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ABSTRACT

Distribution of ABO blood groups, Rh, PTC taste ability and colour blinness was investigated among twelve
endogamous populations of Terai belt (Indo-Nepal border) of Bihar, who belonged to different castes and ethnic
groups with different migrational history. The phenotypic and gene frequencies of four common loci show wide
differences between the populations. In general, group B is dominant over group A, but in four populations
(Badhiya, Kulhayya, Mushar and Tharu) group O was prevalent. Rh- negative frequency was highest among Bania
and lowest in Tharu. Frequency of non taster was highest among Tharu and lowest in Oraon. The incidence of red-
green blindness was lowest in Santal and highest in Mushar. The pooled heterozygosity was highest (0.545) for ABO
locus and lowest for colour blindness (0.055).The average heterozygosity value varies in between 0.228 among the
Tharu and 0.420 among the Bania. The studied populations share low Gst value i.e. 0.020, which is almost
negligible. The dendrogram depicts bifurcation of the population groups into two lines: one line leading to Tharu
alone and the other line leads to Santal and other populations. The other line bifurcates again into Muslim and a
bunch of populations. This bunch of populations includes Mushar, Rajbanshi, Chamar, Brahmin, Oraon, Munda,
Dhobi, Bania, Kulhayya. Muslims share more or less proximal ancestor. From the genetic distance analysisthere is
some evidence of close genetic relationship among the population groups belonging to same region, irrespective of
their caste, religion, linguistic or any other affinities.
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INTRODUCTION

Humans are product of biology as well as cultureé always strive for better life. People do not tedsi to leave
their motherland for foreign land which assuresrttigetter standard of living. Thus people migratef one zone
to another for better life and food opportunity.tBiuring the course of migration as well as adamtato the new
zone, they have to face a lot of difficulties. Whatp the migrating populations to resist with thelgseases and to
adapt in the new zone? It is their genetic strectmay be considered to make them able to copebutten of
migration as well as to adapt them in the new zos®, study of genetic structure of populationofigreat
importance in knowing their adaptation as well gsie relationships.

Genetic variability is the common feature of mamgamisms. The modern human populations carry iim genes,
the encoded history of remote past and earlier atimn history. Human populations differ geneticalyvarying
proportions of the alleles of various sets. Humawlogical variations are related to the ethnic awmblogical
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background of the population. The genetic simiksitwithin the population show the common origin tbe

admixture of gene pool. The existence of genetitatian in man is caused by many factors along withection,
migration, gene flow and genetic drift. Populatiafighe same ethnic origin living in different geaghical regions
appear to show variation in biological charactemsoag them. A population is characterized by a degeme

frequencies. Hence, the gene frequency data azetedprerequisite for studying the genetics of population.

The Indian population is structured into 40,000 agaimous groups, of which 37,000 groups belong g¢oHimdu
caste system [1]. Hindu population constitutes ldmgest community and the second largest is thesliku
population. The Indian population also includes ddinMuslims, Christians, Sikhs, Jains, Buddhistd &arsis.
Throughout the ages many population groups haveateid toward India along north eastern and nortkteva
routes [2]. A look at the ethnic history of Indiaveals that Indians belong to two different catexorthe
Dravidians (aborigines) and the Aryans or Sandpéaking groups (with mixed groups known as the dfnans
[2]. The caste system in India has its origin ia tlerna system, with its language, state, andioelgbase; hence
caste differentiation can be studied from theseehpoints of views [3]. The caste system reflebts lindian
occupationally and religiously defined hierarchies.

North Bihar in East India has been populated stheeancient times (5000B.C.) and it was centrewaf great
historical dynasties of the Maurya and Gupta ruiersidia. During the recent time there have bemresal waves
of migration from the neighbouring states into Térat of Bihar. The present population of the stahs a diverse
mixture of old stock endogamous populations belogdgo a common origin and recent heterogeneous|atqs
of different neighbouring states. From the genptimt of view, the Terai belt of Bihar representsiasaic pattern
of gradients of homozygosity and heterozygosityhie same region, which could be explained primadilg to
ethanohistorical reason, rather than geographieadipity. As majority of population of this zoneeamigrant of
some other places and nothing is known about tiemetic makeup as well as ethnic relationship hsopresent
work was undertaken.

MATERIALS AND METHODS

Population and sample collection

Terai belt of Bihar is an agricultural zone. Ecomcally it is a backward zone. It was full of jungleand was

popularly known as the ‘Paradise of Hunters’. Onpen a time, it was called as ‘Kala Pani’ due $obiad climatic

condition. But after earthquake of 1934, there walsastic change in its climatic condition and raigm of people

from different corners of the country started. Slowbanization and industrialization begins. ldd sense, there
is a drastic change in environmental condition$ti#d studied populations have migrated from Baagsh, Nepal

as well as from the neighbouring state of India.

Blood samples were collected from 3331 unrelatetk nmadividuals from 12 endogamous populations: Brath
Bania, Mushar, Dhobi, Chamar, Rajbanshi, Santap®rMunda, Tharu, Badhiya and Kulahayya Muslimisidj in
and around different villages in Terai belt of Bih@nly four Mendelian traits were considered fog present study
due to lack of proper laboratory facilities and rieals. These were ABO blood groups, Rh system, RBR
ability and Colour blindness.

The sample varies from 175 males in Dhobi to maxinti®9 males in Badhiya Muslim. The 12 populatioakhg
to four different (caste) groups:

A) Forward caste — Brahmin

B) Backward caste — Bania

C) Scheduled castes — Mushar, Chamar, Dhobi ajizhRshi
D) Scheduled tribes — Santal, Oraon, Munda andurha
E) Muslims — Badhiya and Kulhayya

Laboratory Analysis

i) The standard methodology was followed for thetedtion of the ABO blood groups by slide aggluiima
method using anti A and anti B. Rh blood group detected by slide agglutination method using anti D

ii) Phenyl thiocarbamide (PTC) taste ability wasds¢éd using method of Harris and Kalmus, 1949aaf4] colour
blindness was detected by using Ishihara, 195%cqlates [5].
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Satistical Analysis

Phenotypes were recorded for each trait. The altelguencies were calculated according to Mousamad., 1976
[6]. Heterozygosity for a given locus was calculiatesing the genotype frequencies (for heterozygmstype).
The level of Heterozygosity was calculated usirgfirmula:

(i) H=1-% Xi?

Gene diversity was calculated using Nei ‘s, 197]3nfiéthods of gene diversity analysis in sub divipegulations

[7].
(i) HT =HS + DST

Genetic distance (D) was determined using Nei's 18V ®rmula. The normalized identity of gene beémnehe X
and Y with respect to all loci is defined as folbNei, 1972 :

(iv) I=laN1?®

(v) D=-1n

The dendrogram was drawn as per UPGMA clusterintoake
RESULTS

Phenotypic frequency

In the ABO blood group the most frequent blood Ba&3.44%) followed by O (31.95%) and A (25.63%)o&l
group AB was least frequent (8.98%). The frequenifcthis marker in  present studied population ¥easd to be
B>0O>A>AB (Tablel). Blood group A manifested highest freaquyein Brahmin and Oraon while in Bania, Chamar,
Santal, Munda, Dhobi and Rajbanshii blood groupad® dominant. In Badhiya, Kulhayya (Muslim), &har and
Tharu blood group O was found highest. The higfregiuency of Rh- was found in Bania (15.8%) andimimm in
Tharu (0%). In other populations the frequency bf Ranges from 0.57% to 4.93% (Table — 1). Thedesgy of
PTC non taster was highest in Tharu (58.9%) winilether populations it ranges from 28.7 to 47.7%e hcidence
of colourblindness ranged from 1.7 to 15.8% beiigdnést in Mushar (5.8%) and lowest in Santal (0.6%) .

Allele frequency

The distribution of allele frequencies among theditd populations are given in the Table — 2. Orhas the
highest frequency of A (0.263) while Munda hashighest frequency of B with 0.345. Both Chamar Kanthayya
Muslim have the least A with each 0.14. In cas8 allele, Tharu has the least frequency with 0.14% Dallele
varies from 0.442 among the Mundas to 0.666 ambed haru. All populations showed trend 8#I°>1* - The Rh
D allele was maximum in Tharu and minimum in Bafiable — 2). Chamar manifested highest frequenallefe
T (taster) while Tharu manifested its lowest frague The frequency of non taster gene was more 50&f in all
studied populations (except Chamar and Rajban$hi@. allele frequency of colour blindness was maximia
Mushar and minimum in Santal

Heterozygosity

The Table — 3 provides the heterozygosity and fioieft of genetic differentiation (Gst) among tk&udied
populations. The pooled heterozygosity was hig{es545) for ABO locus and lowest for colour blindse
(0.055).The average heterozygosity value varigseimveen 0.228 among the Tharu and 0.420 amongah&Bin
overall, the average heterozygosity lies below @tich indicates the studied populations are mordess in
equilibrium and homogenous. (The studied populatisimare low Gst value i.e. 0.020, which is almeasgligible.
The low Gst value among the studied populations lmaraccounted either on the basis of sharing a @mm
geographical location or a common genetic substraithere the studied populations might share theesira
population.

Genetic distance

The Table — 4 provides the Nei's genetic distamedrix among the studied populations. Neighboumidg tree
(NJ tree) based on Nei's distance is given in degidim depicts bifurcation of the population groinis two lines:
one line leading to Tharu alone and the other liagls to Santal and other populations. The other tifurcates
again into Muslim and a bunch of populations. Tiisich of populations includes Mushar, Rajbanshiar@ér,
Brahmin, Oraon, Munda, Dhobi, Bania, Kulhayya Moms(share more or less proximal ancestor).
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Table — 1: Frequency of ABO blood groups, Rh, PTCan taster and red-green blindness in studied poputens of Terai belt of Bihar

Population| Numbe A B AB o Rh | PTC non tastef Red-green blind
Badhiya 0o | 1L | 170 35 193 14 178 14
21.8%) | (33.5%) | (6.8%) | (38%) | 2.7%) | (34.98%) 2.7%)
- o0 |3 70 28 56 30 58 9
(18.9%) | (36.8%) | (14.7%) | (29.5%) | (15.8%)|  (30.5%) (4.7%)
80 150 15 123 11 69 8
Chamar 368 | o17%) | (a0.8%) | (a1%) | 33.4%) | (2.9%) |  (18.7%) (2.2%)
Kuhayya | aoa | .50 82 30 142 15 98 11
(16.4%) | 27%) | 9.8%) | (46.7%) | 4.9%) |  (32.2%) (3.6%)
T oo | 103 81 35 106 8 82 19
31,7%) | (25.0%) | (10.7%) | (32.6%) | (2.46%) |  (25.2%) (5.8%)
- o0 |50 37 15 88 0 112 6
26.5%) | (19.1%) | (8.0%) | (46.4%) | 0.0%) |  (58.9%) (2.63%)
96 141 45 68 2 118 6
Santal 350 | 57.406)| 403%)| (13%) | (19.3%) | (0.6%) | (33.8%) (1.7%)
onda oz |52 90 24 36 9 68 11
25.7%) | (44.5%) | (11.9%) | (17.9%) | 4.4%) |  (33.7%) (5.4%)
oraom oz |70 60 22 50 1 55 9
(34.6%) | (29.7%) | (10.9%) | (24.8%) | G.9%) |  (27.2%) (4.4%)
b - 55 69 15 36 10 83 10
(31.4%) | (39.4%) | (8.6%) | (20.6%)| (5.7%) |  (47.4%) (5.7%)
) 72 54 15 67 15 60 4
Brahmin 208 | 3a6m)| (26%) | (7.2%) | 32.2%) | (7.2%) |  (28.8%) (1.9%)
Rapanshi | 308 | 79 110 20 99 14 62 6
25.6%) | (37.7%) | (6.5%) | (32.2%) | 45%) |  (20.1%) (1.9%)

Table — 2: Allelic frequencies of different genetienarkers in twelve population groups of Terai beltof Bihar

Population ABO Rh PTC Color blindness$
A B O D D t T C C
B. Muslim | 0.156| 0.227] 0.617 0.16 0.834 0.591 0.400.028 | 0.972
Bania 0.183| 0.299 0.518 0.39f 0.6p3 0.853 0.447 470)0 0.953
Chamar 0.14| 0.261 0599 0.178 0.827 0433 0.667 220|00.978
K. Muslim | 0.14 | 0.202] 0.658 0.222 0.718 0.5p8 0.43R.036 | 0.964
Mushar 0.24| 0.197 0568 0.15f 0.843 0.502 0.498 580)0 0.942
Tharu 0.187| 0.147 0.666 0 1 0.768 0.232 0.026 0.p74
Santal 0.229 0.318 0.453 0.07%6 0.924 0.581 0/4190170, 0.983
Munda 0.213| 0.345 0.442 0.211 0.789 0836 0.464 540)0 0.946
Oraon 0.263| 0.231 0.506 0.244 0.766 0.522 0.478 450/0 0.955
Dhobi 0.23 | 0.285 0.48% 0.23¢ 0.761 0.689 0.311 7.p5043
Brahmin 0.239| 0.184 0.57Y 0.269 0.781 0.837 0.463019| 0.981
Rajbanshi| 0.178§ 0.242 0.58 0.213 0.787 0.449 05581019 | 0.981

Table — 3. Average Heterozygosity and G#t twelve populations of Terai belt of Bihar

Locus ABO Rh PTC | Color Blindness| Average SE

B Muslim | 0.545| 0.277] 0.484 0.055 0.344 0.111

Bania 0.612| 0.481 0.49y 0.090 0.42 0.114
Chamar 0.555 0.287 0.492 0.043 0.344 0.116
K Muslim | 0.508| 0.347| 0.497 0.070 0.354 0.1p2

Mushar 0.588| 0.266 0.50p 0.110 0.366 0.109
Tharu 0.503| 0.000 0.358 0.051 0.228 0.121
Santal 0.643] 0.141 0.488 0.034 0.326 0.143
Munda 0.643| 0.335 0.500 0.103 0.39% 0.116
Oraon 0.625( 0.371 0.50p 0.086 0.396 0.115
Dhobi 0.634| 0.366] 0.431 0.108 0.385 0.109

Brahmin 0.579| 0.393 0.50D 0.037 0.378 0.120
Rajbanshi| 0.575 0.336 0.496 0.037 0.36[L 0.119
Gst 0.009| 0.049 0.02% -0.001 0.02 0.017
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Table — 4: Estimates of Nei's measure of geneticaiance (D) among twelve population groups of Terdielt of Bihar

Bania| Chamary K. Musliml Mushar Thafu Santal Mundaracd | Dhobi| Brahmin| Rajbanshi
B. Muslim | 0.010| 0.003 0.001 0.009 0.028 0.0p6  0.00®.004 | 0.005 0.004 0.003
Bania 0.011 0.007 0.012 0.067 0.022 0.0p6 0.0050070{ 0.006 0.008
Chamar 0.004 0.004] 0.041 0.009 0.006 0.005 0.013.006 0.001
K. Muslim 0.004 | 0.036 0.01] 0.00¢ 0.004 0.0p6 008. 0.003
Mushar 0.032]  0.007 0.004 0.002 0.0p7 0.004 .0
Tharu 0.022| 0.044] 0.04p 0.039 0.04p 0.044
Santal 0.007| 0.01 0.010 0.012 0.009
Munda 0.002| 0.004 0.006 0.005|
Oraon 0.004] 0.002 0.003
Dhobi 0.006 0.010
Brahmin 0.003
-
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Fig. 1. Dendrogram showing the relationship betweetwelve populations of Terai belt of Bihar. (Base@n Nei's maximum Genetic
distance measure)

DISCUSSION

In Gangetic plain, generally blood group B is ménequent than A [9], for example, among Bania, Rajand
Yadav of Uttar Pradesh [10] and among Chamars ofaBuy11]), Jats of Haryana [12] and among BrahrBimnia,
Rajput, Kayastha, Sudra and Muslim of Madhya Prad&8] as well as populations from Kashmir [14].Bihar
higher incidence of group B and O among Dusadh lidgalpur region [15], Bania, Bengali, Bhumihar, &xlis,
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Kayastha, Kurmi, Mushar, Rajput, Yadav, Muslim, fthaDhobi, Kulhayya, Santal and Munda of Koshi zone
[16,17, 18] and among Oraon of Ranchi and Purnigsidin [19, 20, 21, 22].

The most widely studied ABO blood groups show thageneral the allele frequencies of the total pafian of the
world found to be O = 62.3, A = 21.5 and B = 1&3][ The European populations have more than 25 altele
(varies from 25 to 35) and B allele frequency belldvAmong the population groups of Southwest Asiamntaes
(Saudi Arabia, Jordan, Kuwait, Yemen, Israel, LelyarSyria, Iraq, Iran and Afghanistan) the frequesiof alleles
A and Bare about 23 and 15, respectively except in Afgstaniwhere the allele B higher than allele A6, 24].

In India, the distribution of allele Bequency is higher (23.3) as compared to alle([@&\6), whereas the frequency
of allele Ois 58.1.In the present study the frequency of allelésBhigher (24.48) as compared to(29.99) and
allele Ois 55.53 (Table — 1)Normally, the distribution of ABO blood group vasiérom one population to another.
In many other studies, blood group O has been faorm the most common blood group. In the Caunasiathe
United States, the distribution is group O, 47%qugr A, 41%, group B, 9% and group AB, 3% [25]. Argon
Western Europeans about 42% are group A, 9% gro@¥Bgroup AB and the remaining 46% group O. Facks
in United States, the distribution is group O, 4&fraup A, 27%, group B, 2%, and group AB, 7% [ZSimilarly,

in Pakistan, blood group O is the most common 38&gd group A is 24%, blood group B is 33% and dlgooup
AB is 8%. In Lagos Nigeria, blood group O is 55.38tgod group A, 25.3%, blood group B, 16.7% andoblo
group AB, 2.7% [26].

The Rh distribution also varies within any grouppmipulation. High incidence of Rh- have been foimather
studies among Dusadh (6.2%), Chamar (4.8%), Muéhafo) of Bhagalpur region of Bihar [15]. and among
Chamar of Punjab (4%) by Sidhu [11]. Panatwl. 2003 have reported incidence of 8.57% amongaballof
Koshi zone of Bihar [17]. The recessive allele (@hges from as high as 40% to its virtual abséndghinese
Australian aborigines, Negrito etc. Exceptionalighhincidence of Rh negatives yielding frequencyredessive
allele (d) in the range of 50 to 60% have beenntepdn Basque (Europe) and Berbers of Moracco [6].

The variation in frequency of the Rh negative géree, Rh d) is 15-30% in the majority of the Inglipopulation
compared to 35-45% in Europeans and 0-10% in Astaulation [9]. For the Rh system the overall freggies for
D and d are 80.71% and 19.29% respectively [27ichvborresponds to 1% and 73.1% in the presenystud

The average frequency of t allele among Indian fadjouns is 53.4% (varies from 8.8% among schedukeste of
Andhra Pradesh to 89.2% in Munda of Ranchi, Bildrje in European populations it varies from 25%#% which

is little higher but similar to that of South westian [28]. For the Ansari from Bihar, the frequgraf thet allele is
71% [29]. In the present study the average frequeficion taster was 56%. The frequency of coloimdsless is
lowest in hunting and gathering societies, withhieist frequency in industrial societies [30]. Théedeshows quite

a bit of variation in different populations. Theedquency of colour blind males among Indian popoietion an
average is 3.6% which varies from complete absem@8%. Shatlet al, 2013 have reported Muslims belonging to
caste Sheikh, Pathan, Syed and Moghul shows ovprailalence rate of 5.34 %, 4.58%, 6.89% and 3.70%
respectively [31]. The incidence of colour blindaés Chamars and Muslims of Bhagalpur, Bihar hanlfeund to
be 2.2% and 2.7% respectively [15]. Pandegl., 2000 [16] have reported 7.3% among Mallah ofhRudistrict

of Bihar while in present study the average freqyeof color blindness was 3.58% which is within timelian
range.

The study in Bihar and other neighbouring regioothtin North [33] and Eastern and Southern reg[88s 34, 35,
36, 37, 38, 39, 40] and many others suggest thit the phenotypes and gene frequencies of ABOPRIE and
colour blindness in Terai belt of Bihar is in agremt with other populations in Northern, Southend &astern
regions.

The variability observed in the distribution of imars genetical parameters (such as ABO and Rh ldomaps, PTC
taste ability and colour blindness) in the pregmpulation groups of Terai belt of Bihar suggestt tthe genetic
composition of the investigated groups is more asslhomozygous. Much of the genetic similarity agntime
present populations primarily drives in their ethbackground, environmental condition and geogighisolation.
However, differences in certain genetical paranseteay be attributed to marriage pattern which imeslthe flow
of genes.

The dendrogram (Fig. — 1) based on genetic distdepicts bifurcation of the population groups itvto lines:

i) One line leading to Tharu alone and the othe leads to Santal and other populations.

ii) The other line bifurcates again into Muslim aatbunch of populations.

iii) The bunch of populations includes Mushar, Rejbhi, Chamar, Brahmin, Oraon, Munda, Dhobi, Bania,
Kulhayya. Muslim share more or less proximal armest
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iv) Badhiya and Kulhayya Muslims as well as Chamwad Rajbanshi manifested the lowest genetic distavitle
Bania and Tharu showed highest genetic distance.

Though the study is based on only four loci, theults manifested a clear possibility of identifyipopulation
structure variables that influence the genetic @ity at the regional level. In case of Terai befitBihar, the
diversity is related to ethano-historical migratmfithe populations.

It has been reported that caste group is invariakigtered with the scheduled caste and the comyumhile the
scheduled tribe is distinct from all [41]. The sdhked castes may have in them substantial conioibuif gene
flow from the higher castes in past generation§ [82ch instances of clustering of forward casté Wwackward
castes, scheduled castes as well as with schettilled have been reported in Koshi zone of Bihér 17, 18].

CONCLUSION

In the present investigation the patterns of ganersity between populations, the genetic distanaped the relation
of heterozygosity between population have beenediud he extent of genetic divergencesfGraries considerably
from locus to locus. Gene diversity is the mostam@nt measure of genetic variability of a popwiatand can be
related to the number of codons different per lot&] Bania manifested highest heterozygosity Z0)4while
lowest heterozygosity was found in Tharu. Pooleterozygosity was highest for ABO and lowest for @@ol
blindness. The pooled«(0.020)) gives an estimate of the degree of getiffierentiation present among different
populations.

The genetic distance between Badiya and Kulhayyaedlsas in Chamar and Rajbansji was the lowe§0(0)) and
that between the Bania and Tharu was the highe€d 7). The dendrogram based on genetic distaneadykhows
that the Tharu and Santal differentiated from otpepulation groups earlier. The study reveals tiatse
populations are at an early stage of genetic difféation.

Though the study is based on only four loci, theults manifest a clear possibility of identifyingpulation
structure variables that influence the genetic @ity at the regional level. In case of Terai befitBihar, the
diversity is related to ethano-historical migratiohthe populations. The results shed some lighthengenetic
composition as well as fitness of the populatianthe new ecological zone.
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