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ARSTRACT Data are presented on the distnbution of
the ABOQ, Rhil}) amd Kell blood Eroups i 14 negional
samples of the Brahmin, Rajput, Scheduled Casies and
Bhotia populations inhabiting 4 differemn districis of
Garhwal division of Unar Pradesh. Usually preponderance
-nfblmdgrqu]&,ﬁmtrl! was ohserved i the casie matenal |
while the opposite was trus for the tribal {Bhotia) material.
The laner was also characienised by complets absence of
the Rh(D}- phenoiype. The Kell sysiem has been swdied
here for the firs time from Garhasl, The possible canses
of the observed vanation are discossed

INTRODUCTION

The Unar Pradesh (U.P.) Himalayas extend
over 51,125 sq. km, consiituting about 17%
of the toal geographical area of the State
(Singh, 1989}, Administratively, this wrritory
is divided into two divisions namely Garhwal
and Kumaon, and eight districts namely
Uttarkashi, Tehri, Pauri, Chamoli and
Dehradun falling in the Garhwal division, and
Mainital, Almora and Pithoragarh in the
Kumaon division. Spread over an area of
30,090 sq. km the five districts of Garhwal
division, according to the 1981 Census have
a combined populatinon of 2,453,000,

Three main  endogamows casies—the
Brahmin, Rajput and Scheduled Castes-
constitute the bulk of the Hindu population
of Garhwal Himalayas. In addition, the Bhotia—
a Scheduled Tribe—inhabit two border districts
of the region wiz. Uttarkashi and Chamaoli. The
origins of the various Brahmin and Rajput sub-
castes of Garhwal have been extensively
investigated by Ratoodi (1988), and in almost
all cases these have been traced from different
places in plains of India over different pericds
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of time, On the other hand, the Scheduled
Castes are an aggregate of low occupational
people who are usvally considered as auo-
chithones of the region. Both physically and
calturally, the tribal Bhotia who arc
predominantly of Mongoloid derivation differ
from the Hindu population,

As for the popuelations of the Garhwal
Himalayas, serological studies have been
conducted earlier by Kaul (1933), Mathew
(1959, Tiwar and Bhasin (1968) and Tiwari
(1982). The importance of this study lics in
the fact that this is the first investigation which
reports disiricl-wise distribution of the blood
groups in both tribal and non-tribal populations
imhabiting this hilly area,

SUBJECTS, MATERIAL AND
METHODS

The subjects were local students attending
various schools and colleges in Unarkashi,
Tehri, Pauri and Chamoli districts of Garhwal
division of Uttar Pradesh. These included
individuals from both sexes selected at random,
but excluded any close relatives o outsiders.
For a collection from a particular district only
subjects born in and domicile of that distric
were considered,

A toial of 1,924 finger prick blood samples
from four regional groups cach of the Brahmin
(n=623), Rajput (n=934) and Scheduled Casies
(n=1431 and two of the Bhotia (n=224) was
collected district-wise in balches during six
different field works spread over a period of
about 3 years from September 1988 o October
1991,

J. Hum. Ecal, & (1); 4348 (1995)



44 5.M.5. CHAHAL, LI5. BANSAL AND PARMINDER SINGH

Serological tests using monoclonal anti-A,
anti-B and anu-D (complete) were performed
both in the field and in the laboratory at Patiala,
In the field, blood grouping was done at the
time of collection of the specimens, using the
slide method. All resulis were subsequently
confirmed at Patiala using iie tube method.
In rare cascs of any discrepancy, the results
obtained using the tobe method were
considered. Tests involving anti-A,;, were
performed only at Patiala using the tile method;
anfortunately the batch of blood samples
sollected from Tehrn district could not be sub-
typed wsing this lectin. For the Kell system,
becanse of limited reapent, material collected
only from Chamoli district was typed and the
tests were performed at Patiala by slide method
using incomplete anti-K,

The allele frequencies in the ABO sysiem
were calculated wsing the formulae given by
Yasuda (1984) which yield cstimates quite
close 1o maximum hkelihood solutions; for
other systems the square root method (Mourant
el al., 1976) was used,

RESULTS

The ABQ System

Table 1 lists district-wise distribution of the
ABO blood groups in 14 regional samples of
different casie and wribal populations of
Garhwal. In no sample was there any marked
departure  from  the  Hardy-Weinberg
expectations, the differences being statistically
non-significant for each sample as well as for
the total material tested from each district
surveyed.

Examination of the ABD allele frequencies
showed that both in Tehri and Pauri districts,
the frequency of the A (4; +4;z) allele was
always higher than that of the B allele; the
only exceplion being the Scheduled Casies
sample from the latter district, On the other
hand, in the border district of Chamali, there
was preponderance of the B allele over the A

allele. As for another border district of
Uttarkashi, & mixed rend was observed. 11 s
interesting 1o note that both the Bhotia samples
had shown rather high frequencies of the 8
allele. The Az allele was detected in 9 out of
the 11 population samples tested using anti-A;
lectin from Uttarkashi, Pauri and Chamoli
districts; the allele being lacking from two
rather small Scheduled Castes samples from
the latter two districts, When present, the incid-
enee of the Az allele in phe present material
from Garhwal wvaried from 1.8 to 5.5%
(Table 1).

Inter-group comparisons for the distribution
of the ABO blood groups revealed significant
differences between the Rajput and Brahmin
(x* = 22,03, d.f. = 5, 0.001>p=0.005), and
between Rajput and Bhotia (* = 17.92, d.f. =
5, 0L05=p=0.001) in Uttarkashi district. As for
the populations of the other districts, it were
only the Brahmin and Scheduled Castes of
Pauri district that showed such differences
(x* =14.42, d.f. =5, 0.025>p>0.01). In fact,
barring Uttarkashi district ("= 40.25, d.f. =15,
p<0.0005), the distribution of this blood group
gystem was found to be rather homogencous
among populations of each of the remaining
three districts. However, an overall comparison
of the 14 caste and tribal samples investigated
here from 4 different districts of Garhwal
demonstrated great heterupemity in the ABO
system in this region (y’= 68.06, d.f. =39,
0.005> p=0.001).

The Rh(D) System

The distribution of the Rh(D) system {Table
2) also showed an interesting pattern. While
the proportion of the Rhi{D¥)- varied from as
low as 1.67% in the Brahmin of Chamaoli dis-
trict to as high as 7.82% in their counterpart
in Fauri district, both the Bhotia samples from
the border districts as well as the Scheduled
Castes samples from Tehri and Chamoli
districts stand ouwt with complewe absence of
this phenotype in them. When present, the
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Tahbbe 1: Distribution of the ABC bload groups in varicus regional pepulation groups of Garhwal

Area and n Fhenolypes Allele frequencies '-l:!

populatian 0 Ay Ay B AR AR Ay A B 0 df=3

group

Uttarkashi Distriet

Rrshmin 16 Ok 23 26 & 42 13 & OUIBS (0S5 0300 0450 1.14
115.90 Erp. 2349 2580 609 4334 1333 3194

Rajput 200 Obs. 56 76 4 48 15 i 0266 0019 0178 0537 1.33
199,59 BExp.  ST6T 7331 405 4457 1894 135

Scheduled 45 Obe. 13 11 o127 0 0217 Q038 0233 0512 2,63

Casies 4501 Exp. 1180 1286 1.B2 13.18 4.55 0.80

Bhotis 97 Ohs. 27 16 X 41 W 1 0143 0019 0316 0522 028
97 Exp. 2641 1699 196 4169 877 116

Tiowal 458 ks, 1% 125 14 143 45 B 0214 29 0244 0513 .58
458 Exp. 12053 12722 1401 14193 47.583 6.48

Tehri Districe

Brahmin 194 Oibs, w52 - a7 - paTe - 0219 0502 o.o1?
14401 Exp. 3629 51.55° 3857 17607

Rajpu 188 Ok 43 &0 - 55 a0 - 0274 - (2% 0470 077
158 Eap. 41.53 &2.54° 57,56 2637°

Schedaled 72 O 3 11t - 7 i? - 0388 - 0225 0407 2.80*

Castes 22 Eap 364 947! 511 3660

Tenal 354 Ohe. 22 123 - 1 o4 = o251 - 0239 0480 oot
354 Exp 815 123.4% 1014 47.55%

Pauri Disirici

Brabmin 243 Obe. 79 B 5 56 W 3 0,245 0018 0,179 0558 1.4
M3 Exp. 7566 BRLIT 486 5633 2131 157

Rajput 345 Obs. 95 MM 9 99 W 9 0,219 0025 0224 0532 7.74
34499 Fap. 9764 10071 930 9954 3385 186

Scheduled W Obe W0 % o2 5 o 168 0000 0361 0471 0.08*

Casles 46 Exp. 1020 858 000 2164 5585 000

Total 634 Ohe. 180 197 14 17T M 12 0225 0021 0215 0539 5.00
634 Exp. 18419 19186 1463 17625 61.34 573

Chamaoli Dicirici

Brahenin 120 Obe, 27 W 5 45 11 12 LI191 0043 0287 0479 0.8
12001 Exp.  27.53 2831 517 4288 1316 296

Rajput W01 Obs. 49 49 8 0 23 2 0198 (038 0274 0490 1.26
20101 Exp. 4826 4091 778 60.06 2181 419

Scheduled 0 Obs. 11 i o w3 ] 0061 0000 0243 0.59% 025

Castes 30 Exp. 1066 653 000 1046 235 0.00

Bhotia 1277 Ohs. 24 W 2 s0 15 13 0,215 D18 0322 D445 2.14
127 Exp. 2515 31.16 208 4936 17.58 1.47

Total 478 Oks, 111 118 15 175 s2 7 0008 0032 0287 0483 0.55
478 Eap. 11051 116322 1527 17189 5433 878

oA, 2 AB 3 A, 4 di =3
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Tatle 2: Ddstribution of the RE(IY bhwod groups in various regional population growps of Garhwal

|-1--;l-z and n

FPhenatypes Allele frequencies
popudalion grous RA(D)+ Rhh). b d
Uilarkashs Dhistrici
Brahmin 116 10w T (03] 0,754 246
Fajput 200 19z 8 (4.000 (LEOD 000
Scheduled Castes 45 43 1 (4.44) 0LTES [Liea )
Bhitia o7 a7 0 (0,0 1,000 o
Towl 458 441 17 (3.71) 0807 Q193
Tehr Disirict
Hrshmin 144 137 T (486 0,750 D120
Rajpui 188 184 d (2.13) (L H54 .146
Scheduled Castes n 2 00 (0D 1000 0,00
Tonal 54 343 1Y {3.11}) 0.824 n1ve
Paur Disirici
Eirahmin 243 224 19 {7182} 0720 0.2E0D
Rajpat 5 328 17 {493} T7s 0.212
Schieduled Cases 46 43 3 (652} w745 0.255
Total B34 505 39 (6.15) 0752 0248
Chamoli Ihstrici
Birabimin 120 118 2 (167 n.E71 0.12%
Pagpat 201 156 54249 0842 (158
Scheduled Casies an n 0 () 1.0HX} (U0
Bhaotia - 127 1Z7 0 (L) 1,000 (L0
Taotal 475 471 T (1.48) 8T 0121

Figurse in paranthesig indicate percemages

frequency of the d allele in the present material
from Garhwal was recorded in the range of
01290280,

The Bhotia of Utarkashi diswict showed
significant heterogeneity in the distribution of
the Bh{IM blood groups with all caste groups
of this district wiz. the Brahmin (x* = 6.06,
d.f. =1, 0.025>p=0.01), Rajput (x* = 3.98, d.f.
=1, 0.05>p>0.025) and Scheduled Castes
(x' = 4.41, d.f. =1, 0.05>p>0.025). However,
within cach district, including Untarkashi, the
overall variability of this blood group system
did not attain statistical significance. Butl as
in the ABO system, in the Rh{D) system also
appreciable heterogeneity was discernible
when the entire material tested here from:
Garhwal was considered together (y* = 29.38,
d.f. =13, 0.01=p=0.005).

The Kell System

Of the 419 Mood samples tesied for the
Kell blood groups from the Chamoli district
6 cases of K+ were detected, giving an overall
frequency of 1.43% for this phenotype (Table
3). The Brahmin showed the highest incidence
of the Kell (&) allele (1.5%), followed by the
Rajput (0.6%) and Bhota (0.4%), while the
allele was found to be lacking in the Scheduled
Castes.

DISCUSSION

“There 15 a definile patterning in the
distribution of ABQ blood groups in the
populations of the Himalayas™ (Tiwari, 1972).
In this vast hilly tract of India, running from
Jammu and Kashmir in the west 1o Arunachal
Pradesh in the east, the frequency of group
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Tuble }; Distribulion of the Kell blvod groaps in various
populativn groups of Chamoli district

Area ard r Phenotypers Allele
papulation frequencies
group K+ K K k
Bimahmmn P 3303 96 o1s  09Es
Rajruat 70 20118 168 D006 099
Scheduled 29 0o 29 Q000 1.000
Castes
Bhaotia 121 1 (0E3) 120 Do0d 090
Taoual 419 & (143) 413 D007 049093

Figures mn paranthesis indicale percentages

B is higher than that of group A among caste
groups inhabiting the foot-hills or southern
region of the Himalayas. Populations residing
in the zone adjoining Tibet in the northem
region of the Himalayas also display a similar
picture of the ABO distribution, Sandwiched
between these two almost parallel streiches
of high group B territories is a narrow belt
of arca characterised more often than not by
preponderance of group A over group B,
Wicwed agaimst this background, the vari-
ation obgerved in the ABO system in the present
caste and ribal material from Garhwal 15 in
conformity with the Himalayan pattern, The
Garhwal Himalayvas are a part of that middla
tract of the Himalayas where among casie
populations the frequency of group A has bean
repeatedly shown 1o be consistently higher than
that of group B (Kaul, 1953; Mathews, 1959;
Tiwari and Bhasin, 1968), This is also true
of the present regional samples of the Brahmin
and RHajput belonging w Tehri and Pauri
distnicis. The preponderance of group B over
group A in some caste samples, cepecially in
the Chamaoli district, was somewhat surprising,
but then such a siwation dees occur even in
neighbouring Kumaon region (Tiwari, 1954,
Bird and Krishnaswami, 1953}, The tribal
population of Bhotia confined maimly 1o three
border districts of the UP. Himalavas we.,
Uitarkashi, Chamoli and Pithoragarh is
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characierised by relatively higher incidence of
group B always exceeding that of group A
{Towari, 1952, 1982). The vewo dilferent
samples of this tribe studied from Unarkashi
and Chamoli districts of Garhwal division in
this investigation have also shown similar
results; the frequency of group B being
comparatively rather high in both of them.

Drata on the Bh blood groups from Garhwal
are limited 1o a couple of carlier detailed reports
on this system. However, for the present
purpose it would suffice to compare only the
EhiD)- incidence, and it was obscrved that
the range recorded in the caste material of
this study (1.67-782%) was similar 1o that
reporied earlier for Brahmin and Rajput of
Garhwal (4.81-T%; Tiwari and Bhasin, 1968).
Furthegrmore, the complete absence of this
phenotype in the present Bhotia samples was
alsa in accord with previous findings on this
tribe (Tiwari, 1982). On the other hand no
data are available for the Kell blood groups
on any hill population of Garhwal, and in fact
this is the Tirst report on the distnbution of
this rare serological marker in emtire P
Himalayas.

In conclusion, the present scrological
investigation has demonsirated great hetero-
geneily in the distribution of the ABO amd
Fhil) blood groups among caste ond tribal
populations inhabiting Garhwal Himalavas,
albeit a regional {district) level there was litle
evidence o suppori such a contention. Much
of this heterogeneily can be aurbuted 1w
diverse ethnic backgrounds of these popula-
tons, Preponderance of the B blood group and
complete absence of the RhiD)- phenotype
observed in bolth tribal Bhova groups of this
study is indeed characteristic also of Tibclans,
several immigrant samples of which have now
been investigated from different parts of India
(Mouramy et al., 1974; Bhasin er al., 1992)
This suggests close genctic alfinitics bolween
different Bhotia groups of Garhwal and
Tibewans, In fact, certain Bhotia groups of UP,
Himalayas claim to be dircct or more or less
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unmixed descendants of Tibetans (Tiwari,
1982). In addition, close geographical proxim-
ity of the border districts of Uttarkashi and
Chamoli to Tibet in the north as well as rade
and cultural links between Bhotias and
Tibetans over centuries have provided ample
opportunities for continued gene flow between
these pwo populations. On the other hand, there
i5 no evidence of any apparent Mongoloid
influence on the genetic make up of the caste
population of Garhwal Himalayas, barring the
border areas where such a possibility can not
be complewely ruled out
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