s i g n 2 0 2 2 2 3 . Genetic 
association methods developed have focused on the 
need to account for population stratification. Family-
based association studies use relatives of cases as 
controls, such as unaffected siblings or the non-
transmitted alleles from parents. 

A number of family-based association methods 
have been proposed, the most commonly used being 
the transmission disequilibrium test (TDT) 2 4 . The test 
examines the transmission of potential disease alleles 
from a parent who is heterozygous for the marker to 
an affected offspring. It is a test of association only in 
the presence of linkage, and because family members 
act as controls, spurious associat ions due to 
population differences do not arise. The original test 
uses a single affected offspring and both parents. A 
number of extensions to the original TDT have been 
proposed that allow both parents and an unaffected 
sibling to be analysed, making maximum use of 
incomplete nuclear family data. 

Tests are available for both SNPs and multiallelic 
markers such as microsatellites. As the T D T is 
dependent upon the number of informative 
transmissions, microsatellite markers are often more 
useful. If 100 parents are genotyped, 80 informative 
transmissions will be expected for a microsatellite 
marker with 8 0 % heterozygosity, whereas the 
maximum heterozygosity measure for a SNP is only 
50%. However, at least two multilocus haplotype 
methods have been developed for the TDT, which 
should overcome the low information content of single 
SNPs by combining up to four SNPs in a single 
haplotype. 

The TDT has become a very versatile methodology, 
allowing a range of family structures, marker types, 
and phenotype data to be analysed simultaneously. 

This versatility, coupled with the increased power 
of an association-based method, will inevitably lead to 
increased use of the TDT in the search for complex 
disease susceptibility genes. 

Affected-sibling-pair methods 

Nonparametric (model-free) linkage analysis can 
be carried out on small, nuclear families, such as 
affected sibling pairs (ASPs), without making any 
assumptions about the genetics of diseases, provided 
sufficient number of families can be collected. 

Pair of sibs are expected to share 0,1 or 2 parental 
haplotypes with frequency %, V4 and V* respectively. 
However, if both sibs are affected by a genetic disease 
then they are likely to share whichever segment of a 
chromosome carries the disease locus. Taking the 
simplest assumption that everybody with the disease 
carries a mutant allele at this locus, and if the disease 
is dominant, they will share at least one parental 
haplotypes and if the disease is recessive they will 
share both haplotypes3. 

Summary and conclusions 

Epidemiological studies have shown that the 
prevalence rates are rising and Type 2 diabetes alone 
would afflict 80 million people worldwide by the year 
2020 3 0 . Type 2 diabetes has been regarded as a 
common complex disease in which multiple genes 
interact with environmental factors to exceed the 
threshold to develop the diseases. The complication 
of microvascular and macrovascular diseases has 
been progressed by the time of diagnosis of the 
diseases hence, identifying the diseases before onset 
would enable the patients to minimize their exposures 
to environmental factors. Genetic association studies 
are becoming increasingly frequent in the literature and 
they are considered central to the deciphering of the 
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genetic basis of complex disease. However, research 
into genetic components of common complex diseases 
are in it's infancy in Sri Lanka. Investigating into the 
genetic component of Type 2 diabetes in Sri Lankan 
population will make it possible to identify possible 
gene mutations in relation to Sri Lankan population 
and plan for future therapeutic targets and lifestyle 
interventions since the prevalence is increasing 
tremendously throughout the wor ld 3 0 3 and in Sri Lanka. 
Thus, it is advisable for clinicians and scientists working 
in the field of complex genetic disorders to be familiar 
with how genetic association studies are conducted 
and interpreted, their potential pitfalls, the strengths 
and weaknesses of genetic association studies and 
what these studies contribute to the understanding of 
predisposition to disease. In this context there is need 
for political, academic and economic will to promote 
genetic mechanisms into diseases in Sri Lanka. 
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