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Abstract: Two major religious groups of India were studied, viz. Hindu and Muslim. The survey was confined
to 1059 individuals of Aligarh city (UP). Households were selected on random a priori basis during day time by
door to door contact. Muslims populations were Syed, Sheikh, Pathan, Ansari and Hindus were Brahmin, Bania,
Rajput, Jatav. Gene frequency, allele frequency, heterozygosity, genetic identity and genetic distance were
calculated for A A BO and Rh markers and on the basis of the survey of these 1059 individuals dendrogram1 2

was constructed between the different populations studied. The coefficient of gene differentiation relative to
total population i.e. G  is 0.0166 for A A BO and 0.0355 for Rh. The dendrogram was constructed usingST 1 2

UPGMA method. Higher castes were found to be closer, Syed and Sheikh are closest while Brahmin and Rajput
are most distant population groups.
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INTRODUCTION determination. It is this that explains the importance of

The population of Aligarh comprises Hindus, of human populations, as well as variations among them
Muslims, Sikhs and Christians. Hindus comprises [4-8].
Brahmins, Thakurs, Jats, Banias and Balmikis. Muslims The  blood  group  antigens  are  of  clinical
comprise Syed, Sheikh, Moghal, Pathan, Ansari and Saifi. importance in blood transfusion, organ transplantation,
Till date, no attempt has been made to study the genetic autoimmune haemolytic anemia and fetomaternal blood
variability among such groups of individuals. The genetic group incompatibility. There is more than one systematic
polymorphism present among the different population sub method for blood classification; one of these methods is
groups of Aligarh and the effect of Natural Selection and the ABO system. In human, majority of cell types
stochastic process might be responsible for the investigated have A, B or O antigen on their surfaces.
maintenance of this genetic polymorphisms using blood This includes some tissues like platelets [9] lung tissues
groups (A A BO, Rh) [1-3]. Human blood, considered as [10], intestinal mucosa [11], mucous cells, epidermis,1 2

vital fluid for centuries, has come to occupy a vital place nervous receptors and vascular endothelium [12]. The
in the study of human genetics as it is the most readily frequency of the usual ABO phenotypes (A , A , B, A B,
available tissue, which provides an array of discontinuous A B and O) varies between different populations [13, 14].
polymorphic,  serological  and biochemical characters. It ABO allele frequency was determined by alot of
is an established fact that most of the serological and researchers in Asian, African and European population
biochemical characters have a distinct hereditary [15-20].
mechanism and so it is desirable that the biological Our aim was to investigate the genetic and
variability be measured in terms of traits whose precise biochemical variation among two main communities of
mode of inheritance is known. Moreover, they are North Indian population, viz. Hindus and Muslims by
generally determined at the time of conception and are using blood group markers to find their genetic structure
least affected by external environment after their and differentiation. 

serological markers in understanding the genetic structure
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MATERIALS AND METHODS red blood cells in the slide constituted a positive test

Collection of Sample: The survey was conducted from to the absence of agglutination in the test with the Rh
May 2010  to  August  2010  in Aligarh. The Aligarh city negative control. No agglutination of the red blood cells
of Uttar Pradesh (U.P.) is situated between latitude 27°28 constituted a negative test result and indicated the
and 28°10  north and longitude 77°29  and 78°36  east. absence of the D antigen.
The total area is 34.05 km2. Aligarh has almost a dry
climate throughout the year. During the winter, Gene Frequency and Diversity Estimation: Using genetic
temperature is very low, though frost is not of frequent markers, the allele frequency was calculated and further
occurrence, or of great intensity; the mean temperature in the relationship and the extent of variation were calculated
December and January, the coldest month, is around 8°C. by using the allele frequency data. Genetic variation was
The summer is decidedly hot. The maximum temperature estimated by calculating average heterozygosity or the
of the district is 44°C. The district receives normal annual gene diversity. Average heterozygosity (H) is defined as
rainfall of 594.1 mms. Households were selected on the average proportions of the heterozygotes per locus in
random a priori basis during day time by door to door randomly mating populations. Hi = 1 - Ji (Hi = gene
contact by volunteers. This included inhibitants of the diversity, Ji = gene identity). The average gene diversity
city having known biradaris, i.e. populations studied are within S number of subpopulations is: Hs = 1 - Js (Hs =
Syed, Sheikh, Pathan, Ansari (Muslims) and Brahmin, Average heterozygosity, Js = Average homozygosity).
Bania, Rajput, Jatav (Hindus). Slide agglutination method Genetic differentiation is the measure of genetic variability
was followed. Clean slides were marked as A and B and as and was calculated by using allele frequencies by the
positive. One drop each of the antisera A and B was put method of Nei [22]. The average gene frequencies of all
on each slide. The finger of the individual was punctured sub populations were the representative of the entire
after alcohol wash and a drop was put on each antisera population and the gene diversity of the total population
and reaction noticed. Agglutination with anti A, showed (H ) was calculated by H = H  + D Where H  is the
A group, with anti-B showed the B group, with both A average gene diversity within the sub population and D
and B, it showed AB and with neither of these showed O is the average gene diversity between the sub
groups [21]. populations. The coefficient of gene differentiation

Subtypes of ABO: Anti-A , lectin is purified extract of the = D / H Finally, the genetic distance i.e. the extent of1

seeds of Dolicos biflorus containing a gene differences (genomic differences) between
phytohaemagglutinin (lectin) which agglutinates human populations was calculated by the Nei's standard Genetic
red blood cells only of the subgroups A  or A B. Blood Distance (D), D = - log  I (I = Genetic Identity) [23]. The1 1

collected with or without an anticoagulant was used in the matrix of standard genetic distances was prepared and the
testing procedure. 10% suspension of red cells in dandrogram was constructed, using Phylip Version 3.67
physiological saline was prepared. On a slide (at room software (UPGMA) method [24].
temperature) one drop of Anti-A  lectin was placed. After1

mixing well and 2 minutes, agglutination was observed. RESULTS
Agglutination is a positive test result for the presence of
human blood groups A and A B. The weaker subgroups The results of A A BO and Rh loci are presented.1 1

of A (A , A , A B, A B, etc.) were not agglutinated. The phenotypes were counted and gene frequencies were2 3 2 3

Positive and negative controls were included in the test. determined as Hardy-Weinberg law. 

Rh (Anti-D (Anti-Rh ) Test Method): A blood sample is Phenotypic Frequencies:o

classified as ”Rh-positive” or ”Rh-negative” according to For A A BO: Of the 1059 samples tested, the blood group
the presence or absence of the antigen D. Screening test O is the widest (i.e. 30.69%), the second one is A
for the Rh typing may be made by the slide. One drop of (24.64%), then A B (20.21%), then B (18.88%), then A
anti-D on a warm (approx.45°C) slide and 2 drops of whole (3.97%) and the smallest one is A B (1.60%). The
blood were placed. After mixing thoroughly with an frequency of phenotypes for this marker for the entire
applicator stick over an oval area approximately 20mm X group follow the trend, i.e. O>A >A B>B>A >A B. For
40mm. Agglutination was observed. Agglutination of the the  different  populations, the Brahmins and Jatavs show

result and indicated the presence of the D antigen, subject

T T S ST, S

ST

relative to the total population (G ) was calculated by GST ST

ST T.

e
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Table 1: A A BO blood groups among different populations of Aligarh, India 1 2

A A B A B A B O1 2 1 2

Populations Tested No.(%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)
Muslims Syed 135 45 4 20 26 0 40

-12.75 (33.33) (2.96) (14.81) (19.26) (0.000) (29.63)
Sheikh 160 40 7 32 35 1 45

-15.11 (25.00) (4.37) (20.00) (21.87) (0.62) (28.13)
Pathan 130 34 3 20 30 2 41

-12.27 (26.15) (2.31) (15.38) (23.09) (1.54) (31.54)
Ansari 118 21 5 18 31 4 39

-11.14 (17.79) (4.22) (15.24) (26.27) (3.39) (33.05)
Hindus Brahmin 138 33 10 31 22 5 37

-13.03 (23.91) (7.24) (22.46) (15.94) (3.62) (26.81)
Bania 106 22 2 24 20 2 36

-10.01 (20.75) (1.89) (22.64) (18.87) (1.89) (33.96)
Rajput 134 35 5 25 30 1 38

-12.65 (26.12) (3.73) (18.65) (22.39) (0.75) (28.35)
Jatav 138 31 6 30 20 2 49

-13.03 (22.46) (4.35) (21.74) (14.49) (1.45) (35.51)
Combined 1059 261 42 200 214 17 325

(24.64) (3.97) (18.88) (20.21) (1.60) (30.69)

Table 2: Rh Phenotypes among different populations of Aligarh
Populations No. Rh (+ve)No.(%) Rh (-ve) No. (%)
Syed 135 116 (85.92) 19 (14.07) 
Sheikh 160 135 (84.37) 25 (15.62)
Pathan 130 114 (87.69) 16 (12.31)
Ansari 118 102 (86.44) 16 (13.56)
Bania 106 95 (89.62) 11 (10.37)
Brahmin 138 129 (93.47) 9 (6.52)
Rajput 134 105 (78.35) 29 (21.64)
Jatav 138 112 (81.15) 26 (18.84)
Total 1059 908 (85.74) 151 (14.26)

Table 3: Allele frequency of A1A2BO blood gropus among different populations of Aligarh
Populations  I I I I°a1 a2 b

Syed 0.2410 0.0924 0.1223 0.5443
Sheikh 0.2144 0.0919 0.1633 0.5304
Pathan 0.1928 0.1220 0.1234 0.5616
Ansari 0.1315 0.11735 0.1201 0.5749
Bania 0.1281 0.1196 0.1696 0.5827
Brahmin 0.1778 0.1203 0.1841 0.5178
Rajput 0.1965 0.1180 0.1531 0.5324
Jatav 0.1580 0.0854 0.1607 0.5959
Total 0.1813 0.1146 0.1501 0.5540

the   trend,   O>A >B>A B>A >A B,   Sheikh,   Pathans Allele Frequencies:1 1 2 2

and Rajput O>A >A B>B>A >A B; Ansari For A1A2BO: For allele frequency I° is highest, while I1 1 2 2

O>A B>A >B>A >A B;  Bania  O>B>A >A B>A =A B is the lowest. All the populations follow the trend I1 1 2 2 1 1 2 2

>I >I >I (Table 3).1 1 2 2

group O  has  highest  frequency  while A B  has  the2

least (Table-1). For Rh: The allele frequency of D is 0.6224 and that of d

For Rh: The Rh -ve phenotype frequency observed
14.26%, which varies from 6.52% among Bramins to Heterozygosity: The pooled heterozygosity for A A BO
21.64% among Rajputs (Table 2). is found to be 0.6245 and for Rh it is 0.4700 (Table 5).

a2

o

and   Syed A >O>A B>B>A >A B   (Table   1).   The a1 b a2

is 0.3776 (Table 4).

1 2
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Table 4: Allele frequency of Rh among different populations of Aligarh

Populations D d

Syed 0.6249 0.3751
Sheikh 0.6048 0.3952
Pathan 0.6493 0.3507
Ansari 0.6319 0.3681
Bania 0.6780 0.3220
Brahmin 0.7446 0.2553
Rajput 0.5348 0.4652
Jatav 0.5660 0.4340

Total 0.6224 0.3776

Table 5: Observed heterozygosities at A A BO and Rh loci in different populations of Aligarh.1 2

Populations A A BO Rh1 2

Syed 0.6221 0.4688
Sheikh 0.6376 0.4780
Pathan 0.6173 0.4554
Ansari 0.6240 0.4652
Bania 0.6009 0.4366
Brahmin 0.6519 0.3804
Rajput 0.6405 0.4975
Jatav 0.5868 0.4913

Total 0.6245 0.4700

Table 6: Gene diversity analysis for individual loci in eight populations of Aligarh

Locus D H H GST T S ST

A A BO 0 .0105 0.6321 0.6207 0.01661 2

Rh 0.0169 0.4761 0.4592 0.0355

Table 7: Genetic Distance Matrix among different populations of Aligarh

Populations Syed Sheikh Pathan Ansari Bania Brahmin Rajput Jatav

Syed - 0.0017 0.0025 0.0165 0.0119 0.0200 0.0060 0.0099
Sheikh - - 0.0039 0.0159 0.0108 0.0218 0.0062 0.0056
Pathan - - - 0.0113 0.0043 0.0125 0.0151 0.0384
Ansari - - - - 0.0122 0.0271 0.0186 0.0157
Bania - - - - - 0.0082 0.0254 0.0454
Brahmin - - - - - - 0.0485 0.0386
Rajput - - - - - - - 0.0043
Jatav - - - - - - - -

Gene Diversity: The measures of gene diversity are Genetic   Distance:    The    Nei’s     genetic    distances
presented in Table 6. The values of Hs (average gene are   given    in    table    7,    which   is   given   in  the
diversity within the populations) are found to be 0.6207 matrix   form. On   the   basis   of   their  genetic
and 0.4592 for both the loci viz.A A BO and Rh distances,   dendrogram   was   constructed   using1 2

respectively, while average gene diversity between the UPGMA   method.    The    Syed     and     Sheikh    form
populations (D ) is 0.0105 for A1A2BO and 0.0169 for Rh. one  cluster,  which  joins  with  Pathan.  Bania  andST

Again, the total average gene diversity (H ) is 0.6321 and Brahmin form  one  cluster,  Jatav  and  Rajput  formT

0.4761 for A A BO and Rh. The coefficient of gene another  one,  which  join   with   the   cluster   of  Syed1 2

differentiation relative to total population i.e. G  is 0.0166 and Sheikh, whereas all these clusters join with AnsarisST

for A A BO and 0.0355 for Rh (Table 6). (Fig. 1).1 2
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Fig. 1: Dendrogram  showing  genetic  relationships
among different Hindu and Muslim populations of
Aligarh.

DISCUSSION

India has a complex ethnic history and different
climatic and ecological zones. It offers a rich field for the
study of genetic differentiation process in man and also
for the analysis of factors responsible for considerable
genetic variability observed among its various
populations. The Indian population is divided into a large
number of groups with different languages, religions,
castes and tribes. Throughout the ages, many population
groups have migrated toward North Eastern and North
Western routes. A look at the ethnic history of India
reveals that Indians belong to two different categories:
the Dravidians (aborigines) and the Aryans or Sanskrit
speaking group (with mixed groups known as the
Musalmans). The caste system with its language, state
and religious base, hence the caste differentiation, can be
studied mainly from these three points of views. In North
India the state of Uttar Pradesh is historically important
because of its old centers of population, learning and
administration [25]. The genetic affinity of Indians to
Europeans is proportionate to their caste rank, the upper
castes being most similar to Europeans, whereas lower
castes are more like Asians. According to a 2006 study by
Thanseem et al.  [26] of the Centre for Cellular and
Molecular Biology (India) "the vast majority (>98%) of the
Indian maternal gene pool, consisting of Indo-European
and Dravidian speakers, is genetically more or less
uniform", while the invasions after the late Pleistocene
settlement    might    have    been    mostly   male-mediated.

The study concluded that the "lower caste groups might
have originated with its hierarchical divisions within the
tribal groups, with the spread of Neolithic agriculturalists,
much earlier than the arrival of Aryan speakers" and "the
Indo-Europeans established themselves as upper castes
among this already developed caste-like class structure
within the tribes." The study indicated that the Indian
caste system may have its roots much more before the
arrival of the Indo-Aryan immigrants; a rudimentary
version of the caste system may have emerged with the
shift towards cultivation and settlements and the
divisions may have become more well-defined and
intensified with the arrival of the Indo-Aryan.

We have studied the patterns of gene differentiation
between populations, the genetic distances and the
relation of heterozygosity between populations. The
extent of genetic divergence (G ) varies considerablyST

from locus to locus. Gene diversity is the most important
measure of genetic variability of a population and can be
related to the number of codons different per locus [27].
The higher heterozygosity was observed A A BO loci1 2

i.e.0.6245 for all the populations whereas in the Rh it was
found to be. 0.4847. 

Thus it appears that the differentiation with respect
to various loci has been quite different in the populations.
The value of G  in A A BO (0.0166) gives an estimate ofST 1 2

the degree of genetic differentiation present among
different populations for A A BO locus the1 2

heterozygosity is highest among Brahmins i.e. 0.6519 and
lowest among Jatavs i.e. 0.5868 and for Rh locus, highest
among Rajputs (0.4975) and lowest among Brahmins
(0.3804).

The genetic distance between the Syed and Sheikh
was the lowest (0.0017) and that between the Rajput and
Bania was the highest (0.0485). The dendrogram shows
that the Ansari differentiated from other population
groups.

CONCLUSION

From present study it has been concluded that
Ansari and Pathan are older populations of Aligarh city,
North India and are different from other populations, while
Syed and Sheikh are closer to each other and have least
genetic distance (0.0017) among all the populations
studied. The most genetically distant populations are
Brahmin and Rajput (0.0485) followed by Bania and Jatav
(0.0454). It was found that the values of genetic distance
between Hindu populations is very high as compared to
Muslims, it is may be due to the caste system among
Hindus is very rigid while among Muslims, there is no
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caste system as such but Biradaris are there because 11. Takeya, A., O. Hosomi and M. Ishiura, 1990.
Islam does not distinguish among the groups on any
material grounds, occupational and social isolation may
have led to their differentiation over many generations,
including the differences in their gene pools.
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