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Summary: This paper is a part of che genetic smdy of the people of Assam [castern India), inidated
by the Anthropomerry and Human Generics Unit, Indian Staciseical Tnstimuee, Caleutta, India, and
the Dept. of Human Biology / Physical Anthropology, Universigy of Bremen, W. Germany, The
results of 1. allele distribution of five red cell enzyme polymorphisms in een Assamese papulations,
2. heterogeneity of allele frequencies and extent of pene differentiation among these papulations, and
3, standard genetic distances are presented here, & total of 1324 blood samples was screened tor aP,
E D, AK, ADA and LDH enzyme systems for Brahmins, Kalitas, Kaibartas, Bajbanshis, Muslims,
Ahoms, Chutiyas, Kacharis, Karbis (Mikirs) and Sonowals, of which the lateer three are tribes. The
gene diversity (FsT) 15 smallest {0.0035) for p? and hghest {0.1604) for HE®, The total FST value
[2.9399 * 0.0141) appears 1o be staustically sigmficant, From distance apalysis two major clusters
with sub-cluscers in each are visihle, which are in conformity wath the ethnohistory of these popula-
Eions,

Zusammenfassung: Diese Untersuchung ist Teil cines populadonsgenenschen Torschungspro-
jektes an der Bevilkerung von Assam ((Ostindien), das gemeinsam von der Anchropometry and
Human CGenctics Lnit, Indian Stanistical Inscoe, Caleuta, Indien, sawie den Dep. f, Human-
bivlogie/ Anthropologie der Universitit Bremen, Bundesrepublik Deuwtschland, inidiert und
durchgefihet wurde. Hier werden 1, die Allelenverealungen fir finf polymorphe Emzymsy steme
in zehn Populationen, 2. die Hewerogenndn dee Allelenfrequenzen und das Avsimal der generischen
Differenwierung zwischen diesen Populationen sowie 3. dic penetischen Ahstginde gwischen thnen
vargestells und diskutiert. Insgesamt konneen 1024 Individuen beziiglich der polymaorphen Systeme
aP, EsDD, AK, ADA und LDH cypisiert werden. Die untersuchten Populativnen sind Brahmins,
Kalitas, Kabaras, Kapbanshis, Mushims, Aboms, Chuuyas, Kacharis, Karbis (Mikirs} und
Sonowals; bei den deer levzieren handel es sich wem Stammesbevdlierungen, Ihe gene diversicy (FS1)
15t fiir p* am kleinsten (2.0035), fir HbT am grofeen (0.1604), Der Gesamt-FST-Wert (0.039% £
0.0141) diirfte statistisch signifikant sein. Die genedsche Abstandsanalyse 1affe ewer Haupeluster
etkennen, wobei jedes Subcluster enthilt, Dhese Cluster stehen mat der Bevilkerungsgeschichte der
untersucheen Papuladonen im Einklang.

Introduction

Studies on the distribution of the marker alleles have significantly contributed to the
understanding of both micro- and macroevolutionary processes of man. The Indian sub-
continent with ity large number of caste, religions, linguistic (abour 30000) and tribal
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{about 427} proups provides an unique situation for the scudy of ongoing biological differ-
entiation. In this paper we report the results of 1. the distribution of five red cell enzvime
systems in ten Assamese populations belonging to Mongoloid and Caucasaid origin, fol-
lowed by intergroup comparisons, and 2. the analvsis of hererogeneity of allele frequen-
cies as well as extent of gene differentiation among the population groups based on eight
enzyme and protein marker systems; some of them were reported earlier. Srandard
genetic disrances have been computed to examine the relationship between the ten As-
samese populations under study.

Fig.1. Lacarion of Assam [hlack],
BH = Bhutan, B. It. = Banpla Diesh.

Matersals and methods

The stace of Assam is situared in the north eastern part of India {Fig. 1}, Assam consists
of a large number of caste and tribal groups with various racial affiliations, Assam is a
meeting place of two broad racial groups of mankind, namely Cancasoids and Mon-
gofoids; even the Australoid stock is tracable (Das et al. 1987; Warres ct al. 1987}
Though, it appears that in the Assamnese populations a lot of admixture has taken place,
bur generally speaking, on the basis of anthropometrical and morphelogical traits, the
Hindu caste groups and Muslims can be considered as of Caucasoid origin, while the
tribes come mostly from the Mongoloid stock. Keeping in view this imteresting racial
composition of the people of Assam, a survey of 2 number of biochemical and serological
genctic markers was conducted in 1984 on ten population groups of the state. The popula-
tions were selected in such a way that they represent populations of both Caucasoid and
Mangoloid as well as of known mixed origin, The populations studied are: 1. Brabmins,
2. Kalitas, 3. Kaibartas, 4. Rajbanshis (caste group which belongs to the Indo-Furopean
language family); 5. Muslims (a religious group which belongs to the same language fami-
Iy}, All these groups can be considered as Caucasolds or ar least to have a strong
Caucasord component. 6. Aboms and 7. Chutiyas, which are very old populations of
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Assam; both belong linguisrically to the Tibeto-Chinese language family. Ahoms are
originally a Shan or Thai peaple. Both the populations are Mongoluid in their physical
appearance and Hindu by religion. & Kacharis, 3. Karbis ¢ Mibirs) and 710. Somowals; these
three groups arc tribes and have a lot of Mongeloid admixture. They belong, too, to the
Tibeto-Chinese language family. For further ethnohistory of these poulations we refer to
Das (1987) and WarTer er al. (1986).

The eneym system swudied are: 1. ard phosphatase (2P, 2. adenylate kinase (AR, 3.
csterase D (EsD)), 4. adenosinedearminase (ADA], and 5. lactate debydrogenase (LDH].
Screcning of these markers was done by starch gel electrophoresis following the
techniques deseribed by Harris & Hovkinson (1977, 1024 blood samples from indi-
viduals of both sexes were collected from different regions of the Brahmapurra valley of
HAssam (Lig. 1). The Ahom, Chutiva and Sonowal samples were drawn feom Dibrugarh in
the eastern part of Upper Assam; the rest of the populations was surveyed from the area
around Guwahati in the western part of lower Assam. The numbers of blood samples cal-
lected b finger pricking from each group are as follows: Brahmins {100), Kalitas (105),
Kaibartas (100}, Ahams (12¢), Rajbanshis (105}, Muslims (105}, Kacharis{113), Chutiyas
{58, Karbis (111}, and Sonowals (107}, Immediately after collection, che blood samples
were kept in the refrigerator till dispatched by air to che Indian Statistical Insticuce, Cal-
cutta, where all the tests were done,

Results and discussion

Table 1 and 2 show the phenotypes with X*-values and allele frequencies of five en-
eyme systems, respectively. The Hardy-Weinberg test for equilibriom shows a good
agreement between observed and expected values except for Kaibarras and Muslims in the
ADA svstem; this may be duc to small sample sizes.

Acid phosphatase

Three common phenotypes of aP namely A, AB and B are prosent in all the groups.
The most frequent phenotype is aP B, which varies between 53,0 % in Kaibartas and
65,0 % in Brahmins. This result can be compared well with similar populations in West
Bengal, where the frequencies of aP B in the Brahmins and Kaibartas are ahout 53.0 % and
54.0 %, respectively (Muknerjek et al, 1987), The phenntype aP A ranges between
4,16 %% { Ahoms) and 13.33 % (Kalitas). The Rajbanshis show about 6.0 % al* A&, which is
very sitmilar to the Rajbanshis from West Bengal, who show an incidence of 7.0 %, The p
allele is generally low in most of the Indian populations and varies between 0,200 and
2.400. In this study it is lowest in the Brahmins (2.205) and highest in the Kaibareas
(6.300).

Esterase 2

The EsD exhibits three common phenotypes in most of the world populations. In this
study type EsD 1 ranges from 35.5 9% {Sonowals) to 67.7 % (Brahmins). EsD 2 is max-
imum in Kaibartas (17,12 %) and minimum in Brahmins {6.06 %). The EsD* frequency is
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Table 1. Distribution of phenolypes of four encyme systems in ten Assamese populations.

Acid phosphatase Esterase I
Mo. A AB B xE Mo, 1 #—1 ¥ ¥

Brabmins 1o 600 29 ) a9 &7 26 i3

6.00 2000 6500 1216 6768 26,26 6.06 2,326
Kalitas 105 14 85 56 1os &7 35 10

15.33 55.3% 53353 4471 54,28  36.19 955 0.844
Kaibartus a0 5 42 L 1l 5% ¥ 10

F.0 42,00 5300 0.837 BR.42  3LEH 9. 2455
Ahoms 120 & 45 72 110 Rid T} 10

4.16 5533 6000 0204 46,45 4345 49.10 0.245
Rajhamhi! 105 & LX) 1 104 Al 12 1m0

3.71 4093 5434 (L3685 49,531  #0.78 4.71 LINESE
Muziims s 10 56 ng 14 03 41 10

YRY 8495 GH.UD 1.RUR AOMG 4943 D62 1.244
Kacharis 115 9 9 65 112 61 36 i5

7.96 3451 6753 0817 b4.46 3215 1359 5756
Chutiyas 3% 3 25 30 [T 21 h

B62 3963 G173 0039 RO3E AU.H1 O Tt 720
Karbis 111 % L¥) 65 111 41 51 14

B.11 353% 6806 1241 36.94 4594 17.12 0.210
Sunowals 107 10 36 Gl 7 538 86 13

9.30 5564 BT.OL1 LYAS 3651 H2.54 12,15 1.225%

highest in Brahmins (0.808) and lowestin Karbis (G.599). The present Esl allele frequen-
cles among Brahmins, Kaibarras and Rajbanshis are comparable with that of their coun-
terparts in West Bengal. The EsD? allele in Brahmins, Kaibartas and Rajbanshis of West
Bengal cxhibits abour 0,78, 0.79 and G.70, respecrively, against 0.80, 0.74, and 072 in the
corresponding populations of Assam, which gives an indication of their common ances-
tral stock. In Indizn populations the EsD? allele depicts & wide range between 0,17 and
0.50, which cowvers the values observed in the populations under study. '

Adenylate Kinase

In this study most AK 1 s found in all the populations, being maximum (96,3 %) in
Karbis and minimum in Muslim (82.3 %), One case of AK 2in each of Brahmins, Kalitas,
Kaibartas and Sonowals have also been observed, which supports the rather low inci-
dence of this AK phenotype in [ndian populations. Conscquently the AK? allcle is also
low in these populations, being 0.618 in Karbis and 0.08% in Kaibarras.

Adenosine deaminase

The ADA system is not yet extensively seudied in Indian populations. Due o small
sample size, some groups are not taken into consideration for discussion, Here only re-
ferences are made for Brahmins, Ahoms, Chutiyas, and Sonowals, The distribution of
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Adennsine deaminase Adenylate kinase
Moo 1 i xt Mo 1 1 by w2
Brhmins 55 21 27 H 106 8% 16 1
58,18 4%, 10 1¥.72 0157 5596  15.09 0.95 .087
Kalitag 24 11 12 L 103 37 15 1
45.8%  HODD 4.7 1.05% A4.47  14.56 0.7 {151
Kaibarras 34 3 25 3 101 34 16 1
17.64 73.52 A&.82 7.90% #3.17 1584 .99 .03%
Ahoms IR TI IS | 33 4 97 34 g 0
64.53 3F1.B2 463 0015 91.75% &.26 000 0179
Rajhanshis & 1 i 1] - 105 93 10 0
- — - 90.2% 9.71 000 0.268
Muslims 34 0 34 0 44 24 3 0
- — - K235 17.65 .00 0.514
Kachariz 2 0 2 1] 96 g2 4 [
- - — 95.8% 417 nod  04s
Chutiyas 4% 0 1% 1 &Y B4 3 i}
6123 3673 204 DASE 94.74 5.26 .00 0.042
Karbis g 105 4 [
- - - - . 96.3% 367 0.00 0038
Sonowals &3 43 54 6 146 96 9 1
AL.81 40598 T.25 .042 90,57 .49 .54 1941

ATIA 1 has a wide range of variaton; Brahrmins have the [owest (38,2 T) and Ahoms have
the highest (64.5 o) frequency. The ADA2 allele varies widely between 0.073 ad 0.214 in
most of the Indian populations; the present findings fall within this range.

Lactate dehydrogenase

I I'H is monomorphic in most of the waorld populations, burin Indian popularions the
1DH Cal-1 wariant appears to be polymorphic {Mukser e & Reppy 1983). 1o the
present study only une solitary case of LDH Delhi-1 variant has been detected in the
Chutiyas {LDHM allele frequency is C.0082). The rest show the normal LDH type. In
India, hardly any¥ population with swrong Mongoloid affinities have been screened for
LDH variants, except the present Assamese groups, ks mteresting to note that no LDH
Cal-1 type has been observed in these populations,

Analysis of genetic heterogeneity and distance measure

We have already published the sample sizes, phenotype and gene frequencies and re-
sults of distance analysis based on three serum protein and the haemoglobin loci for these
ten populations (Warter e al. 1986; DEKa ct al. 1988). In this paper we have ptimanly
reported the results of five enzyme systems. However, reference will alse be made to the
data oo serum protein and Hb loct. This is done because certain types of analysis {e. g,
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Table 8. Analysis of heterogeneity in ten Assamese populations based on enzyme and serum
protein data,

Lacus| Allele Mo, of ¥t =% df Frob. Fgv
prpelacion

al' p* I11] .24 ) 0612 0.04H55
EaD: EsD 1 4! 3563 9 Q.0001 001466
LDH: LDH Normal 10 12.59 5 0152 0.0077
Hp: Hp-1 n 11.71 9 0,230 0005
Ti: TE.C! ] 1577 ] (LG O.01RD
Tf-Cg 10 F2ET G LIRIIFr 002049
TG L] 5,65 G 0577 0.008E
TiD* 10 13.60 ] 0157 00124
G G-:-]g 14 21.21 ] = 1074 0416
Go-1 10 ) 86,140 ] < 104 00492
{:c-zﬁa* 14 31.55 ] 0.0002 0l62
G-l 19 24.29 ] 0.004 00124
Hb: Ih-A 10 §2i.5¢ g < 14 1544
Hb-I 10 325,949 Y <= 1 {1604
Hb-5* 1 B.76 G 0.460 0045
ADA; ADA-L L5 *5.97 ) 0.0001 00566
AK: AR-1 10 25,64 ] 0.002 00141
Fuoled 027,711 122 - 1076 0.04949
: + 0.0141

* Excluded in the total; ** x2-valuc for testing homogeneity of gene frequencics

gene diversity analysis ewe,) was not performed in our eatlier publications on these mar-
kers. Further, since for the purpose of reconstuucting relationship among popularians
bascd on genetic data e 15 desirable to include as many lod as possible, and therefore we
have used the serurn protein and Hb dara published eatlier ta construce a dendrogram of
the Assamese populations.

Table 3 provides the summary statistics in the form of y2-values as well as the Fsr val-
ues for cach enzyme, serum protein and haemoglobin marker. A significant hetero-
geneity exists for all alleles in the individual s¥stems, except pt, LIMTIN, Hp!, 7%, TP
and Hb* alleles.

Fur the towal of all independent alleles the y%-value is 102711 with 122 d.{. {p < 1C+),
which shows that these populations are well differentared in respect to the nine genetic
loci considered here. For measuring the extent of gene diversity the Fst computacions
were conducted vsing all the ten populations together. The Fat-values show that the gene
dizwersity is the smallest {2.0035) for the p and highest {0.1604) for the HbF allele. The de-
gree of overall genetic differentiation as measured by thetotal FsTvalue {0.0399 £ 0.0141)
seerns to be statistically significant (since the actual value of Fsr is about 3 times of its
standard error). The estimation of standard genetic distance (N e1 1972) among all pairs of



294 B, N, Mukherjee, K. C_Malhorra, M. Roy, 5. Banerjee, H. Walter and R. Chakraborty

l—....._ | figbmirs

570 * Kiitoa
A5 ¥ Lﬁ'@ 3

[

R “&_@ 5 Ahams
T Sonowcl

H

]

]

T

Hoiboriue

7523

Pz jbarshin

l-=187s AT ik

Chutipes
Wert-Hisirs
Kozrars

i

Fig. 2. Enryme and serum protein tree in tan Assamese populactions,

ten populations and their standard errors have been made to ascertain the relative position
of these populations on the basis of these allele frequencies. Table 4 shows the avcrage
heteroxygosities in these population (presented n the diagonal clements). The distance
computations have been made only for cight loci to all populations; ADMA has been ex-
cluded. Clustering of the populations on the basis of the distance values 15 shown in the
dendrogram (Fig. 2). [n aggregate we abserve two major clusters (besides one single point
cluster: Kacharis). Cluster 1 consists of Brahmins, Kalizas, Kaibartas and Muslims, whe
belong to the Caucasnid group according vo traditional classification, while Cliester 2 in-
cludes Ahoms, Sonowals, Rajbanshis, Chutiyas and Karbis, who have strong Mongoloid
affinitics, Within the major clusters a few subclusters are also evidem . In Clusrer 1, there
is onc sub-cluster consisting of Brabmins, Kalitas and Kaibartas, which separare out from
the Muslims. This means thar che Muslims are somewhar different from the other groups
in this cluster. Within the Cluster 2, two sub-clusters arc visible, onc having Ahoms and
Sonowals and the other consisting of Rajbanshis and Chatiyas. The Karachis fall apare
though they belong to the Mongeloid group, perhaps because of dhe very high Hb¥ allele
frequency {about .65). On the whole the pattern of clustering observed here 15 n con-
formiry with the raditional dassificaton of the populations of Assam based on an-
thropometric and linguistic evidence.
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