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ABSTRACT Four hundred and fourteen unrelated
Gujarathi speaking Hindu people residing in Murnbai,
Plaharastra, (Western India) were sudied for HLA A, B, C
and D locus antigen profiles. The phenoiypic frequencies
of HLA AL, A2, A9, All, Al4, BS, B35, B40, Cw4, DRZ,
DR, DR4, DRS and DRT were increased while frequencies
of HLA ALD, A19, A26, AZE A9 Bl4, Bl6, B8, B2,
B22, B27, BT, Cwl, DHEI, DR6 and DRY were decreased
in the Gugarathd speaking Hindus. The genotype frequencies
af HLA A3, A9, BIE, B2I, B22, B40, DRI and DRS wers
increzsed while that of A 1%, A28, BT, B13, B35, Cwl, Cw2,
Cwl, DRI, DRG and DRY were decreased when compared
with gene frequencies of other Indian Hindu populations re-
ported. Two Locus haplotype analysis revealed that A1-B17,
AlD-BE and A19-B12 were common Indian Hindu

where as A3-H1H, A9-B5, A24-BS5 and Al |-B62
were umique for the Cuparathi Hindus. Haplotype A2-Ba4d
observed m Gujarathi Hindus were also observed among
South Indian Hindus, while All-B35 have been obgerved
among immigrant Indian Hindus. Another AJ-BT
reporied from both south Indian and north Indian Hindus
was nol observed in Gujarathi Hindus. Significant negative
linkage disequilibrium was ohserved for haplotype A1-B35
in Gugarathi Hindus. Thus the observed antigen frequencies
and linkage disequilibrium in Gujarsthi Hindus suggest the
infleence of genetic drift caused by selection, geography and
cuhure. Further the study reveals that the Hindu population
of India cannot be considered as a single panmiciic popula-
tion with reference o genctic characiensiics

INTRODUCTION

India is thought to have been one the site of
earliest human settlements. Subsequently the
region has been subjected fo successive waves
of immigration and mvasions from the Middle
East, Central Asia and Mongolia, contributing
to the present day gene pool (Bhasin et al., 1994).
Risely (1969) was the first to study the “racial
types” in Indian population. Malhotra (1978) de-
scribed the Western and Southern Indian popu-
lation as Australoid or Proto-Australoid ele-

ments. The present-day population is a panorama
of social, cultural and ethnically distinct (Papiha,
1996). The population exhibits not only a wide
variety of ethnic but also great cultural and lin-
guistic diversity. With regard to the linguistic
map, the Greater India (before 1947 partition)
was divided into five major linguistic families
viZ.; Iramian, Indo-Aryvan, Austro-Asiatic,
Tibeto-Burmese and Dravidian languages, The
Dravidian speaking population from South and
Central India were believed to be the descend-
ants of original inhabitants (Fuchs, 1973;
Haimendorf, 1948). The social structure is gov-
emed by a large number of religious groups.
Eighty two percent of Indian population is Hin-
dus, while the other minor religions include
Christians, Sikhs, Buddhists, Jains and Muslims,
Mumerous endogamous ethnic groups delineate
within each linguistic or religious group based
on biological and socio-cultural characteristics,

Maharastra, the Western state of India, lying
between 74° - 78" E longitude and 18° - 20° N
latitude with Mumbai as its capital city consists
of 32 districts. Hindus form 81.94% of the popu-
lation while others are Muslims (B.4%3), Chris-
tians { 1.42%), Buddhists (6.48%), Shikhs (0.2%)
and Jains {1.64%) (Dikshit, 1986). The greater
part of Maharastra is drained to the Bay of Ben-
gal by two major rivers, the Godavari and the
Krishna. The rest drained to the Arabian Sea by
either Tapi River or Konkan stream emerging
from Western Ghais, The Hindus distributed over
Maharastra speak Hindi, Marathi, Gujarathi,
Kannada, Tamil, Malayalam, Telugu etc., the of-
ficial language being Marathi and pray Hindu
Giods, Gujarathi speaking Hindus studied here
represent a single large intra-marrying ethnic
group of the Indian subcontinent.
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Several workers have conducted numerous
studies on the genetics of various populations
iri India. Literature have been reported on blood
groups, red cell enzymes and scrum protein
polymorphism's (Bhatia and Rao, 1986; Bhasin
et al,, 1992). The HLA system, most polymor-
phic and complex set of genetic markers known
in man, is of valuable significance in anthropo-
logical studies (Dausset, 1981). Distribution of
HLA antigens in various ethnic groups of the
world have been reported {Baur and Daniloves,
1980; Imanishi et al., 1992). Few reports are
available on immigrant Indian population
(Singal, 1972; Mittal et al., 1982) and regional
Hindu populations (Raha, 1975; Pitchappan et
al., 1984; Mehra et al.,, 1986; Selvakumar et al.,
1988). However data is rather scanty from west-
em part of India (Papiha, 1996). Therefore we
felt that it is worthwhile to investigate the dis-
iribution of HLA antigens in this Gujarathi
speaking Hindu population.

MATERIAL AND METHODS

Blood samples from random 414 healthy
unrelated Gujarathi speaking Hindus from
Mumbai were studied for HLA -A, -B, -C and -
DR Locus antigen profiles. Ten to fifteen
milliliters of venous blood (in heparin 50 1LY
ml) was collected in a sterile tube from each in-
dividual, The lymphocytes were isolated by den-
sity gradient centrifugation on Histopague
(Boyum, 1968). HLA A, B, C and DR locus an-
tigens were identified by NIH two - stage
Microlymphocytotoxicity assay (Terasaki and
MeClelland, 1964) using T cells for class I typ-
ing and B cells isolated by a miniature nylon
wonl column for class IT with a longer incuba-
tion period. A total of 190 antiserum were used
for defining 17 specificities for HLA A locus,
29 for HLA B locus, B for HLA C locus and 10
for HLA DR locus antigens. The antisera were
commercial (Biotest, Germany; Behring, Ger-
many Pelfreez, USA) in origin. The ryping tray
included & minimum of three antisera for each
supertypic specificity. The phenotype frequency
(FF). gene frequency (GF). standard error of
gene frequency (SEGF), haplotype frequency
(HF). Co-efficient of linkage dizequilibrium
{Delta) and t values were calculated following
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the methods deseribed by Baur and Daniloves
{1980).

Table 1: HLA A, B, T and DR antigens in Gujarathi
speaking Hindu population Mumbal, |ndia

HLA antgens N+ BaPE ®WGF  SEGF
WN=414

Al 130 34 17.2 1.4
Al 103 4.9 13.3 1.3
Al El 19,6 10.3 i1
Al 137 331 18.2 1.5
Al 56 13.5 7.0 n9
Al (L1 242 1249 .2
Al 62 15.0 T8 1.0
A23 0 0.0 0.0 [121]
A4 134 324 17.8 1.5
A28 a i} 0.0 LX)
A2 55 133 6.9 (X
AZER 54 13.0 (%) (iR
AZQ k] 07 0.4 0.2
A3 19 4.6 2.3 0.5
Al 0 0.0 o 0.0
A2 14 14 1.7 0.5
Al 25 6.0 3 0.6
A s 13.6

B3 4% 6.0 200 1.6
B7 44 1.6 535 0.8
B2 k) Bo 4.6 07
B2 [ 1549 E3 1.0
Bi3 21 51 16 (UL
B4 4 1.0 0.5 0.2
B15 42 101 32 0B
Blo 5 1.2 0.6 0.3
B17 T 18.4 LR 1.1
Bl 27 6.5 11 0.6
B21 6 63 32 0.6
B22 26 [ 32 0.6
B27 13 il 1.6 0.4
B35 o3 22.5 1% 1.2
Bi7 B 1.9 1.0 0.3
BB 3 07 0.4 0z
Bi9 2 0.5 0.2 0.2
B0 104 251 13.5 1.3
B4 62 150 T8 1.0
B 15 X6 1.5 5
BS0 f |4 0.7 0.3
51 £l 87 4.4 0.7
Bs2 3 0.7 4 0.2
B34 [i] 0.0 LR 0.0
B35 4 0.5 (13 0.2
B56 I 19 20 0.5
B62 14 g2 4.2 0.7
H63 1] LEY) (L1 0.0
B- By 11.1 0.0
Cwl 5 1.2 (LX) 0.3
Cwl 11 27 1.3 0.4
Cwl 57 13.8 71 0.9
Cwd 126 4 166 .4
Cws 20 48 24 0s
Cwiy 1R 4.3 2.2 0.5
Cw7 16 19 2.0 o5
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Table 1: Contd.....

HLA maiigens N+ WPF WGF SEGF
Cw7 16 i 10 0.5
Cwk 1] 0l o 0.0
= 4]

DRI 10 5.2 27 0.8
DR2 73 8.2 2.4 14
[¥R3 59 A0.9 16.9 z1
R4 1K 3.4 17.2 2.1
DRSS 6l 3.4 17.2 21
¥R 4 Z.1 1.1 0.5
[T Eli] 34 17.2 21
[¥RE 1] 0.0 0.0 00
)15 i 0.5 3 0.3
DRI 1] 0.0 0.0 0.0
DiR- fil] 204

2048+ = Mumber positive lar the allebe, % PF = Percent-
age Phenolype Frequency,
% GF = Percentage Genotype Frequency, SGEF = Stand-

ard Emor of Genoiype Frequency.

RESULTS AND DISCUSSION

The results on HLA A, B, C and DR antigen
frequencies and standard error of gene frequen-
cies in 414 unrelated healthy Gujarathi Hindus
are presented in Table:1 The antigen frequen-
cies of HLA Al, A2, A9, All, A24, B5, B35,
B, Cwd, DR2, DR, DR4, DRS and DR were
increased while HLA A10, A19, A26, A28 A29,
B14, B16, B18, B21, B22, B27, B37, Cwl, DRI,
DR6& and DRE9 were decreased. HLA A23 (9),
A25 (10), A31 (19), B45 (12), B63 (15), B54
{22), splits, as well as Cw8, DRE and DR10 an-
tigens were not identified in the Gujarathi Hin-
dus as in the case of those earlier studies of
mixed Indian population and caste groups (Baur
and Daniloves, 1980; Imanishi et al., 1992). The
comparizon of HLA A, B, Cand DR gene fre-
quencies in Gujarathi Hindus with different In-
dign Hindus are presented in table 2. The gene
frequencies of HLA A3, A9, B18, B21, B22,
B40, DR3 and DR5 were found to be increased
in Gujarathi Hindus . The frequencies of HLA
AlS, A2E BT, B13, B15, Cwl, Cw2, Cwi, DRI,
DE6 and DR were found to be decreased in
them when compared to other Hindus reported
{Raha, 1975; Pitchappan et al., 1984; Mehra et
al., 1986; Selvakumar et al,, 1988). Table 3
presents 3 comparison of two locus haplotype
frequencies and linkage disequilibrium of
Gujarathi Hindus along with the identified
haplotypes and linkage disequilibrium in other
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Indian Hindu populations reported. It is inter-
esting to note that haplotypes A3-B18, A9-BS,
A24-B5 and A11-B62 had high delta and sig-
nificant t values were unique to the Gujarathi
Hindus and is virtually absent in other Indian
Hindus reported. Haplotype A3-B7, absent in
Gujarathi Hindus was observed in North and
South Indian Hindus, while A2-B40 observed
in Gujarathi Hindus was also observed in only
South Indian Hindus. Haplotypes A1-B22, A19-
B35, A3-BS and A28-B5 were unigue for South
Indian Hindus, while A1-B37, Al-B63, Al0-
Bl6, A29-B12 and A30-B13 were unique for
MNorth Indian Hindus. The hplotypes A1-B17,
Al0-BE and A19-B12 had significant t values
and is observed in all the Hindu populations of
India reported. Most of the newly identified and
defined WHO Nomenclature for HLA antigens
1998 (Bodmer et al., 1999) have not been tested
in these populations.

Theorsetically high polymorphism of a gene
can occur due to mutation rate, selection, genetic
hitchhiking or a combination of all the thres
{Kaufmann, 1996). Studies of various human
population using PCR based typing have re-
vealed the extent of allelic diversity in HLA class
I loci (Apple and Erlich, 1996) . In addition
these data have been used to generate hypoth-
esis about the nature of selective forces operat-
ing on the HLA loci to elucidate the pattern of
human evolution and migration. Worldwide
most populations contain only 20 to 30 alleles
in a HLA loci although over 100 alleles have
been identified. Earlier population studies have
indicated that there are many alleles and
haplotypes that appear to be specific for a given
population group. Indigenous populations or
caste groups show a very restricted diversity of
alleles at a particular HLA loci consistent within
a population ( Trachtenberg et al., 1995). Moreover
specific alleles found uniguely in a particular in-
digenous group may have been generated by point
mutation or gene conversion from the ancestral
allele after the group separated from the other
groups ( Titus-Trachtenberg et al., 1994). Multi-
ple polymorphic alleles in a population are main-
tained at appreciable frequencies due to either
overdominance (heterozygous advantage), fre-
quency dependent sclection or other selective
force (Elrich et al., 1991). Both selective forces
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Talle I: Gene Frequencies (in percentage) of Gujaraihi
Hindus compared with other Indian Hindus

HLA Guperarhl  Nindipgr  Elodien Irdian
Himdus  Himdws™  Himdes®  Hindus ®
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Table 2: Contd.....

(N o= A1) N = A0 [N = 3RS (N = T3
Al 17,20 14,50 1310 20,60
a2 13,3 10, 1 4] 10,50
A3 10,30 5.0 .30 7.00
A0 18.20 14.50 16.72 14,00
A21 (L0 MT WT .40
A4 17.80 NT MT 13,60
A5 ] NT NT {00
A2 .4 NT NT (.
Add NT NT NT MT
Abb WT NT NT MT
Al 12490 13.80 16,57 1450
Al T.E0 | B.40 I1.58 NR
A2D 0.40 210 NT 1.50
A 2.30 1.50 MWT 1.80
Adl (.00 210 MT 1.1
Al2 1.70 5.00 MT 290
Al KN 2.00 MT 1200
AT4 MNT NT MT MT
AR @70 7.5 .58 .00
AGR NT NT WT WT
A9 NT NT MNT NT
Al NT NT MNT 0,00
Adl NT NT MHT NT
ARLA- 1360 MR 289 4,90
B3 20000 1 6 (al} 18.14 14. %)
B3 4.40 MNT MNT 7.50
R3z .40 WT MT B4
b7 550 b 50 1012 LT
B8 400 440 .84 LT
Bi2 8.30 9.0k 534 10T
B44 T.80 .50 MT 10 3y
B44 0.0 1.30 MWT 0. T
Bl 240 4. (K] 103 3.3
Bl4 050 .00 013 040
B WT NT WT NT
BGS NT NT WT WT
BlI3 5.0 .90 589 .30
B2 am 540 WT 330
B63 0.0 150 WT 330
B75 NT NT MT NT
BTG NT WT MT NT
B77 NT WT NT NT
i (A0} 1.10 0,34 .20
R .40 (&0 WT 1.80
B9 0.20 050 NT 0.40
n7 Q.60 7B 1z 14.00
Hs7 NT MT NT 12.40
H58 NT NT NT 1.50
HIE .30 2.20 0.52 .60
B2l 120 330 177 0.70
B4 1.50 0,70 NT .00
RS0 0.370 250 NT 070
bl 120 290 250 110
54 (.00 MT NT 0,40
RS55 0.20 WT NT o
56 2.00 HWT NT NT
B2t 1.60 300 0.9l [ ]
Bis 11.90 14,50 1027 17.00

HiLA Cgfaraill Mimdfan  Siedion Inifinn
Hindus  Hiedws™  Hindus®  Hindus*"
(N = d0d) (N =400 (N =385 (W=118)
B3i7 1.0 2,40 NT 3.30
B40 13,50 1220 B.12 910
B0 NT NT NT 2.60
Bi&l MNT MNT WNT 1.80
B | MT 0.3 NT 110
B4l MT 0.13 NT .00
Bkt MT MT MT NT
B47 MNT NT NT MT
B8 MT MNT HT MT
B53 MT NT N 0.70
B39 NT NT MT MT
B&7 MNT NT MNT NT
B0 NT NT MT T
BT MNT NT MNT HWT
B2 MNT NT MT NT
B73 NT NT MT NT
B7% NT NT NT NT
BRI N ™ TH MNT
B- 10.10 ME 17.57 |4
Cwl .60 2.0 1.7H 1.10
Cw? 1,30 2.0 2499 070
Cwl 710 8,40 1245 700
Cwd .60 B.90 2254 EX-
Cws 2.40 0.20 0.59 330
Cwib 2.0 1.80 13.23 2.20
CwT 2.00 MR 13.4] 0. (K
Cwi 0n M 1.1% 0.0
Cw- 68,00 ME nm 69,90
N=13] M=134 =] 1%
D#R1 2.7 73 NT 4.5
DE2 214 7.2 MNT 19.4
DE3 16.9 14.0 NT 6.8
DEA 129 14.0 NT B.7
DS 17.2 12.3 T 7.5
DR L1 9.4 HT 24
DRT 7.2 1.9 NT 2006
DRE 0.0 0.4 NT 48
RS 0.3 1.5 NT 18
DRI 0.0 1.1 NT I8
DR- 200 MR NT 13.1

i Mehra et al 19868 Pichappan et al 1984, * Minal et
al., 1982
MT = Not Tested, NR = MNoi Reported,

and a high rate of germline diversification are in-
volved in the evolution of HLA allelic diversiry.
Among HLA class II alleles of recent origin, ob-
served in human populations some may be thou-
sands of years old, while most of them may be
millions of vears old (Ayala et al., 1994).
Thus & newly arisen favorable variant allele
might co-exist with the parental allele rather
than replacing it when selective forces favoring
diversity is operating. Recently in the South In-
dian population mewer HLA alleles like BTE,
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Table 3: Haplatype frequencies nnd significant linkage
disequilibrium identified in Gujarathi Hindus
compared with oiher Indian Hindu population

Haplotype HF  Delra {4 rvalue® 3
Gujarathi Hindus (M = 414}
Al-BI1T 46.7 303 457 Mh.06
A2 - Bad 133 14.2 219 4,86
A10 - B35 364 210 13 1148
Al9-B12 114 16.1 15 1749
A% - B44 121 a7 265 1533
Al - BE 12.5 9.2 238 Q.04
Ad-1H1E 1.3 R 217 6,940
AL .35 03 230 273 T8
ALl - BG2 15.2 2.8 232 6,497
A24 - 15 0.7 214 2.537 6.2
A6 - BE 12.6 2.3 2.41 10.0%
Al - R3S 52 -152 =244 598
Sauth Indion Hindus® (N=185)
Al =BI1T7 422 H.5 4-5 MR
AL - BT 216 152 34 MR
AlD - BE 9b 10,3 2-3 MR
Al -B35 233 12.0 2.3 MR
Al - Bad 3000 16.8 2-3 MR
Al = B2 6.8 14 . NR
Ald-H12 14.5 .6 MR
AR - BS 218 o NR
Ald- B 29 =26 NR
Al - B5 . 2.2 . M
Ad BT 4 a4 MR
AZE - BIS - -5.3 - MR
AlD-BTH 55 -5.8 MR
Morth indian Hindus © (M= 400)
AlD-BS Mah o 1824 MR S48
AL - BR 15.63 13.84 MR 40.03
AY=R7 18.01 12.14 MR 9.76
A - B T B b.41 MR 0.47
AlD. B2 KRR 17.52 MK g4
Al - BT 12.25% 875 MR B08
Al - Bl 9,24 704 MR 7.91
AlD-Blb 4,68 4.07 MR T.90
AT - B4 29,60 15.70 NE T.45
Al -BIT 25,20 1384 MNE .53
AZD - R12 7.67 50 ME 588
Immmigrant Indian Hindus *(M= 138)
Al -BIT BEO0 30000 4.3 MR
Al - 37 BL00 56000 42 MR
Al -BYY 2000 2200 17 L
Ald- BR o0 20.0p L5 el
A2G - BE 22.00 20 L5 MNHE
AL Fdd 00 2700 1A MR
Ald-RI2 o 2600 14 MR
All - BS 3000 2800 23 MR
AT - BA3 2000 1600 r A | MR
A4 - BiGD 2000 1600 el | MR
All - B35 3200 27.00 el | ME

* Pitchappan et al 1984; = Mehra et al 1986; " Minal et al
1982;

HF = Haplotype frequency per 10040,

Dielia = Linkage disequilibrium per 100

% = Significant negative linkage disequilibrium.

*= {walue = 2 indicates positive for Delia.

MR = Mol Reporied
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B5102, and B3506 have been identified to co-
exist with other alleles (Tait et al., 1998).

One of the characteristic properties of HLA
diversity in human population is the phenom-
enon of linkage disequilibrium, the non-random
association of particular alleles at HLA loci.
Certain haplotypes are very much more frequent
than any other combination of alleles. Strong
linkage disequilibrium between closely linked
loci may be due to lack of cross - over between
the loci and more likely selection for a particu-
lar combination of allele (Apple and Elrich,
1996), In principle population admixture may
also create linkage disequilibrium patterns but
that is unlikely 1o account for extensive
disequilibrium observed in human populations.
Thus elucidation of the extended haplotypes in
the Gujarathi Hindu population by molecular
typing for newly identified antigens will reveal
the HL.A allelic diversity and enable to identify
newly arisen favorable variant alleles co-exist-
ing in the population,
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