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ABSTRACT He&emym values show that the different caste groups of Dogras, and Gujjars from Jammu
region are more heteromygous than the population groups of Kashmir and Ladakh regions. But nevertheless,
among the nine popalstion groups of Jammu and Kashmir, only a small fraction of the total gene. diversity

accounts for the i

genetic variation whereas the major portion of the total diversity is due to

intrapopulational varistion. In the dendrogram constructed using genetic distance (D) matrix the two distinct
clusters are formed — the Tibetans, Bodhs and Baltis with Mongoloid affinities forming one, whereas the
population groups of Kashmir and Jammu regions who are having Caucasoid elements forming the another.
The differentiation of the two tribal groups—Bodhs, Baltis, and Tibetans of Ladakh from the population
groups of Kashmir and Jammu, could well be due to their mongoloid affinities as demonstrated by several

genetic marker systems (high frequencies of Ms,

ADA?, AK? and GLO')

Polymorphism of many genetic traits are
now considered to be useful tool for the study
of differentiation of human populations and
to trace ancestry, admixture and affinity of
different groups of people, using gene frequen-
cy data for a number of genetic loci. Evolu-
tionary forces like selection, mutation, migration
and genetic drift play an important role in

changing the gene frequencies of different _

population groups. However, human popula-
tions living side by side for hundreds or even
thousands of years try to retain their separate
entities by practising endogamy. _
Once a group of populations has been in-
vestigated for a set of genetic characters and
for the similarities and differences in terms
of gene frequencies of various genetic char-
acters, the extent of variation, mechanisms of
mainienance of population differences in gene

frequencies, and finally the relationship -

among various population groups could be

amalysed.

CDe and EsD? and low frequencies of cde, P°,

Genetic variation among nine population
groups of Jammu and Kashmir investigated
from the three geographical divisions—
Ladakh, Kashmir and Jammu, has already been
reported (Bhasin and Khanna, 1992 a, b, c;
Bhasin et al., 1992 a, b, c). In the present
paper, further analysis has been attempted
using various population genetic structure
models, utilizing gene frequency data from 11
genetic marker systems among them.

MATERIAL AND METHOpRS

For the present study, a total of 1075 blood
samples was collected from nine population
groups—Bodhs and Tibetans of Leh District
(292 samples), Baltis of Kargil District (99
samples); Kashmiri Muslims and Kashmiri
Pandits of Srinagar District (155 samples); Guj-
jars and Dogra caste Groups - Brahmans, Raj-
puts and Ramdasias of Jammu District (529
samples). The field works were conducted in

1988 and 1989.
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Blood group analysis'was done following
the standard serological techniques and direc-
tions suggested by the manufacturers of various
antisera; Biotest, West Germany (Anti -A, -B,
K,-M,-N,-S,-C,-E,,and -¢) and Associated
Laboratories, Bombay (Anti -Ai, and -D).

For the typing of red cell enzymes, boziam- ,

tal electrophoresis was carried out
methods described by Harris and H ‘
(1976) for acid phosphatase (AP) and glucosé
phosphate isomerase (GPI); Scott and Fowler
(1982) for glyoxalase I (GLO I); Murch etak
(1986) for adenosine deaminase (ADA) and

adenylate kinase (AK); and Wraxall md

- Stolorow (1986) for phosphoglu

locus 1 (PGM,) and esterase D (EsD). '
The gene and chromosome frequency:cal=-

culationis have been done after Mourant et ol

(1976) and for test of significance (G-test) G

numbers of integers after Woolf (1957) have
been used. :

The degree of gene diversity, pattern of gene

differentiation and genetic relationships among
the nine population groups of Jammu and Kash-
mir have been studied using the following
population structure models:

Average heterozygosity (Nei, 1973)

Coefficient of gene differentiation (Nei,
1973) '

Wahlund’s variance (Wahlund, 1928)

Nei's genetic distance measure (Nei, 1987)

Chi-square (G-test).for genetic differentia-
tion. : :

RESULTS AND DISCUSSION.

The gene/chromosome frequencies Ob-
served for the eleven genetic markers com-
prising blood group systems—A1A2BO,

_MNSs, Rhesus and Kell; and red cell enzyme

systems-AP, ADA, AK, EsD, GPI, GLO I,

PGM,, are listed in table 1.

o

A;A;BO System ‘
It has been observed that among the three

scheduled tribes investigated, the Bodhs and
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Baltis are showing high frequency of gene A
than Gujjars, whereas gene B is present almost
with similar but comparatively higher frequen-
cies among these groups. In the caste groups,
the frequency of gene B is high among

" ‘Dogra Ramdasias than other groups studied
__whereas the frequency of gene A is almost

similar among the caste groups except Kash-
miri Pandits.

From the distribution of A1A;BO blood
group gene frequencies observed in the present
study, it has been observed that among Baltis
and Dogra Brahmans, the frequencies of A and
B genes are almost equal, whereas in rest of
the population groups, the gene B frequency
is higher than gene A (Fig. 1). The gene Az
is present in rather high frequency among Bal-
tis, Dogra Brahmans and Dogra Rajputs (over
4 per cent) and Kashmiri Muslims (3.36 per

© cent).

When compared with the distribution of
A;A;BO frequencies among the neigh-
bouring populations, it has been observed
that the Bodhs, Baltis and Tibetans of Ladakh
region are showing similarities with the
population groups with Mongoloid affinities
inhabiting Himalayan region, South East and
Far East Asia, whereas the caste groups of
Kashmir and Jammu regions, Kashmiri Mus-
limsand Gujjarsare falling closer to the popula-
tion groups of plains of North India, Middle
and Lower Himalayan regions as well as South
West Asia. :

MNSs System

Among the Scheduled Tribe groups Bodhs
and Baltis, the frequencies of gene complexes
(chromosomes) MS and NS are low and that
of Ms and Ns slightly high as compared to

_Gujjars, The three Dogra caste groups are.

showing almost similar MNSs frequency dis-
wribution, whereas the Kashmiri Pandits show
differences for the frequencies of Ms and Ns
with the Dogra caste group. The Muslim
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Table 1: Gene/chromosome frequency distribution among population groups of Jammu and Kashmir

-

Gene | Chr Freq
System/Genel Ladakh Division Kashmir Division Jammu Division
Chromosome ‘ )
Bodhe - Baltis Tibetans Kashmiri Kashmiri Gujjars Dogra  Dogra  Dogra
. : Muslims  Pandits Brahmans Rajputs Ramdasias

BLOOD GROUP SYSTEMS

A1A2BO SO

n 185 98- 107 . 122 33 113 147 121 148
Al 1810 1835 1.4 1231 1445 1192 1692 17.15 19.94
Az 29 472 056 3.36 0.00 1.55 429 405 1.28
B © 2413 2365 2308 2161 2567 2620 2198 2766 28.82
1] 5478 5328 5912 6272  59.88 6033 56.81 51.14 49.96
MNSs ’ L _

n 163 98 107 121 33 93 105 121 105
MS 1593 1680 1221 2215 2663 2094 2369 21.52 2735
Ms 5340 3055 6535 4107 3094 4841 3678 4212 36.94
NS 289 695 185 1104 823 721 1231 748 7.93
Ns 218 2570 2057 2573 3419 2343 2721 2888 27.88
Rhesus o :

n 8 95 107 121 33 93 145 18 105
CDE 725 199, 803 2.12 1.82 3.57 500 546 1.80
* CDe 6207 ~'4253 4445 4829 4934 3890 4424 3628 61.06
CdE - 000 000 0.0 0.00_ 0.00 0.00 0.00 - 0.00 0.00
Cde 000 000 686 0.00 9.44 0.00 550 1165 - 0.00
¢DE 1946 2569  27.48 1565 1181 1041 1027  9.62 9.63
cDe 329 319 747 - 994 338 . 1090 749 1295 7.00
cdE 000 000  0.00 0.00 0.00 0.00 498 653 0.00
cde 794 2060 570 2400 2420 3622 2243 1751 20.51
Kell ] )

n 79 9 107 121 F 33 86 14 71 104
K 000 000  0.00 0.80 0.00 0.00 .00 070 0.50
k © 10000 100.00- 100.00 9920 100.00 100.00 99.00 99.30 99.50
RED CELL ENZYME SYSTEMS K

Acid phosphatase (AP)

n : 179 % 107 122 3 86 105 ! 105
P 2291 3021 1682 2459 3333 3179 3333 2871 3333
) o 7709 6927 8318 7500 6667  59.88 6524 69.72 66.19
I o ‘ 000 052 000 0.41 0.00 2.33 143 211 . 048
Adenosine deaminase (ADA) o ’

n 185 - 9% 107 121 33 86 105 7 105
ADA’ . 9243 9192 - 9533 8719 8939 8837 8571 8591 °  83.81
ADA? 757 808 467 1281 1061 ¢ 11.63 1429 14.08 16.19
Adenylate Kinase (AK) '

2 185 99 107 120 33 86 105 7 105.
AK! 9676 9747 9859 7 9375 9545 8605 89.52 95.77 89.05

Ax’ 324 253 141 625 455 1395 1048 423 1095
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le 1 : Contd..... ~
Gene | Chromosome Frequencies
tem/Genel Ladakh Division " Kashmir Division Jamms Division
romosome
Bodhs Baltis Tibetans Kashmiri Kashmiri Gujjars ~Dogra  Dogra  Dogra
Muslims  Pandits Brahmans Rajputs Ramdasias
terase D (EsD)
185 9 107 121 33 86" 105 7 105
> 7162 7677 6215 7562  81.82 7849 8333 7465 76.19
D? 2838 2223 3785 2438 1818 2093 1667 2535- 2381
ucose phosphate isomerase (GPI) :
184 99 107 122 33 86 105 71 105
o 0864 9798 9626 10000 10000 10000 10000 9930  100.00
U 136 202 37 0.00 0.00 000 000 070 0.00
yoxalase I (GLO ) '
' 185 99 107 12 33 86 105 71 105
0! 1568 18.18 8.8 2049 2576  29.65 1809 2535 21.90
0% 8432 8182 9L12 7951 7424 7035 8191 7465 78.10
10sphoglucomutase locus 1 (PGMy) ) . :
182 98 107 122 32 86 105 71 105
Ml 6868 6735 T73.83  TL.72 8281 6279 6619 67.60 70.95
M2 30.50 3265 2570 2746  17.19 3721 3381 3098 2857
M 082 000 047 000 000 000 000 000 0.00
My 000 000 000 0.82 000 000 000 141 0.48

aclude rare gene EsD® with frequency of 0.58 per cent.

oups-Kashmiri Muslims and Gujjars are also
owing similar pattern of MNSs distribution.

Overall, it is observed that the Ladakh
ivision groups with their high Ms and low
§ frequencies show a pattern of MNSs dis-
bution which is distinctly different from that
' population groups of both Kashmir and
mmu Divisions, which are rather homo-
:neous with regard to this blood group system
ig. 2).

There is high frequency of gene M among
¢ population groups of India and South West
sia, though still higher frequency of this gene
1s been observed among the population
oups with Mongoloid affinities of Himalayan

gion, South East Asia and Far East Asia.’

imilar pattern of distribution has been found
nong the population groups of the present
udy. Similarly, rather high frequencies of

gene complex Ms and low fréquencies of gene
S have been found among the population groups
with Mongoloid affinities of Himalayan region,
South East Asia, Far East Asia and also Ladakh
(present study). On the other hand, among the -
~ population groups of Kashmir (Kashmiri Mus-
lims and Kashmiri Pandits) and Jammu (Guj-
jars and Dogra caste groups) regions (present
study), caste groups and communities of the
plains of North India, Middle and Lower regions
of Himalayas, South and South West Asia, the
gene S is observed to be more frequent and
gene complex MS is relatively less frequent.

Rhesus System

Among the Scheduled Tribe groups, the fre-
quency of CDe is quite high (62.07 per cent)
and that of cde is low (7.94 per cent) among
Bodhs, whereas among Baltis and Gujjars, the
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TIBETANS 0-05} 40.05 TIBETANS

’

Fig. 2. Distribution of MNSs frequencics among nine population groups of Jammu and Kashmir
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frequency of CDe chromosome is 42.53 and
38.90 per cent and that of cde 20.60 and 36.22
per cent, respectively. The frequency of ¢DE
is above 20 per cent among Bodhs and Baltis
and about 10 per cent in Gujjars, whereas cDe
is low among Bodhs and Baltis (3.29 and 3.19
per cent, respectively) as compared to Gujjars
(10.90 per cent). Ameng the caste groups the
frequency of chromosome CDe is 49.34 and
"44.24 per cent and that of chromosome cde
24.20 and 22.43 per cent among Kashmiri Pan-
dits and Dogra Brahmans, respectively. The
chromosome Cde is observed among both these
groups-9.44 per cent in Kashmiri Pandits and
5.50 among Dogra Brahmans, and cdE is ob-
served 4.98 per cent in Dogra Brahmans.
Among Dogra Rajputs the frequencies of
chromosomes CDe and cde are low (36.28 and
17.51 per cent, respectively) whereas in Dogra
Ramdasias - a Scheduled Caste group, the fre-
quency of CDe is quite high (61.06 per cent)
and cde is present with a frequency of 20.51
per cent. o

It is observed that the frequency of CDe

is less than 50 per cent among all the population
groups. except Bodhs (62.07 per cent) and
Dogra Ramdasias (61.06 per cent). The fre-
quency of chromosome cde is less than 10
per cent among Bodhs and Tibetans and more
than 20 per cent in rest of the groups with
the exception of Dogra Rajputs (17.51 per
cent); Gujjars stand out with_their excep-
tionally high cde frequency (36.22 per
cent). The chromosome CDE is present among
all the groups but rather high frequencies (about
8 per cent) are observed among the population
groups from Ladakh Division. Similarly, the
frequency of chromosome ¢DE is high among
population groups of Ladakh (Fig. 3).

Thus, from the distribution of Rhesus
chromosome frequencies, it has been foand
that in the population groups with Mongoloid
affinities of Himalayan region, Far East and
South East Asia, a high frequency of

chromosome CDe and low frequency of cde

kave been observed and a similar pattern has

been observed among the population groups
of Ladakh in the present study. On the other
hand, the casté groups of Kashmir and Jamma
regions, Kashmiri Muslims and Gujjars of
present study show relatively lower incidence
of CDe and high incidence of cde
chromosomes, which depicts their similarities
with the population groups of the plains of
North India, Middle and Lower Himalayan
regions as well as South West Asia.

Kell System

It has been observed in the present study
that the gene X is completely absent from each
of the population groups of Ladakh region
(Bodhs, Baltis and Tibetans), whereas in both
Kashmir and Jammu regions, this gene is
present among the Kashmiri Muslims (0.8 per
cent) and all the three Dogra caste groups
(range 0.5 to 1.0 per cent) (Fig. 4).

From India, the reports available on the the
Kell system are few. However, it has been
found that the distribution of gene K observed
among the population groups of Kashmir and
Jammu regions in the present study fits well
within the range described for North Indian
populations. Whereas, among the population
groups of Ladakh region, the gene is com-
pletely absent as also observed among other
population groups with Mongoloid affinities.

Acid P)wsphatase (AP) System

In the present study, the frequency of gene

~ P has been observed high among all the caste

groups of Kashmir and Jammu regions, Kash-
miri Muslims, Gujjars, and Baltis of Ladakh
(range 24.59 - 37.79 per cent) as compared
to the Bodhs and Tibetans of Ladakh (22.91
and 16.82 per cent, respectively). The gene
P* is absent among Bodhs, Tibetans and Kash-
miri Pandits, whereas among rest of the groups,
its frequency ranges from 0.41 per cent (Kash-
miri Muslims) to 2.33 per cent (Gujjars) (Fig.

- 5).
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Fig. 3. Distribution of Rhesus chromosome frequencies among nine population groups of Jammu and Kashmir




GENETIC STRUCTURE AMONG NINE POPULATION GROUPS OF JAMMU AND KASHMIR 201

It has been observed that among the Bodhs
and Tibetans, the frequency of gene P* is low
and gene P° is absent; similar pattern has been
found among other population groups with
Mongoloid affinities reported from the
Himalayan region, Far East and South East
Asia. On the other hand gepe P* is quite fre-
quent and P* is usually present among the

population groups of Kashmir and Jammu
‘regions and Baltis of Ladakh (present study),
as well as in population groups from the plains
of North India, Middle and Lower Himalayas
and South West Asia.

Adenosine Deaminase (ADA) System

Among the Scheduled Tribes thefrequency
of ADA’ is almost similar among Bodhs and
Baltis (about 8 per cent) but in Gujjars, it is
somewhat higher (11.61 per cent). Among the
caste groups, the frequency of ADA? is almost
similar among Dogra Brahmans and Dogra
Rajputs (14.29 and 14.08 per cent, respec-
tively), whereas among Dogra Ramdasias
it is a little higher (16.19 per c¢ent) and in
Kashmiri Pandits it is lower (10.61 per
cent) (Fig. 6). v

The ADA’ incidence is low among the
present population groups of Ladakh region
and other population groups with Mon-
goloid affinities from the Himalayan region
and Far East Asia, as compared to the
population groups of Kashmir (Kashmiri
Muslims and Kashmiri Pandits) and Jammu
(Gujjars and Dogra caste groups) regions,
as well as the plains of North India, Middle

and Lower Hlmalayan regions and South

West Asia.
Adenylate Kinase (AK) System

~ Inthe present study, the gene AK® is present
. among all the nine population groups of Jammu
. amd Kashmir (Fig. 7), though its frequency is
~comparatively low among the population
 groups of Ladakh region (1.41 - 3.24 per cent),
@ Bule higher among the population groups

of Kashmir region (4.55 and 6.25 per cent)
and still higher among the population groups
of Jammu region (more than 10 per cent, bar-
ring Dogra Rajputs). Among the Scheduled
Tribes, the frequency of AK® is low and
almost similar in Bodhs and Baltis (3.24
and 2.53 per cent, respectively) as com-
pared to Gujjars (13.95 per cent). Among
the caste groups, the gene AK’ frequency
is over 10 per cent in Dogra Brahmans and
Dogra Ramdasias, while among Kashmiri
Pandits and Dogra Rajputs, its incidence
is surprisingly rather low {less than 5 per
cent). Similar pattern of AK distribution
has been reported from North India and
neighbouring countries i.e. among the

 population groups with Mongoloid af-

finities of Himalayan region and South East
and Far East Asia, low frequencies of AK?
gene are found, whereas among the caste
groups and communities from North India,
the AK? gene is very frequent.

Esterase D (EsD) System

Among the population groups of the present
study (Fig. 8), the gene EsD’ frequency varies
from 16.67 per cent (Dogra Brahmans) to 37.85
per cent (Tibetans). A rare gene EsD’ has been
encountered among the Gujjars.

. Among the Scheduled Tribes, the Gujjars
and Baltis are: showing lower values of EsD’
gene (20.93 and 22.23 per cent, respectively)
than Bodhs (28.38 per cent). Among the caste
groups, Dogra Rajputs and Dogra Ramdasias
show similar frequencies of EsD? gene (25.35
and 23.81 per cent), which are comparatively
higher than those recorded in both Kashmiri
Pandits (18.18 per cent) and Dogra Brahmans
(16.67 per cent).,

Thus, it is evident that Tibetans thh their
high EsD? frequency stand out from all other

“population groups tested here from Jammu and

" Kashmir, On the other hand, the values

recorded in Kashmiri Pandits and Dogra Brah-
mans are rather low.

-
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From the distribution of EsD polymorphism
among the populations reported in literature, it
has been found that the frequency of EsD’ is
higher among the Indian populations than
among Europeans, but the population groups
with Mongoloid affininties have still higher
values as observaé Par East Asia and
Himalayan regions. Essentially similar pattern
has been observed in the present study i.e.,
the Mongoloid populations of Ladakh are
showing higher values for gene EsD’, whereas
the population groups of both Kashmir and
Jammuregions are frequencies similar
to that observed am e caste groups and
communities of Middle and Lower regions of
Himalayas, as well as the plains of North India.

Glucose Phosphate Isomerase (GPI) System

In the present study, except GPI°, no other
rare gene has been detected; the gene being

present in each of the population group of the

Ladakh region—Bodhs (1.36 per cent), Baltis
(2.02 per cent) and Tibetans (3.74 per cent),
but encountered only in Dogra Rajputs (0.70
per cent) outside this region (Fig. 9).

The rare gene GPI is usually present
among most population groups of North
India and the population groups of the
present study are no exception; albeit the
absence of the gene in most population
- groups of Kashmir and Jammu divisions
is somewhat surprising.

Glyoxalase I (GLO 1) System

Among the population groups of Ladakh
region, the incidence of gene GLO' is low
(8.88 - 18.18 per cent) as compared to that
observed among populations of Kashmir
(above 20 per cent) and Jammu (range 18.09
- 29.65 per cent) regions, of the present study
(Fig. 10).

Among the Scheduled Tribe groups, the
Bodhs and Baltis GLO’ gene frequencies
(15.68 and 18.18 per cent, respectively) are
rather low as compared with Gujjars (29.65

per cent). Among the caste groups, Kashmiri
Pandits and Dogra Rajputs showing somewhat
higher GLO' frequency (25.76 and 25.3 per
cent, respectively), whereas Dogra Brahmans
are represented with somewhat lower GLO'
frequency (18.09 per cent).

Though, the studies available on the GLO
I system are few, it has been observed that
the population groups with Mongoloid af-
finities of Himalayan region, South East and
FarEast Asna are reported with low frequencies
of GLO' gene and in the present study also
among the population groups of Ladakh, a
similar pattern has been observed. On the other
hand, among the caste groups - Kashmiri Pan-
dits and Dogra caste groups, and the religious
groups - Kashmiri Muslims and Gujjars the
distribution of the gene has been observed
similar to that found among the various popula-
tion groups of Punjab, Haryana and Delhi.

Phosphoglucomutase Locus 1 (PGM,) System

In the present study, the frequency of PGM,*
varies from 17.19 per cent among Kashmiri
Pandits - a caste group to 37.21 per cent among
Gujjars - a Scheduled Tribe. Barring Kashmiri
Pandits, among remaining population groups
of the present study, the PGM,* frequency ran-
ges between 25 and 37 per cent (Fig. 11) which
is as observed for other population groups of
India. Two rare genes PGM,® and PGM,” have
also been detected in the present material; the
former was found among Bodhs.and Tibetans
from the Ladakh region and the latter, among
caste groups - Dogra Rajputs and Dogra Ram-
dasias of Jammu region and Kashmiri Muslims

of Kashpir region.

In the distribution of PGM; gene frequen-
cies, the present population groups from Jammu
and Kashmir are showing similarities with the
population groups of the plains of North India
and the Middle and Lower Hlmalayan regions.
Rare genes, PGM,and PGM,’ found in the present
study, have also been reported earlier among

populations of India and other parts of Asia.
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STATISTICAL ANALYSIS

The Chi-square values for inter-group dif-
ferences among the nine population groups of
Jammu and Kashmir for 11 genetic markers
are given in table 2. 7

When compared statistically, the Bodhs and

- Baltis of Ladakh region exhibit #es-gignificant
differences with. each other a8 well as with
Kashmiri Mustims, Kashmiri Pandits, Dogra
Rajputs and Gujjars, whereas Tibetans show
such differences with Bodhs o8

The population groups of ‘region:
Kashmiri Muslims and Kashssif its, and
Jammu region : Gujjars, Dogra Beahmans,
Dogra Rajputs and Dogra Ra s do not

show any significant mter-maﬁamm
Heterozygosity

Heterozygosity (H), a measure of genetic
variability, is intended to give a compound value
of variation from the observed gene frequencies
of a population. The H values calculated for each
locus among the nine population groups of Jammu
and Kashmir are listed in table 3. There is a great
variation in heterozygosity values over loci (range
0.007-0.679), Rhesus being the mostheterozygous
locus and Kell, the least heterozygous locus. This
heterogeneity in heterozygosity values (Fig. 12)
could simiply be a genetic consequence of popula-
tion structire, or it may indicate the effect of
natural selection operating among the population
groups of the present study. -

The average heterozygosity values calculated
for each of the nine population groups over 11
Ioci are presented in table 4. These vatues show
Metle variation from one population group to
amother (range 0.298 - 0.373), Dogra Rajputs
being the most heterozygous and Tibétans the
Reast heterozygous (Fig. 13).

The average heterozygosity for the present
smmple has been found 34.3 per cent which

i more than three times the value recorded

By Nei and Roychoudhury (1974) for various
lmic groups (about 10 per cent), using random

bei. But this difference is not real and is at- .

tributable to the fact that only polymorphic
loci were considered in the present study, the

‘proportion of which is one third of the total

human genome (Nei and Roychoudhury,
1974). Therefore, the two values given above
are in good agreement.

The mean heterozygosity value for the
population groups of Ladakh region (0.318)
has been found lower than that recorded in
population groups of either Kashmir (0.336)
or Jammu (0.366) regions. This indicates that
the population groups of Ladakh region arc
genetically less variable than those of both
Jammu and Kashmir regions.

Genetic Differentiation

Measures of population differentiation are
the measures of genetic variability among local
population or larger subdivisions of a species,
with respect to known gene frequencies. In
the present study, two most common. such
measures Wahlund’s variance (Wahlund, 1928)
and a set of gene diversity measires developed
by Nei (1973), have been used to analyse the
genic differentiation among the nine popula-
tion groups studied here from Jammu and
Kashmir.

Wahlund’s Variance

< Fdr a diallelic locus, Wahlund’s varianc

(N is given by

f=_—°zP_
)

Where o%p is the variance of gene frequency
P -across subpopulations, and p is the mean
of p ‘across subpopulations.

The f values calculated for 12 diallelic loci
are set out in table 5. It is observed that f
values for S ,C, D, E, AK®, EsD* and GLO'
genes are comparatively high (range 0.02093
- 0.04820), and this suggests higher differen-
tiation of these genes among present population
groups. Differentiation with respect to other
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genes is small, and it appears that there has been
litde effect of population subdivision on these
alleles. The mean f value over the 12 gencs
(0.02453) gives an estimate of the overall mag-
nitude of gene differentiation among the nine
population groups of the present study (Fig. 14).

Nei’s Gene Diversity Analysis

By taking the average gene frequencies of
all sub-populations as representative of the ¢n-
tire population, the gene diversity of the total
population (Hr) has been calculated as follows:

Hr = Hs + Dgr

Table 3: Heterozygosity in nine population groups of
Jammu and Kashmir—estimates by loci

Locus  Heterozygosity (H)
A1A2BO 0.589
MNSs 0.662
Rhesus 0.679
Kell 0.007
AP 0.414
ADA ' 0.195
AK ‘ 0.117
EsD 0.362
GPI " 0.017
GLO I 0.319
PGM; 0.415
Mean 0.343

Table 4: Heterozygosity in nine population groups of

Jammu and Kashmir - estimates by popula-

tion groups

Population

Heterozygosity (H)
0316
0.339
0.298
0.342
0330
0.371
0362
0.373
0.359

0343 |

"Table 5: Mean gene frequency, variance and Wahlund’s
variance among nine population groups of
Jammu and Kashmir

Gene Mean Variance ~ Wahlund's Vari
®) (©") ance(f)
op*p(1-p)
M 0.65822 0.00343 0.01525
s 0.28078 0.00610 0.03021
c 0.60000 0.00636 0.02650
D 0.76400 0.00869 0.04820
E 021611 0.00760 0.04486'
K 0.00333 0.00002 0.00603
ADA? 0.11111 0.00138 0.01397
AK? 0.06367 0.00190 0.03187
EsD? 0.24300 0.00385 0.02093
GPP 0.00867 0.00015 0.01745
GLo! 0.20433 0.00379 0.02331
PGM/? 0.29344 0.00326 0.01572
Mean 0.02453

Where Hs is the average gene diversity
within the sub-populations, and Dsy is the
average gene diversity between the sub-popula-
tions (Nei, 1973b). The coefficient of gene
differentiation relative to the total population
(Gsm, has been calculated as follows

Gst = Dsr/Hy

In the present study, the total gene diversity
(Hr) among the nine population groups
(0.3511) has been analysed into its two com-
ponents, i.e., intra-populational gene diversity
(Hs = 0.3434) and inter-populational gene
diverstiy (Dsr = 0.0077) (Table 6). This shows
that the gene diversity between population
groups is Tuch lower than the gene diversity
within the population groups. In other words,
only a small fraction of the total gene diversity
is due to the differences between the popula-
tion groups while a large part of this diversity
is attributable to individual variations within
the population groups. Furthermore, it
also suggests that the present population
groups are at an early stage of genic dif-
ferentiation.
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The coefficient of gene differentiation,
(Gst) values among the nine population
groups of Jammnu and Kashmir under study
are comparatively high at MNSs, Rhesus,
AK and GLO I'loci. On the other hand, little
differentiation has been recorded at A;A;BO,

~Kell, ADA , AK and GPI loci while figures
are moderate for AP, EsD, GPO I and PGM,
loci (Fig. 15). It has been observed that among
the present population groups, the average Gst
value over 11 loci (0.0219) (Table 6) is close
to the average f value (0.0245) over 12 loci.

To test for the selective neutrality of genes,
the test proposed by Lewontin and Krakauer,
(1973) has been applied to the distribution of
f values for various alfeles in the present study
(Table 7). This table shows that the observed
variance of f (0.00015) is not significantly dif-
ferent from the expected (theoretical) variance
of f (0.00017). This suggests that the gene
frequency variation in these nine population

groups is mainly due to the population breeding

structure, with little or no selecnon operating
among them,

Genetic Distance

Genetic distance can be regarded as a func-
tion of the differences in gene frequencies. It
is simply a tool to investigate the relationship
among a set of populations, but it may not
necessarily establish any exact phylogenetic
relationship among them. An idea about the
similarity and differences in the gene pools
of populations can be obtained only by con-
sidering a large number of loci simultaneously.
Out of several so called "genetic distance"

measures available in the literature, the

measure proposed by Nei (1987) has been
employed in the present study, since it has a
biological meaning attached to it. ,
The pattern of relationship are based on
grouping the populations into clusters such that
populations belonging to a cluster are more
close to one another than those belonging to
different clusters. Such patterns obtained from

Cluster analysis are usually shown in the form

of a dendrogram.

In the present study, the lowest genetic dis-
tance (D) (0.00138) has been observed between
Kashmiri Muslims and Kashmiri Pandits, and
the highest (0.02963) between Tibetans and
Gujjars (Table 8). Tibetans show smaller
genetic distances with both Bodhs and Baltis
than with the other population groups and this
suggests that the genetic constitution of the
three population groups of Ladakh division is
similar but quite different from that of the other
population groups investigated from either
Kashmir or Jammu division. Both the Kashmiri
population groups are showing closeness with
the three Dogra population groups and Gujjars.
Gujjars are showing low genetic distance with
Dogra population group of the present study.
Furthermore, the D values recorded among the
three Dogra groups in the present study are
rather small. However, the genetic distance
values among the nine population groups were
statistically non-significant (Table 9).

The overall genetic relationship between
various population groups of the present study
is summed up in the dendrogram constructed
from genetic distance matrix following Sneath
and Sokal (1973) (Fig. 16). It is clear from
this figure that there are two main clusters-one
by the population groups of Jammu and Kash-
mir divisions together and the other by popula-
tion groups of Ladakh. Thus, early genetic
divergence of Bodhs, Baltis and Tibetans from

~ all the remaining population groups of this .

study is evident. ‘

In the second main cluster, the early diver-
gence of Gujjars from the remaining five
population groups of Kashmir and Jammu
divisions is also quite apparent. Among latter
groups, Kashmiri Muslims and Kashmiri Pan-
dits are placed together in a sub-cluster within
this main cluster, while various Dogra caste
groups branch away at an earlier stage from
both of them.

The dendrogram analysis, therefore,
clearly differentiates the three population
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* Table 6: Estimates of Nei’s mumrem)f gene diversity among nine population groups of Jpﬁtmu and Kashmir

Locus , Gene diversity in the . Intra-populational Inter-populational’ \ Coefficient of
_total population gene diversity - gene diversity gene differentiation
(Hr} . {Hs) (Dst) .-~ (Gst)
AIABO " osm1 . 05894 00037 00062
MNSs 06785 . 06625 0.0160 ° 0.0236
Rhesus 07047 .. 06787 - 0.0260 0.0369
Kell 00067 00066 0.0001 00149
AP ' 04237 - 04144 0.0093 0.0219
ADA 01979 . 0.1951 0.0028 0.0141
AK ' 0.1209 01172 0.0037 0.0306
EsD 03701 . 0364 00077 0.0208
GPI : 00172 00169 0.0003 0.0174
6ol 0321 -~ 03189 0.0082 ' 0.0251
PGMi 04218 0 0412 - 00066 00156

Mean _ 03511 . 03434 0.0077 00219

Table 7: Lewontin-Krakauer test for the heteropensity of f values of polymorphic genes in nine population groups
of Jammu and Kashmir - ) ’ '

Number Number Meanf Observed Theoretical s f
of of over . variance variance Io® !

.. groups . genes genes T s -
.9 n» ©. 00245 ~ 0.00015 000017 0.88

\

Tuble 8:Estimates of Nel’s measure of genetic distance D) am&ng nine population groups of Jamﬁm and

Kashmir
Population " ' Bodhs Baltis Tibetans Ka:hﬁri Kashmiri - Gujjars Dogra Dogra
. C : : " Muslims .Pandits . Brahmans Rajputs
Bahis 000320 '
Tibetans . 0.00544  0.00883 .

Kashmiri Muslims - 000529  0.00241 001334 A

Kashmiri Pandits  0.01144 = 000653 002489 000138

Gujjars- 001771 000708 02963  0005%  0.00792 .

Dogra Brahmans | 001034 000387 002333 000185 000186 0.003% ‘

 Dogra Rajputs © | 0.00863 000320  0.01574 000247 000265 0.00588 000196
 Dogra Ramdasiss 000707 000683 002362 000304 “000148. 0.00803 000238 0.00502
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Table 9: The chi-square value$ for the test of significance of genetic distance
Population Bodhs Baltis Tibetans Kashmiri Kashmiri Gujjars =~ Dogra Dogra '
Muslims  Pandits Brahmans Rajputs
Baltis 0.3178
Tibetans 0.5123 0.8863
Kashmiri Muslims 0.6397 0.4415 1.3535
Kashmiri Pandits 1.2866 099N 1.8018 0.7874
Gujjars 1.3093 0.7918 2.1500 0.4483 0.9906
Dogra Brahmans 1.0492 0.7037 1.7741 0.4142 0.5094 0.5260
Dogra Rajputs 1.0363 0.7816 1.4460 0.6492 0.6007 0.7740 0.3299
Dogra Ramdasias 0.7909 023 1.7844 0.2831 0.7112 0.4720 0.4214 0.272

Degree of freedom=21

groups of Ladakh from all the population
groups of Kashmir and Jammu divisions taken
together. Furthermore, close genetic relation-
ship between the two population groups of
Kashmir division on one hand, and among the

three Dogra caste groups of Jammu division

on the other, is also quite clear. Thus, from

this analysis there is some evidence for close

genetic relationship among the population

groups belonging to the same region, irrespec-

tive of their caste, religion, linguistic or any

other affiliation.

Thus the present study shows that the
population groups of Ladakh are not similar
10 the population groups of either Kashmir or
Jammu regions in their genetic constitution.
The differentiation of the two tribal groups-
Bodhs and Baltis; and Tibetans of Ladakh from
the Kashmiri Muslims, Kashmiri Pandits, Guj-
jars and Dogra caste groups, could well be
due to a considerable Mongoloid admixture
in the former groups as demonstrated by high
frequencies of Ms, CDe and EsD?, and low
frequencies of cde, p°, ADA?, AK? and GLO'".
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