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Role of Human L eukocyte Antigensin Sudying
Population Diversity
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INTRODUCTION

Themajor histocompatibility complex (MHC)
isadense complex of geneswithimmunological
and non-immunological functionsand is present
inall vertebrates. In humansit isknown ashuman
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 theHLA antigensarelocated on the short arm
of chromosome 6 in the band 6p 21.3 (Apanius
etal., 1997). It containsapprox 4 million nuclectide
pairs and contains approx 200 genes The MHC
complex is divided into three subgroups called
MHC class|, MHC class |1, and MHC class l11.
The MHC class | genes are further divided into
classical and non classical. The classical class|
genes are located telomeric in the complex and
encode the a-chain of the antigen-presenting
HLA-A, -B and-Cmolecules. HLA-E, Fand Gare
termed nonclassical genes and are juxtaposing
theclassical class| 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 || 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
Il region contains many genes with different
functions. Among the geneswithintheMHC are
more than 20 loci encoding proteinsinvolved in
binding and presentation of the peptide degra-
dation products of proteinsto the T cell antigen
receptor (Fig. 1).

Regarding the evolution of these genesthere
isnot adefinite candidate for the primordial MHC
gene. According to one hypothesis the class 11
MHC evolved first (Hughes and Nei, 1992)
whereas another hypothesis holds that the class

| MHC originated first as aresult of arecombi-
nation between animmunoglobulin-like C-domain
and the peptide-binding domain of an HSP70
heat-shock protein (Flgjnik et al., 1991). A
phylogenetic analysis supports a relationship
between the class Il MHC alpha chain and beta
2-microglobulin and between the class || MHC
beta-chain and the class | apha chain (Hughes
and Nei, 1992). Most evidence supports the
hypothesisthat the ancestral MHC molecule had
a class Il-like structure and it gave rise to the
class| molecule (Hughesand 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 mouseit isH-2 (Histocom-
patibility System—2), in rabbitsitisRLA (Rabbit
L eukocyte antigens), in Guinea Pig it is GLA
(GuineaPig leukocyte antigens), in Chimpanzee
itisChLA (Chimpanzee LeukocyteAntigen) and
inCattleitisBoLA (Bovine LeukocyteAntigens).

In humans the most intensely studied HLA
genesarethenine so-called classical MHC genes:
HLA-A,HLA-B,HLA-C,HLA-DPAL, HLA-DPB1,
HLA-DQAL HLA-DQB1, HLA-DRA, andHLA-
DRBL1. The A, B, and C genes belong to MHC
class |, whereas the six D genes belong to class
Il.

The MHC molecules have avital rolein 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, wherethey display short polypeptides
to T cells, viathe T cell receptors (TCRs) (Janeway
and Travers, 1997). The polypeptides may be sdlf,
that is, originating from a protein created by the
organismitself, or they may beforeign, originating
from bacteria, viruses, pollen, etc.

The immune system has another and equally
important method to identify antigen: B cellswith
their membrane-bound antibodies, also known as
B cell receptors (BCRs). However, whereas the
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Fig. 1. Gene map of the human leukocyte antigen (HLA) region

BCRsof B cellscan bind to antigenswithout much
outside help, the TCRs of T cells require
“presentation” of the antigen. It is important to
realize that, during the vast mgjority of thetime,
MHC is kept busy presenting self-peptides,
which the T cells should appropriately ignore. A
full-force immune response usually requiresthe
activation of B cellsviaBCRsand T cellsviathe
MHC-TCRinteraction. All MHC moleculesreceive
polypeptides from inside the cells they are part
of and display them on the cell’sexterior surface
for recognition by T cells. However, there are
major differencesbetween MHC classl and Il 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 hiologists, dueto the high levels of
alelic diversity found within many of its genes

CLASS FICATION OF HLA
MHC Class|

MHC class | is further categorised in to
classical and non classical antigens. MHC class|
classical antigensi.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 cellsarealso devoid of classical class|
antigens. Thenon classical MHC class| antigens
i.e. G E and F are present on the placenta and
extravillousmembranes (Parham and Ohta, 1996).
MHC class| moleculesare heterodimers, consist-
ing of asingletransmembrane polypeptide chain
(the a-chain) which is about 44 kD and a 3,
microglobulinis12 KD protein. Theaphachain
isnon-covaently linked with Betachain (Fig. 2A).
Theheavy a chain comprisesof domains, a1, a2,
a3 domains, a transmembrane region and a
cytoplasm domain.

In al the three domains 90 amino acids are
present seperately. 02 and a3 domainsare linked
withinter chain disulphidebonds. Ina3 domains
at position 86, aglycosylated asparagineresidue
is situated. In transmembrane region 23 hydro-
phobic amino acid residues are present due to
which a-helical conformationisachieved. Tothe
C terminal of the membrane arginine and lysine
forms a cluster. These then get linked with the
polypeptide chaininthemembraneby 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 cCAMP
dependent protein kinase.
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Fig. 2. Structure of MHC class | and class Il antigens

Nomenclature of HLA Table 1: HLA loci and known alleles
) Generic Antigen or Number of
HLA molecules play central role in the locus associated specificity known alleles
immunesurveillance hence these are highly HLA-A A1 to A80 489
polymorphic in the nature. Conventionally the HLA-B B7 to B81 830
HLA typing was dependent on serology and ~ H-A-C Wl to GwiD 268
limited polymorphism but with the advent of o - 20
molecular techniguesmoreand moredlleleshave  HLA-G - 23
been discovered. The total number of known ngl DR1 to DR18 46?31
alelesisshowninthe Tablel. -
The new nomenclature as been established Bgéll DQl to DQA %‘

accordingtowhichthefirsttwodigitsof analele  ppa1 DPw1 to DPw6 23
namerefer totheunderlying serological specificity  DPB1 - 125

and thethird and fourth digitsindicate aspecific
allele sequence. For example, HLA-A* 0205 and
A*0210 aredlelesencoding 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. Alleleswithin aserological group may
vary from each other by a single or by severa
nucleotides. For Class || 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 allelessuch
asDRB1*1501 and DRA*0101. When necessary,
a fifth digit is used to identify silent polymor-
phisms and the sixth and seventh digits are used

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 inframetermination 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

Themajor 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

propertiesmake HLA genesagood candidate for

studying population diversity. Four different

hypotheses have been considered to explain this

high degree of polymorphism:

(1) A highmutation rate

(2 Gene conversion or inter locus genetic
exchange

(3 Over dominant (balancing) selection

(4) Freguency-dependent selection.

The distribution of the pattern of sequence
polymorphism in human and mouseclass| genes
provides evidence for four co-ordinate factors
that contribute to the origin and sustenance of
abundant allele diversity that characterizes the
MHC inthe species. Theseinclude: (a) agradual
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 | molecule involved in T cell receptor
interaction and alsoin certain regionsthat 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 | genes.

Evolutionary interplay between mutation and
recombination varieswith MHC locus, and even

Inter allelic Recombination
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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 analysismay help
clarify patterns of allele evolution usually with
contrasting resultsto those obtained from coding
region analyzes (Hickson and Rebecca, 1997). The
main source for the variability in the HLA gene
sequencesis point mutation but the mutation rate
isby no meanshigher inthe MHC than el sewhere
in the genome (Lawlor et a., 1988, Parham and
Ohta, 1996). Because of trans species poly-
morphism, accumul ation of point mutations over
millions of years results in extensive poly-
morphism. In contrast, gene conversions have
produced at least 80 new class| 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). Allelesarisefrom existing alleles
through several postulated. DRB1*1120 likely
arose via interallelic recombination between
DRB1*1302andaDRB1*11 dlele(Cizmanetal.,
1996) DRB1*0811 probably is derived from
DRB1*0802 by apoint mutation (Williamset al .,
1999).

Natureof Classl and |1 GenePolymor phism

Multiple aleles are found within most of the
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Fig. 3. Mechanism of generation of new alleles
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known serotypes, although a few serotypes (an
exampleisDR9, DRB1*(09012) are accounted for
solely by a single dlele. For example the B35
serotype has more than 39 aleles. HLA dlele
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 theknown HLA allelesisgreater than
the earth’s popul ation. However, the Class | and
[l 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 resultsinasignificant 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 allelesmay encode
glycine, valine, or aspartic acid at codon 86. DRB1
alleles arise through the many possible
combinations of these polymorphisms.
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M echanismsM aintainingthe Extreme
Polymor phism of theMHC

1. Pathogen Driven Mechanism

Pathogen-driven selection favors genetic
diversity of the MHC through both heterozygote
advantage (over dominance) and frequency-
dependent sel ection (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 asingle

T-cell clonerecognition

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 oneismalariain humans (Hill et al.,
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Fig. 4. DRB1 Gene polymorphism (DRB1 locus exon-2 codons)
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1991). Since most infectious agents have multiple
epitopeswhich MHC hasto deal (Fienberg, 1970),
Rather than resistance of specific heterozygous
genotypes to specific. In human heterozygote
advantage have been reported for a specific
genotypeinHIV infection (Carrington et al ., 1999)
andinHBV infection (Thursz et ., 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 inincreased
fitness (Ober and van der Ven, 1997). Progeny
derived from MHC-dissimilar parentswould have
high fitness because of reduced levels of
inbreeding depression and increased resistance
to infectious diseases due to high MHC
heterozygosity. This selection contributesto the
high levels of genetic polymorphism observed at
theMHCloci.

Evidencefor Selectionon MHC Alleles

1 One important feature of the MHC genesis
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 Il molecules compared to
other codons (Hughes et al., 1994). This
pattern is evidence that the polymorphism at
the antigen recognition sitesis maintained by
over dominant selection of which the most
common formisheterozygote advantage. This
kind of selection has been noted for all
expressed DRB genes including DRB3 and
DRB4 (Kleinetal., 1991). Thisfeatureand the
others such as (1) an extremely large number
of alleles; (2) ancient alelic lineagesthat pre-
date contemporary species (trans-species
evolution) and; (3) extremely high sequence
divergence of alelesmakethe MHC aunique
system in the whole genome.

2 The expected number of alleles under
neutrality isfar lower than the number of MHC
alleles observed in natural population which
indicates that some form of balancing
(diversifying) selectionisalso acting (Hedrick,
1983, 1994). For asubdivided population over
alargerange of migrationrates, it appearsthat
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the number of self-incompatibility aleles (or
MHC-alleles) observed can provide a rough
estimate of the total number of individuasin
the population but it underestimatesthe neutral
effective size of the subdivided population
(Schierup, 1998; Schierupetal., 2000).

3. The large number of alleles showing a
relatively even distributionisagainst 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-
zygositiesper sitefor HLA-A and -B loci were
determined, for the 54 amino acid sitesthought
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 agiven 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. Overal,
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 selectionisunevenwithintheMHC
(Apaniuseta., 1997).

6. Studiesin West Africashowed that resistance
against malariaisHLA-B53 associated and this
is the reason for an increased frequency of
B53inthat area. The selection differential for
HLA-B*5301 isestimated to be 0.028 (Hill et
al., 1991). Apaniuset a suggested that MHC
hapl otypes can confer resistance to infectious
diseasesthat outweighsthe del eterious effects
from autoimmunity (Apanius et al., 1997).
Another hypothesis for the maintenance of
autoimmune-predisposing MHC haplotypesis
that these alleles protect against initial infec-
tion, but the pathogen triggers autoimmunity
through molecular mimicry.

Alldlic 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 mammal's have
an MHC structure and composition fairly similar
to that of humans. Gene duplication is amost
certainly responsible for much of the genic
diversity. In humans, the MHC is littered with
many pseudogenes.

One of themost 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
conspicuoudy-diverseloci, HLA-A, HLA-B, and
HLA-DRBL1, have489, 830 and 463 known alleles
respectively this allelic diversity is truly
exceptional inthe human genome. The MHC gene
is the most polymorphic in the genome. One
remarkable featureof HLA Loci is that many of
these allelesare quite ancient. It is often the case
that an allelefrom aparticular HLA geneismore
closely related to an allele found in chimpanzees
than it isto 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. I1t’s Class | genes
have amplified withinthe Class|| region, resulting
inaunique Class|/II region.

Thealldicdiversity of MHC geneshascrested
fertile grounds for evolutionary biologists
(Arnaiz-Villenaet a., 1999). Themost important
task for theoreticiansisto explain the evolutionary
forces that have created and maintained such
diversity. Most explanations invoke balancing
selection, abroad term that identifies any kind of
natural selection in which no single alele 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 Diver sity

Since long geneticists are involved in the
Human genetic variation studies among the
individualsforming aspecies, but theremarkable
extent of thisvariation was not appreciated until
about 25 years ago (Cavalli-Sforzaand Feldman,
2003). Conspicuoushumantraitslikehair and eye
color clearly vary from oneindividual to the other
in many populations; thesedifferencesareeasily
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perceived by thelayman, asarevariationin height,
weight, body build, and facial traits, which are
also genetically determined to some extent. Their
hereditary transmission, however, iscomplex, and
these traits contribute little to understand the
extent of variation. Thefirst 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 thefirst human
gene to be described-ABO that determines the
ABO blood groups (Hirszfeld and Herszfeld,
1919). The subsequent identification of blood
group proteinmarkerslike MNS and Rh expanded
the repertoire of polymorphic markersthat were
analyzed using immunological techniques.
Pauling et al. (1949), has introduced the el ectro-
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, havefacilitated the devel op-
ment of many typesof 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
markersmtDNA 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 polymorphicloci 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, inlast 3
decades, with the emergence of PCR, restriction
enzyme technol ogy 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. Sincethediscovery of roleof HLA
polymorphism in population diversity these
highly polymorphic and rarely recombining HLA
classl and 1 loci remained most commonly used
markers in the population studies.

HLA: AUseful Marker for Population Sudies

Molecular HLA-typing has proved to be an
invaluabletool in studying the evolutionary origin
of human populations (Arguellolo et a., 1998;
Luoetd., 1999; Albis-Campsand Blasczyk, 1999).
Thisinformation, inturn, contributesto 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 hasincreased the power
of HLA to distinguish individuals. It has been
postulated that gene conversion events are the
main mechanismsfor distributing and reshuffling
seguences 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. Thediscoveriesof new loci and
presently available DNA typing and sequencing
of new alleles have dramatically increased the
variety of HLA aleles. Certain allelesarefrequent
only in specific populationse.g. A36 and A43in
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 etal., 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 etal., 1994) and genetic relation-
shipsamong the various subpopul ations (Bowcock
et a., 1994; Estoup et al., 1996; Bamshad et al.,
2001).

Some indigenous populations (e.g. groups of
Native Americans or from Papua New Guinea)
show avery restricted diversity of allelesat DRB1
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aswell asother HLA loci (Inman and Rudin 1997).
The extensive polymorphism of the major
histocompatibility complex (MHC) genes in
humans and the differential allelic distributionin
ethnic populations of varied origin hasbeen major
focus of immuno genetic research. The presence
of certain aleles 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-
guency 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 a.,
2000). Population studies indicate that there are
many allelesand DR-DQ haplotypesthat appear
to be specific for given ethnic group. The
existence of ancestral haplotypesimplies conser-
vation of large chromosomal segments.

Theextraordinary power of thissmall sesgment
of the human genome clusters population in a
manner expected from linguistic, anthropol ogical
and archaeological evidences. Sequences reveal
a dramatic level of diversity. Species specific
residuesi.e. residues that identify aMHC mole-
cule as belonging to a particular species, are
extremely rare. In contrast, species unique
residuesi.e. residuesthat 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
selectiveforcesactingonclassll loci and I. The
form of selection is unknown and potential
sel ective mechanisms should be examined in the
light of classical population genetic theory, which
statesthat it isvery difficult to maintain so many
alleleseven with strong balancing selection. Thus,
HLA variability at the level of DNA isuseful in
unraveling the evolutionary relationships bet-
ween populations and in investigating the
evolutionary forces which shaped the genetic
profilesof contemporary populations (Inman and
Rudin, 1997).

The HLA polymorphisms have been created
because of balancing selections, which maintain
afew dldiclinesover very long period (Harpending
et a., 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 areimportant factorsin 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 Il
evol ution requires comparison of speciesthat are
very closely related. Thedistribution of alelesin
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 alocus can beinferred from the number
and distribution of alelesthat it carries. Themajor
histocompatibility complex (MHC) isuniquein
the number of highly polymorphicloci spread over
such asmall chromosomal region. Thiscreatesa

North ~Te
America”
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context for interpreting HLA region variationin
both evolutionary and in clinical terms. The
extensiveallelic variation among the HL A classl|
and class || genesdistinguishesthese asthe most
polymorphic coding sequence.

It is known that HLA Class Il is highly
polymorphicasat DRB1locus463dlees a DQAL
locus34 dlelesandat DQB1locus 78 aleleshave
been identified worldwide. Theworld map as per
different continentsis shown in Figure 5.

Variousdldesof classll arewidely distributed
in different continents of worlds like Asians,
Europeans, Africans, Americansand Australians.
Our study (unpublished data) has also shown
highdiversity of HLA classl and |l alelesamong
Indian populations. Thisisin accordanceto other
studies on different world popul ations (Sanchez-
Velascoeta., 2003, Zhou et ., 2005, Leeetd.,
2005, Farjadianetd., 2006, Abdenngji et d., 2006).

Thus it could be concluded that the amalga-
mation of the genotypic and haplotypic organi-
zation of HLA Class |1 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
recordsfacilitated determination of their genetic
ancestry/origin.

Asia

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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