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INTRODUCTION

The major histocompatibility complex (MHC)
is a dense complex of genes with immunological
and non-immunological functions and is present
in all vertebrates. In humans it is known as human
leukocyte antigens (HLA) (Marsh et al.,  2000;
Gruen and Weissman, 1997). Peter Gorer
discovered it during transplantation studies in
mice (the H-2 complex) in 1937. Jean Dausset
described the first human MHC antigen Mac
(HLA-A2) followed by the discovery of 4a and
4b. MHC is best known with its role in
histocompatibility (Snell, 1981) and in immune
regulation (Jorde, 1999).  In humans, the genes
for the HLA antigens are located on the short arm
of chromosome 6 in the band 6p 21.3 (Apanius
et al., 1997). It contains approx 4 million nucleotide
pairs and contains approx 200 genes The MHC
complex is divided into three subgroups called
MHC class I, MHC class II, and MHC class III.
The MHC class I genes are further divided into
classical and non classical. The classical class I
genes are located telomeric in the complex and
encode the α-chain of the antigen-presenting
HLA-A, -B and -C molecules. HLA-E, F and G are
termed nonclassical genes and are juxtaposing
the classical class I genes. The classical and non
classical genes are evolutionarily related but
appear to have distinct functions related to the
immune response and NK cell recognition. The
centromeric class II genes, previously known as
immune-response genes include HLA-DR, -DP
and -DQ genes, and proteasome (LMP) and
peptide-transporter (TAP) genes. The MHC class
III region contains many genes with different
functions. Among the genes within the MHC are
more than 20 loci encoding proteins involved in
binding and presentation of the peptide degra-
dation products of proteins to the T cell antigen
receptor (Fig. 1).

Regarding the evolution of these genes there
is not a definite candidate for the primordial MHC
gene. According to one hypothesis the class II
MHC evolved first (Hughes and Nei, 1992)
whereas another hypothesis holds that the class

I MHC originated first as a result of a recombi-
nation between an immunoglobulin-like C-domain
and the peptide-binding domain of an HSP70
heat-shock protein (Flajnik et al., 1991). A
phylogenetic analysis supports a relationship
between the class II MHC alpha chain and beta
2-microglobulin and between the class II MHC
beta-chain and the class I alpha chain (Hughes
and Nei, 1992). Most evidence supports the
hypothesis that the ancestral MHC molecule had
a class II-like structure and it gave rise to the
class I molecule (Hughes and Nei, 1992).

The best-known genes in the MHC region
are the subset that encodes cell-surface antigen-
presenting proteins. In humans, these genes are
referred to as human leukocyte antigen (HLA)
genes, although people often use the term MHC
to refer to HLA gene products) (Gruen and
Weissman, 1997). In mouse it is H-2 (Histocom-
patibility System – 2), in rabbits it is RLA (Rabbit
Leukocyte antigens), in Guinea Pig it is GLA
(Guinea Pig leukocyte antigens), in Chimpanzee
it is ChLA (Chimpanzee Leukocyte Antigen) and
in Cattle it is BoLA (Bovine Leukocyte Antigens).

In humans the most intensely studied HLA
genes are the nine so-called classical MHC genes:
HLA-A, HLA-B, HLA-C, HLA-DPA1, HLA-DPB1,
HLA-DQA1, HLA-DQB1, HLA-DRA, and HLA-
DRB1. The A, B, and C genes belong to MHC
class I, whereas the six D genes belong to class
II.

The MHC molecules have a vital role in the
complex immunological dialog that must occur
between T cells and other cells of the body
(Benacerraf and McDevitt, 1972). At maturity,
MHC molecules are anchored in the cell
membrane, where they display short polypeptides
to T cells, via the T cell receptors (TCRs) (Janeway
and Travers, 1997). The polypeptides may be self,
that is, originating from a protein created by the
organism itself, or they may be foreign, originating
from bacteria, viruses, pollen, etc.

The immune system has another and equally
important method to identify antigen: B cells with
their membrane-bound antibodies, also known as
B cell receptors (BCRs). However, whereas the
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BCRs of B cells can bind to antigens without much
outside help, the TCRs of T cells require
“presentation” of the antigen. It is important to
realize that, during the vast majority of the time,
MHC is kept busy presenting self-peptides,
which the T cells should appropriately ignore. A
full-force immune response usually requires the
activation of B cells via BCRs and T cells via the
MHC-TCR interaction. All MHC molecules receive
polypeptides from inside the cells they are part
of and display them on the cell’s exterior surface
for recognition by T cells. However, there are
major differences between MHC class I and II in
the method and outcome of peptide presentation.
Besides being scrutinized by immunologists for
its pivotal role in the immune system, the MHC
has also attracted the attention of many
evolutionary biologists, due to the high levels of
allelic diversity found within many of its genes

CLASSIFICATION  OF  HLA

MHC Class I

MHC class I is further categorised in to
classical and non classical antigens. MHC class I
classical antigens i.e. A, B and C are found on
almost every nucleated cell of the body except
central nervous system, skeletal and smooth
muscle cells, parathyroid cells, pancreatic cells

and corneal epithelium. Both male and female
germinal cells are also devoid of classical class I
antigens. The non classical MHC class I antigens
i.e. G, E and F are present on the placenta and
extra villous membranes (Parham and Ohta, 1996).
MHC class I molecules are heterodimers, consist-
ing of a single transmembrane polypeptide chain
(the α-chain) which is about 44 kD and a β

2
microglobulin is 12 KD protein. The alpha chain
is non-covalently linked with Beta chain (Fig. 2A).
The heavy α chain comprises of domains, α1, α2,
α3 domains, a transmembrane region and a
cytoplasm domain.

In all the three domains 90 amino acids are
present seperately. α2 and α3 domains are linked
with inter chain disulphide bonds. In α3 domains
at position 86, a glycosylated asparagine residue
is situated. In transmembrane region 23 hydro-
phobic amino acid residues are present due to
which α-helical conformation is achieved. To the
C terminal of the membrane arginine and lysine
forms a cluster. These then get linked with the
polypeptide chain in the membrane by interacting
with negatively charged phospholipid groups of
the inner membrane. The hydrophobic cyto-
plasmic domain consists of 30 amino acids; of
which 50 are polar amino acids particularly serine
and some are phosphorylated by a cAMP
dependent protein kinase.

Fig. 1. Gene map of the human leukocyte antigen (HLA) region
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Nomenclature  of  HLA

HLA molecules play central role in the
immunesurveillance hence these are highly
polymorphic in the nature. Conventionally the
HLA typing was dependent on serology and
limited polymorphism but with the advent of
molecular techniques more and more alleles have
been discovered. The total number of known
alleles is shown in the Table1.

The new nomenclature as been established
according to which the first two digits of an allele
name refer to the underlying serological specificity
and the third and fourth digits indicate a specific
allele sequence. For example, HLA-A*0205 and
A*0210 are alleles encoding distinct polypeptides
within the A2 serotype. These two alleles both
encode the epitope recognized by the anti-A2
antisera but have 5 nucleotide differences
elsewhere in exons 2–3 resulting in amino acid
variations. Alleles within a serological group may
vary from each other by a single or by several
nucleotides. For Class II molecules, both the A
and the B genes may contribute to antigen
variability.

Thus a DR15 serotype may be found in an
individual with one of the DRB1*15 alleles such
as DRB1*1501 and DRA*0101. When necessary,
a fifth digit is used to identify silent polymor-
phisms and the sixth and seventh digits are used

Fig. 2. Structure of MHC class I and class II antigens

Generic Antigen or Number of
locus associated  specificity known alleles

Table 1: HLA loci and known alleles

HLA-A A1 to A80 489
HLA-B B7 to B81 830
HLA-C Cw1 to Cw10 266
HLA-E - 9
HLA-F - 20
HLA-G - 23
DRA DR1 to DR18 3
DRB1 - 463
DQA1 DQ1 to DQ9 34
DQB1 - 78
DPA1 DPw1 to DPw6 23
DPB1 - 125

Source: http://www.ebi.ac.uk/imgt/hla/

to denote variation occurring outside of coding
regions, such as the promoter and introns. Null
allele sequences which result in either no or
reduced levels of functional HLA molecules
because of transcription changes, aberrant RNA
splicing, and frame shift and nonsense mutations,
or in frame termination codons are designated by
an allele number appropriate to the group and the
letter N. Individuals with null alleles may have
discrepancies between serological and DNA-
based typing.

Diversity of MHC Alleles

The major histocompatibility complex (MHC)
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loci are known to be highly polymorphic in
humans, mice and certain other mammals, with
heterozygosity as high as 80-90%. These
properties make HLA genes a good candidate for
studying population diversity. Four different
hypotheses have been considered to explain this
high degree of polymorphism:
(1) A high mutation rate
(2) Gene conversion or inter locus genetic

exchange
(3) Over dominant (balancing) selection
(4) Frequency-dependent selection.

The distribution of the pattern of sequence
polymorphism in human and mouse class I genes
provides evidence for four co-ordinate factors
that contribute to the origin and sustenance of
abundant allele diversity that characterizes the
MHC in the species. These include: (a) a gradual
accumulation of spontaneous mutational
substitution over evolutionary time but not an
unusually high mutation rate; (b) selection
against mutational divergence in regions of the
class I molecule involved in T cell receptor
interaction and also in certain regions that interact
with common features of antigens; (c) positive
selection pressure in favor of persistence of
polymorphism and heterozygosity at the antigen
recognition site; and (d) periodic intragenic
(interallelic) and more rarely, intergenic,
recombination within the class I genes.

Evolutionary interplay between mutation and
recombination varies with MHC locus, and even

for subregions of the same gene (Parham and
Ohta, 1996; Hughes and Nei, 1998; Hughes and
Nei, 1989). For example, phylogenetic inferences
based on the exon 2 region of HLA-DRB loci are
complicated by selection and recombination (gene
conversion). Noncoding region analysis may help
clarify patterns of allele evolution usually with
contrasting results to those obtained from coding
region analyzes (Hickson and Rebecca, 1997). The
main source for the variability in the HLA gene
sequences is point mutation but the mutation rate
is by no means higher in the MHC than elsewhere
in the genome (Lawlor et al., 1988, Parham and
Ohta, 1996). Because of trans species poly-
morphism, accumulation of point mutations over
millions of years results in extensive poly-
morphism. In contrast, gene conversions have
produced at least 80 new class I alleles since the
separation of the Homo lineage and the rate of
conversion is much higher than that of point
mutation (Little and Parham 1999; Marsh et al.,
2000) (Fig. 3). Alleles arise from existing alleles
through several postulated.  DRB1*1120 likely
arose via interallelic recombination between
DRB1*1302 and a DRB1*11 allele (Cizman et al.,
1996) DRB1*0811 probably is derived from
DRB1*0802 by a point mutation (Williams et al.,
1994).

Nature of Class I and II Gene Polymorphism

Multiple alleles are found within most of the

Fig. 3. Mechanism of generation of new alleles
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known serotypes, although a few serotypes (an
example is DR9, DRB1*09012) are accounted for
solely by a single allele. For example the B35
serotype has more than 39 alleles. HLA allele
frequencies exhibit ethnic variation, with some
alleles found widely distributed among popu-
lations and others almost exclusively within a
particular ethnic group. The number of different
phenotypes that are possible from all combi-
nations of the known HLA alleles is greater than
the earth’s population. However, the Class I and
II loci reside on a relatively small region of
chromosome 6 and specific haplotypes were
apparently present at high frequencies in
founding populations or were selected for or
against by infectious organisms. In this setting,
linkage disequilibrium results in a significant over
representation of certain haplotypes (Alper et al
1992) (Fig. 4).

Single letter amino acid codes are shown for
DRB1 exon 2 codons 6–94. About half of the
positions are invariant while the remainder
displays polymorphism with a few codons
encoding as many as seven different amino acids.
For example, all DRB1 alleles have glycine
encoded by position 20 while alleles may encode
glycine, valine, or aspartic acid at codon 86. DRB1
alleles arise through the many possible
combinations of these polymorphisms.

Mechanisms Maintaining the Extreme
Polymorphism of the MHC

 1. Pathogen Driven Mechanism

Pathogen-driven selection favors genetic
diversity of the MHC through both heterozygote
advantage (over dominance) and frequency-
dependent selection (Potts and Wakeland, 1993).
Selection is thought to favor rare MHC geno-
types, since pathogens are more likely to have
developed mechanisms to evade the MHC-
dependent immunity encoded by common MHC
genotypes. Six molecular models of pathogen-
driven selection have been presented.
A. Pathogen Evasion Models Escape of a single

T-cell clone recognition
Escape into holes in the T-cell repertoire
produced by T-cells energized by pathogen
variants
Escape into holes in the T-cell repertoire
induced by self-tolerance
Escape of MHC presentation

B. Host-Pathogen Interactions:
Heterozygote advantage
Pathogens bearing allo-MHC antigens
MHC associations with specific infectious

diseases have been difficult to demonstrate. The
best known one is malaria in humans (Hill et al.,

Fig. 4. DRB1 Gene polymorphism (DRB1 locus exon-2 codons)
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1991). Since most infectious agents have multiple
epitopes which MHC has to deal (Fienberg, 1970),
Rather than resistance of specific heterozygous
genotypes to specific. In human heterozygote
advantage have been reported for a specific
genotype in HIV infection (Carrington et al., 1999)
and in HBV infection (Thursz et al., 1997)

2. Non-pathogen Driven Mechanisms

MHC is exploited to discriminate against
genetic similarity at highly polymorphic loci to
avoid inbreeding. MHC-based disassortative
mating would produce heterozygous progeny at
least at the MHC which would result in increased
fitness   (Ober and van der Ven, 1997). Progeny
derived from MHC-dissimilar parents would have
high fitness because of reduced levels of
inbreeding depression and increased resistance
to infectious diseases due to high MHC
heterozygosity. This selection contributes to the
high levels of genetic polymorphism observed at
the MHC loci.

Evidence for Selection on MHC Alleles

1. One important feature of the MHC genes is
that the ratio of non-synonymous (replace-
ment) to synonymous (silent) substitutions
(dn /ds ratio) is very high in the codons
encoding the antigen recognition site of
polymorphic class II molecules compared to
other codons  (Hughes et al., 1994). This
pattern is evidence that the polymorphism at
the antigen recognition sites is maintained by
over dominant selection of which the most
common form is heterozygote advantage. This
kind of selection has been noted for all
expressed DRB genes including DRB3 and
DRB4 (Klein et al., 1991). This feature and the
others such as (1) an extremely large number
of alleles; (2) ancient allelic lineages that pre-
date contemporary species (trans-species
evolution) and; (3) extremely high sequence
divergence of alleles make the MHC a unique
system in the whole genome.

2. The expected number of alleles under
neutrality is far lower than the number of MHC
alleles observed in natural population which
indicates that some form of balancing
(diversifying) selection is also acting (Hedrick,
1983, 1994). For a subdivided population over
a large range of migration rates, it appears that

the number of self-incompatibility alleles (or
MHC-alleles) observed can provide a rough
estimate of the total number of individuals in
the population but it underestimates the neutral
effective size of the subdivided population
(Schierup, 1998; Schierup et al.,  2000).

3. The large number of alleles showing a
relatively even distribution is against neutrality
expectations and indicates that diversifying,
and not simply directional, selection operates
in contemporary populations.

4. The observed deficiency of homozygotes in
humans indicates that selection favors
heterozygotes, because of high immune
response. When the amino acid hetero-
zygosities per site for HLA-A and -B loci were
determined, for the 54 amino acid sites thought
to have functional importance, the average
heterozygosity per site was 0.301. Sixteen
positions have heterozygosities greater than
0.5 at one or both loci and the frequencies of
amino acids at a given position are very even,
resulting in nearly the maximum hetero-
zygosity possible. High heterozygosity is
concentrated in the peptide-binding sites,
whereas the sites that interact with the T-cell
receptor have lower heterozygosity. Overall,
these results indicate the importance of some
form of balancing selection operating at HLA
loci, maybe even at the individual amino acid
level (Hedrick, 1994).

5. The observed linkage disequilibrium among
tightly linked MHC genes suggests that the
strength of selection is uneven within the MHC
(Apanius et al., 1997).

6. Studies in West Africa showed that resistance
against malaria is HLA-B53 associated and this
is the reason for an increased frequency of
B53 in that area. The selection differential for
HLA-B*5301 is estimated to be 0.028 (Hill et
al.,  1991). Apanius et al suggested that MHC
haplotypes can confer resistance to infectious
diseases that outweighs the deleterious effects
from autoimmunity (Apanius et al., 1997).
Another hypothesis for the maintenance of
autoimmune-predisposing MHC haplotypes is
that these alleles protect against initial infec-
tion, but the pathogen triggers autoimmunity
through molecular mimicry.

Allelic Diversity and MHC Evolution

MHC gene families are found in essentially
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all vertebrates, though the gene composition and
genomic arrangement vary widely. Chickens, for
instance, have one of the smallest known MHC
regions (19 genes), though most mammals have
an MHC structure and composition fairly similar
to that of humans. Gene duplication is almost
certainly responsible for much of the genic
diversity. In humans, the MHC is littered with
many pseudogenes.

One of the most striking features of the MHC,
particularly in humans, is the astounding allelic
diversity found therein, and especially among the
nine classical genes. In humans, the most
conspicuously-diverse loci, HLA-A, HLA-B, and
HLA-DRB1, have 489, 830 and 463 known alleles
respectively this allelic diversity is truly
exceptional in the human genome. The MHC gene
is the most polymorphic in the genome. One
remarkable featureof HLA Loci is that many of
these alleles are quite ancient. It is often the case
that an allele from a particular HLA gene is more
closely related to an allele found in chimpanzees
than it is to another human allele from the same
gene.

Phylogenetically the marsupial MHC lies
between eutherian mammals and the minimal
essential MHC of birds, although it is closer in
organization to non-mammals. It’s Class I genes
have amplified within the Class II region, resulting
in a unique Class I/II region.

The allelic diversity of MHC genes has created
fertile grounds for evolutionary biologists
(Arnaiz-Villena et al.,  1999). The most important
task for theoreticians is to explain the evolutionary
forces that have created and maintained such
diversity. Most explanations invoke balancing
selection, a broad term that identifies any kind of
natural selection in which no single allele is
absolutely most fit. Frequency-dependent
selection and heterozygote advantage are two
types of balancing selection that have been
suggested to explain MHC allelic diversity.

HLA and Population Diversity

Since long geneticists are involved in the
Human genetic variation studies among the
individuals forming a species, but the remarkable
extent of this variation was not appreciated until
about 25 years ago (Cavalli-Sforza and Feldman,
2003). Conspicuous human traits like hair and eye
color clearly vary from one individual to the other
in many populations; these differences are easily

perceived by the layman, as are variation in height,
weight, body build, and facial traits, which are
also genetically determined to some extent. Their
hereditary transmission, however, is complex, and
these traits contribute little to understand the
extent of variation. The first example of clear-cut
genetic variation is that of ABO blood groups
which was described at the beginning of the
century (Landsteiner and Levine, 1927).
Dissimilarities between individuals regarding
ABO blood-group variation are due to small
chemical differences between molecules found
at the surface of red blood cells.

The existence of genetic variation among
human population was first demonstrated by
Hirszfeld and Herszfeld (1919), in the first human
gene to be described-ABO that determines the
ABO blood groups (Hirszfeld and Herszfeld,
1919). The subsequent identification of blood
group protein markers like MNS and Rh expanded
the repertoire of polymorphic markers that were
analyzed using immunological techniques.
Pauling et al. (1949), has introduced the electro-
phoresis technique for the analysis of protein
variant among human groups (Pauling et al.,
1949). Dramatic improvements in genotyping
technologies over the past 3 decades, with the
emergence of PCR, have facilitated the develop-
ment of many types of DNA markers. Depending
upon the type these could be STRs, SNPs and
indels, where as based on their chromosomal
origin these could be X, Y, autosomal, and
mitochondrial.

Considerable attention has been devoted to
both uniparental and autosomal genetic markers.
Because of their lack of recombination, uniparental
markers mtDNA and the nonrecombining region
of the Y chromosome are perhaps easier for
tracing maternal and paternal lineages than are
recombining markers (Ingman et al., 2000;
Underhill et al., 2000). Further, regarding the
autosomal markers, recombination may mislead
about their history but simultaneous use of an
array of autosomal polymorphic loci spread across
the genome provides more general inference
about demographic history and population
relationships compared to gender specific markers
of Y chromosome and mtDNA. However, in last 3
decades, with the emergence of PCR, restriction
enzyme technology and sequencing methods has
revolutionized the studies of genetic variation.
Now DNA based markers like RFLPs, Alu
insertions, STRs, SNPs and indels are preferred
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for their neutral aspect of information. Every
molecular marker has certain advantage and
disadvantage. Since the discovery of role of HLA
polymorphism in population diversity these
highly polymorphic and rarely recombining HLA
class I and II loci remained most commonly used
markers in the population studies.

HLA: A Useful Marker for Population Studies

Molecular HLA-typing has proved to be an
invaluable tool in studying the evolutionary origin
of human populations (Arguellolo et al.,  1998;
Luo et al.,  1999;  Albis-Camps and Blasczyk, 1999).
This information, in turn, contributes to the under-
standing of cultural and linguistic relationships
and practices among and within various ethnic
groups. This has become possible due to the
continual discovery of new HLA alleles using
DNA technology which has increased the power
of HLA to distinguish individuals. It has been
postulated that gene conversion events are the
main mechanisms for distributing and reshuffling
sequences among alleles. In addition reciprocal
recombination and point mutations have been
suggested to be responsible for the generation
of alleles over evolutionary time (Mason and
Parham, 1998).

Human past can be read through a history
written in HLA. The HLA polymorphism has
proven to be useful for singling out individuals
and populations. The discoveries of new loci and
presently available DNA typing and sequencing
of new alleles have dramatically increased the
variety of HLA alleles. Certain alleles are frequent
only in specific populations e.g. A36 and A43 in
African – Americans. Strong linkage disequili-
brium between HLA neighboring loci demons-
trates that certain combinations of contiguous
alleles (HLA haplotypes) also occur more
frequently in a population compared to others.
(Gottelli et al.,  1994; Paetkau and Strobeck, 1994;
Taylor et al., 1994). They can be used to estimate
effective population size and to gain insight into
the degree of population substructure including
both the amount of migration between subpopu-
lations (Gottelli et al.,  1994) and genetic relation-
ships among the various subpopulations (Bowcock
et al., 1994; Estoup et al., 1996; Bamshad et al.,
2001).

Some indigenous populations (e.g. groups of
Native Americans or from Papua New Guinea)
show a very restricted diversity of alleles at DRB1

as well as other HLA loci (Inman and Rudin 1997).
The extensive polymorphism of the major
histocompatibility complex (MHC) genes in
humans and the differential allelic distribution in
ethnic populations of varied origin has been major
focus of immuno genetic research. The presence
of certain alleles with high frequency only in
specific populations (e.g. A36, A43 African
Americans) and the strong linkage disequilibrium
between HLA neighboring loci, demonstrates
that certain combinations of contiguous alleles
(HLA haplotypes) show a characteristic fre-
quency or are distinctive in certain living
populations (Browning and McMichael, 1996).
The wide range of allelic diversity and the
conserved combinations of different alleles are
used as genetic markers and anthropological data
is based on the information supplied by
population studies (Saruhan-Direskeneli et al.,
2000). Population studies indicate that there are
many alleles and DR-DQ haplotypes that appear
to be specific for given ethnic group. The
existence of ancestral haplotypes implies conser-
vation of large chromosomal segments.

The extra ordinary power of this small segment
of the human genome clusters population in a
manner expected from linguistic, anthropological
and archaeological evidences. Sequences reveal
a dramatic level of diversity. Species specific
residues i.e. residues that identify a MHC mole-
cule as belonging to a particular species, are
extremely rare. In contrast, species unique
residues i.e. residues that were not characteristic
of a species are unique to individuals of that
species appear somewhat more frequently. The
allele frequency distributions and patterns of
variability within the molecule, suggest strong
selective forces acting on class II loci and I. The
form of selection is unknown and potential
selective mechanisms should be examined in the
light of classical population genetic theory, which
states that it is very difficult to maintain so many
alleles even with strong balancing selection. Thus,
HLA variability at the level of DNA is useful in
unraveling the evolutionary relationships bet-
ween populations and in investigating the
evolutionary forces which shaped the genetic
profiles of contemporary populations (Inman and
Rudin, 1997).

The HLA polymorphisms have been created
because of balancing selections, which maintain
a few allelic lines over very long period (Harpending
et al.,  1998). The extensive variation in HLA
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markers makes the system highly useful for
determining genealogical relationships between
populations. Monsalve et al. in 1999 have
successfully compared the relationship between
linguistic and genetic data in Native Americans
and Asian populations (Monsalve et al.,  1999).
They have concluded that gene flow and genetic
drift are important factors in shaping the genetic
landscape of Native American populations. The
results are most congruent with the single
migration model. In addition the understanding
of the events contributing to MHC class II
evolution requires comparison of species that are
very closely related.  The distribution of alleles in
different populations can be used to construct a
matrix of genetic distances between populations
and a phylogenetic tree or unrooted network in
order to examine the historical / evolutionary
relationships between these groups.

The high polymorphism, tight linkage among
loci and the random association of alleles make
the system of particular interest from the
perspective of population genetics. Information
on the dynamic evolutionary forces that have
acted on a locus can be inferred from the number
and distribution of alleles that it carries. The major
histocompatibility complex (MHC) is unique in
the number of highly polymorphic loci spread over
such a small chromosomal region. This creates a

context for interpreting HLA region variation in
both evolutionary and in clinical terms. The
extensive allelic variation among the HLA class I
and class II genes distinguishes these as the most
polymorphic coding sequence.

It is known that HLA Class II is highly
polymorphic as at DRB1 locus 463 alleles, at DQA1
locus 34 alleles and at DQB1 locus 78 alleles have
been identified worldwide. The world map as per
different continents is shown in Figure 5.

Various alleles of class II are widely distributed
in different continents of worlds like Asians,
Europeans, Africans, Americans and Australians.
Our study (unpublished data) has also shown
high diversity of HLA class I and II alleles among
Indian populations. This is in accordance to other
studies on different world populations (Sanchez-
Velasco et al.,  2003, Zhou et al.,  2005, Lee et al.,
2005, Farjadian et al.,  2006, Abdennaji et al.,  2006).

Thus it could be concluded that the amalga-
mation of the genotypic and haplotypic organi-
zation of HLA Class II loci is able to decipher
vital information about the amount, pattern and
distribution of genetic variation in different
populations. The perspective correlation of the
genetic profile of studied populations with the
past human movements and other historical
records facilitated determination of their genetic
ancestry/origin.

Fig. 5. World map showing different continents
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ABSTRACT Human Leukocyte Antigen (HLA) loci widely known for their role in generation of immune responses
are often considered to be effective in reconstructing human phylogenies due to high degree of polymorphism and
rarity of recombination observed at HLA loci. In this review, we have made an attempt to discuss the role of HLA in
immune response. Further we have tried to highlight the evolutionary significance of HLA diversity. The reason of
high degree of HLA diversity is because of gene conversion and recombination. These evolutionary forces lead the
HLA molecule to be most the most suitable marker to study the population diversity.
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