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CHAPTER

INTRCDUCTION AND SUMMARY

1.1 The bacquoundr

The main objective of ;his thesis is to discover
patterns of variation boetwecen geographical regions and socio-
religious groups in the Indian sub-continent in respect of the
distribution of ABO genes controlling the 0-A=-B=-AB blood group
system through a comprehcnsive, unified statistical analysis

of all the relevant data available till 1977.

The possibility of using the O0-A-B-AB blood groups
as a marker for populat%pn genetic studies was first discovered
by Dr. and Mrs, Hirschfeld in 1919, The data collected by them
from army personnel belonging to various population groups showed
clear=-cut differences and generated a lot of interest among
anthropologists, Initially data were obtained from blood-
transfusion centres, but, in course of time, anthropological
blood=group studies became ‘'less and less a series of accidental
.off-shoots of blood transfusion work and more and more a planned

and integrated investigation® (Mourant, 1961},
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Though Wright (1931, 1940) had earlier regarded the
ABO genes as selectively neutral, and later a number of studies
established their associations with several diseases { Mourant,
Kopec and Domaniewska-Sobczak, 1978}, ‘a study of populations
with a known history suggests that over periods as long as 1CCO
or 2000 years we can assume that gene frequencies have rcmained
sufficiently néar constancy for us to be able to use them for
purposes of-classification and in tracing relationships between

populations' (Mourant, 1959) ,

A large number of studies have been éonducted in
different parts of the world (seec Mourant, Kopec and Domaniewska-
Sobczak, 1976, for = recent COmpilation); in which the 0-A-B-AB
blood groups have been utilized for finding similarities angd
dissimilarities among population groups, and for tracing local
ROpulztion movements, etc. Althocugh & large number of blood-
group investigations have been carried out in the Indian sub-
continent since 1919, and a vast volume of datahave been collected.
barring a recent study by Balakrishnan (1978), there has hardly
been any.comprehensive statistical analysis of the data. This

thesis is an attempt to £ill this gap.

1.2 The structure of the thesis

The thesis has been organized in eight chapters, a
list of references and an appendix. In the first chapter a

general introduction to and a summary of the thesis has been


http://www.cvisiontech.com

o3

given. A short review of the blood-group studies carried out
in the Indian sub=-continent till 1977 has been given in the
second chapter, In the third chapter the data = an identificaw-

% tion code, maximum likelihood estimates of ABO gene freguencies
and results of statistical tests for conformity with Hardy-~
Weinberg random=mating hypothesls for each of 899 data sets -
have been presented. In chapter four, the statistical procedurcs
used in this analysis have been described. In the fifth chapter,
a preliminary analysis of the data has becen attempted, using
graphical representations and chi=sguare tests to assess the
magnitudes of variation between and within geographical zones
and socio-religiocus categories. In chapte£ six, the technique
of single-linkage cluster analysis has been used to form"rational

homogeneous clusters' out of these data sets, which have then
“been grouped into statistically homogenecus ‘super—-clusters',
The resemblances amongst these superclusters have been represented
by means of a dendrogram, In chapter seven, an analysis of the
reduction in heterogeneity of ABO gene frequencies within geo=
graphical zones upon a comsideration of micro-locational variation
{in terms of latitudes and longitudes of the places of sampling)

:has been made. In the final chapter, the problem of finding

the directions of maximum and minimum variation of ABO gene

frequencies within geographical x socio=-religious subsets has

- been considered. The basic data = names of population groups,
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locations of sampling, sample sizes, O=A=-B-AB blocd group
frequencies and the sources of the data - have been presented

in the appendix.

l.3 The data

The data considered for the present analysis were
collected from published reports, papers and alsc from unpublished
sources through correspondence, with an attempt to cover exhaus-
tively all substantive ABO blood-group studies carried out upto
1977, relating toc what can be broadly described as the Indian
sub-continent, In all, a total of 899 data sets covering 222,764

individuals were compiled for this study.

Each data set was initially identified by a five~digit
code; the first two digits being the serial number of the 'area’
from where the data had becm collected, the areas having been
arranged alphabetically, and the laét threce digits being the
serial number of the data set within the area, arranged in
chronological order of the study. The basic data, giving the
identification code, population group, épecific location, sample
size, phenotype frecguencies and source have been presented in

‘Appendix 1. In Table 3.1 the namcs of the ‘areas' and the
area=wise distribution of the data sets and individuals have
been presented., Maximum likelihood estimates of the ABO gene

‘requencies p,q,r together with their standard errors, the D/

o LT
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statistic'for'measuring the deficiency cf AB phenotype freguency
from that expected under random mating and the chi-square statistic
??HW for testing geoodness-of-fit of the Hardy=-Wecinberg random

mating model have been presented in Table 3.2,

For examining the pattern of variation, the data sets
have been corss=classified in two waysi into six geographical
zones = Northern, Eastern, Southern, Western, Central and
Himalayan = more or less in accordance with the recommendations
of the National Atlas Organization, and again into ten socio=-
religious categories - Hiﬁdu: Upper Castes, Middle Castes and
Lower Castes, Muslims, Christians/Anglo-Indians, Parsecs,
Tribals: Australoid, Mongoloid, Caucasoid and Negrito. In
Tables 3.4 and 3,5 the zallocations of the data sets into the
gecgraphical zones and socio-religious categories have been

prescented,

1,4 The statistical mothods used

The statistical methods used in znalysing the data
have becen described in chapter four, Except for certain inno=

vaticns, most of the methods used are standard.

Maximum likelihood estimates of the gene frequencies
and their asymptotic dispersion matrix have been computed using
an iterative proccdure based on the method of scoring due to

Rao (1952) , The standardised *deficiency' statistic D/c has
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been used to examine the deficiency of the phenotypic frequency
of AB blood=group from the frequency expected under the Hardy=-
Weinberg random mating model, The goodness—=of=£fit chi—square
statistic'X?HW with one degree of freedom has been used to
examine the general agreement of phenotype fregquencies with

the model,

The estimated gene frequencies (Eca) have been presented
graphically on the triangular chart (Li, 1955), together with
elliptical confidence regions defined as the set of points (p,q
satisfying

LA B n ~ A " A 2T
I - I - - I -t =21 l-a
ni pp(p pre o+ 2 o (p=p) (g=q) + qq(q a ] 2 oge(- )

al

where n is the sample size, T etc., denote the estimated

pp”
information matrix per unit observation and €@ is the confidence
coefficient, This geometrical representation is useful for a
preliminary exXamination of the nature of variability in the

gene frequencies, The zignificance of this variability was

examined by means of the standard chi-square test of heterogeneity,

It is, however, important to peoint out that DPecause hypotheses
werce formulated and tested on the basis of the same empirical
data, traditional probabilistic interpretations of standard

Statistical tests are not strictly wvalid,
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The main technique used for discovering similarities
and dissimilarities among population groups is the techniqgue
of cluster analysis. The distance function used for this

purpose is

d = arc cos (jplpz + /qlqz + jrlrz)

between two populations with ABC gene frequencies (pl, Ay rl)
and (pz, Gy ré), This distance measure is due to Bhattacharyya
(1946) and is based on a geometrical representation of the two
population groups as points with co-ordinates (jEi, Ja&, JEE)
and (Jﬁa, J&E! j?a} on the unit sphere and the distance‘is
defined as the angle subtended by these two points at the centre
of the unit sphere. The measure has several desirable asymp=

totic properties too (Bhattacharyya, 1946) .,

Although there are several clustering algorithms, for
the present study the single=linkage method was adopted because
this is computationally the simplest and has several optimal

properties (Sibson, 1972).

Subsets of population groups} the so=-called 'clusters!?
have then been formed in such a way that, lbosely speaking,
. those belonging to a clustcer are nearer to each other in terms
of the distance given above than those which belong to different
clusters. A geometrical representation showing how the popula-

tion groups have been combined to form clusters at different
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stages, indicating at each stage the distance at which they
were combined, is called a dendrogram, and in this thesis most
of the dendrograms have been represented through linear lists.
Statistically homogeneous clusters have been identified by
performing chi~square tests at the different nodes of agglo-
meration in a dendrogram. The entire procedume of cluster
analysis -~ computing the distance matrix, constructing the
dendrogram, representing it as a linear list and identifying
.statistically homogeneous clusters = have been explained in
detail in section 4.7 by considering the .24 Upper Caste popula-

tion groups of the Western zone.
In section 4.8, the procedure for least squares
estimation of the parameters of the model

bt

lj=pi+6 T'}‘& t

pT* i+ e

has been presented, where within a socio-religious category
pij' qij’ Tij and tij denote, respectively, the A and B gene
frequencies and the latitude and longitude of the j-th data
set belonging to the i-th geographical zone (i = 1,2,...,k,

j e ljz_luooo'ni) «
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In order to study the direction of meximum variation
of ABO gene frequencics, it is necessary to determine constants
2 and b such that the variability of A = ap + bg measured in
terms of the appropriate chi-square statistic is maximised.

The algebra for carrying this out has been presented in section
4.9, which is analogous tc that of finding the principal compo-

nents in multivariate analysis,

1.5 Preliminary analvysis

A preliminary analysis of the date has been carried
out in chapter five. The first step was to check the gquality
of the basic data by examining the distribution of the I/o
and the TX?HW values computed for each data set. If random-
mating prevails, the distribution of D/0 should be standard

normal, and that of /¥2

A pyw 3hould be the clii=square distribution

with one degrec of freedom. Departure of the observed distri-
bution from these indicate not merely departures from random-
mating, but on closer analysis may reveal systematic errors

in sampling or blood-typing in the laboratory.

The freguency distribution £ D/0 values has been
computed separately for four subsets: (i) data published uptc
1950, (ii) data published betwcen 1951 and 1960, (iii) data
- published between 1961 and 1970, and (iv) data published after

1970, and each was compared with the standard normal distribution,
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It is interesting to note that significant departure from
normality has bcen found in the last two groups and, in general,
large values of D/0 has been more frequent than expected indi-

cating AB-deficiency.

The observed frequenc? distribution of ’XgHW values
has been found to be significantly different from the chi-sguare
distribution with one degree of freecdom, there was a great
excess of large fX?HW-Values but not so much of an oxcess of
small values, This indicates the possibility of real departures
from random-moting in some of these population groups, but rules
out the suspicion of data being smoothed to conform to the

random~mating model., /

Graphical analysis of the data has then been carried
out through representation of the estimated gene freguencies
on triangular charts together with their confidence regions
to examine the varietion botween population groups within
geographical zones as well as within socio-reliéious categories.
Wide variability within both these classifications has been

evident, later sustantiated through chi=square tests of homo=-

‘geneity. For the purpcse of using the chi-square test and

subsequent analysis only those data sets (405 im all) where

the sample size was greater than 100 and the iK?Hw was not

- significant have been used,
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These 405 data sets have then been cross-classified
in two-ways into geographicel (6) x soclo=religious (10) subsets,
Of these 60 subsets, only 32 have been found to be non-empty.
Chi-square tests have been carried out to test the homogeneity
of the population groups within cach of these 32 subsets, The
hypothesis of homogeneity has not been'rejected only in 12 of
the subsets at the 1% level of significance., One subset contained
only one data set and there was no question of heterogeneity

there, but the remaining 19 were significantly non-homogeneous.

1.6 Cluster analysis

-

The technique of clusger analysis has then been used
to partition cach of the 19 heterogeneous geographical x socio=-
religious subsets into statistically homogeneous subsets. Using
the proccdures described 1.a section 4.7, these 19 subsets have
been partitioned into 93 homogeneous clusters. Including the
13 homogeneous subscts, the 405 data sets have thus been grouped
into 106 {= 13+493) ‘rational homogeneous clusters' (RHC's),
which are homogencous not onlyrin respect of ABO gene frequencies,
but also geographical location and sociOnreligious criteria,
The compositions and the combined gene frequencies of the 106

RHC's have becn presented in Table 6,2

The RHC's formed the starting point of the next stage

of the present analysis. Since the RHC's were formed only

/ﬁﬁ%—f@ﬁ\

» : (T i}\.‘ h
& 1" <o
jZ"WDnu.mwx enn;\v%x
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within the two=way classified geographical x socio=religious

~ subsets, in order tohfind similarities among the RIC's belconging
to different subsets, cluster analysis has been performed once
again, Using the combined estimates of ABO gene freguencies of
RHC's 'superclusters' (consisting of RHC's) have been formed,
which are again such that the RHC's belonging to each super-
cluster arc statistically homogencous in respect of the gene
frequencies of the RHC's, It is to be noted that the super-
clusters may not generally be homogeneous in respect of geogra-
vhical location or socig;;aligious criteria, The structures of

the superclusters have bheen prescrited as linear lists in Table 6.3,

A third application of the technique of  cluster analysis
Yielded the final dendrogram describing the resemblances among the

superclusters, This has been prescented in Figure 6.1,

The compositions c¢f the rational homogeneous clusters
and superclusters has been found to be generally in accordance

with the available ethnohistorical evidence,

1,7 Micro=geographical variation

Comparcd to the entire Indian sub=-continent, the
geographical zones apart from being relatively more uniform
spatialiy arec alsc ccologically quite homcgeneous, The reduction
in hetercogencity within socic=religiocus categories upon a cross-—

classification by geographical zones, thercfore, not only
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represents the effect of spatial variastion at a macro~level,

but also the effeechs of macro-ecoleogical variation, There is,
however, a large amount of spatial variation even within a
geographical zone. It is, thercfore, of interest o examine
whether a consideration of micro-geographical variation within

a zone further helps in reducing the heterogeneity of ABC gene
frequencies, This problem has been dealt with in chapter soven,
The micro—geograpnicalﬂ;g;iation has been studied by considering
the latitudes and longitudcs of the locations of sampling. Thus,

for this analysis, fitting of +the following model hes becen tried:

where, within a soclo-relicicus category, bij' qij’ rij and tij

denote respectively, the A and B gene frequencics and the latitude
and longitude of +the locaticn of sompling for the  j=th data set
belonging to the i-th goographicél zone (i = S o B e
...,ni). This analysis revcaled that the b-values are gencrally
significant for all socio-religious catcgories except the Upper
castes, which indicates that, in general, the congideration of
micro=geographical variation within zoncs is uscful in a further
reduction of the variation in gene frecuencies, It was, however,

also seen that although thc amount of hcterogeneity explained by
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classifying data sets into macro-geographical categories { zones)
were rather high, the further reduction in heterogencity brought
about by £he consideration of micro=geographical variation were
generally rather low. It must, however, be mentioned that the
conclusions of this zanalysis should be‘considered as tentative
since the number of datasefts that could be included for this
analysis was not large; the exact locations of sampling were

available for only 252 data setsse

1.8 Directions of maximum and minimum variation of ABO

gene freogudncies

When the A and B gene frequencies of a set of population
groups had been plotted on a two-dimensional plane, in many cascs
a large amount of variability was observed. It was then consi=
dered pertinent to ask whether this large variability could be
explained in terms of variation in any one particular direction.
Thus, within hcterogeneous geographical x soclo~religious subsets
directions kl and kz have heen found, where cach M is a lincar
compound of the A and B gene frequencies of the form ap + bqg,
and Kl is the lincecar combination which has the maximum varia-

bility between the populations ang KZ the smallest variation.

+ The proportion of the total heterogeneity coxplained by the

9

linear combination hl has also bececn computed for each subset.

The results of this analysis have been presented in Table 8,1
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of chapter eight, from which it has been seen that for most
cross=classified subscts the variation appears to be spread
all over the two dimensional plane and not much dé:it can be
ascribed to variation in any single direction. Amcng the
Mongoloid trikal groupé-g% the Eastern and Himalayan zohes,
however, the percentage variation explained by hl has been

found to be grecater than 80%,

1,9 Majn findings of the thesis

The present study is the first comprehensive statistical
analysis of all the ABC blood group data that have so far been
collected from the Indian sub-continent. In 2ll, 899 data scts

have been used for this study.

A preliminary graﬁhicql examination of the data indicated
ﬁide variability in all gcographical zones and most socio-
religious categories. Data sets (405 in all) conforming to
the random=-mating model and with sample size greater than 1C0,
were then subjected to a chi-square test of homogencity of gene
frequencies, which confirmed that all geographical zones and
a2ll socio-religious catcgories, excepting the Parsees and Negrito
tribals, arc indeed hcterogencous in respect of ABOC gene frequen-
cies. The preliminary statistical tests also suggested the
possibility of the existence of certain laboratorics in India

where tlie blood=-group data gencrated may not be very reliable,
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y Chi-sguare tests of homogenelty performed within the
32 non~empty geographical x soclo=-religious subsets showed that
the following 13 subsets are homogeneous in respect of ABO gene
frequencies: MNorthern Muslims (g;yU), Northern Australoid tribes
(N-AT}, Eastern Upper Castes (E-UC), Eastern Muslims {E=MU),
Eastern Negrito Tribes (E-NT), Southern Upper Castes (3$-UQ),
Western Muslims (W-MU), Western Parsees (W-PA), Central Upper
Castes {C-UC), Central Muslims (C-MU), Central Australoid Tribes

(C-AT}, Central Mongoloid Tribes (C-MT) and Himalayan Middle

Castes (H-MC),

Thus 1t is sg¢en that though the Muslims when considered
all over the sub=-continent are highly hetercgenecus, when sub-
divided into geographical zones, they are homogeneous in the
Northern, Eastern, Western and Central zones, though not in
the Southern zoné, The Uppcer caste Hindus are homogencous in
the Eastcern, Southern and Central zones, but not in the Northern
and Western zones, Australoid tribes are homogeneous in the
Southern and Central zones, but not elscwhere, Mongoloid tribes
are homogencous in the Central zone, but not anywhere elsc,

Middle caste Hindus are homogeneous only in the Himalayan zone,

The technique of cluster cnalysis performed within
cach of the 19 heterogeneous subsets revealed that five of

these subsets were 'largely honogeneous'! in the sensc that L1f
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only one or two population groups were excluded from these

subsets, thcy turned out tc bhe homogencous. Thesc ares
; .

Northern Upper castes (N=UC), Northern Middle castes
(N-MC) , Eastcern Middle castes (E-MC,, Eastern Australoid tribes

(E-AT) and Central Middle castes {C=MC) .

Cluster analysis alsc revealed that thce population
groups of the Indian sub~continent can be classified into 106
grcups in such = way that these groups are not only homogeneous
in respect of ABO gene frequencies, but also geographical location
and soclo-religious criteria., Also, from a purcly statistical
standpoint, the Indian populations can be grouped into at most
42 &lasses, in such a way that thc populations belonging to
any one of these groups arc statistically homogeneous in respect

of ABO gene frequencies.

A.consideration of micro=locaticnal variation within
geographical zones docs not scem to bring about a substantial

rediction in the hetcrogeneity of ABO gene frequencics.,

For most of the cross—classified categories,; the
variation in ABO gene fregquencics appears to be spread all
over the two=-dimensicnal plane and not much of it can be ascribed
fé variation in any single direction, The Mongoloid population
groups of the Bastern and Himalayan zones are, however, oxccp®

tions to this general finding.
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REVIEW OF ELOCD GROUP STUDIES IN INDIA

2.1 The piloncering studies (1919~1930)

Blood group investigations in India started with the
Hirschfelds (1%1%9) who, during World War I, examined a large
number of scldicrs, including Indians, They found a very high
frequency of B blood group among Indian soldiers. The Hirsghfelds
did not pubklish the data separately caste-wise, but pooled the
data of Gurkhas, Garowalis, Jats, Kumaons, and Rajputs with
that of lower caste people from all over India, who were in the
Labour Transport Corps, and reported this pooled data as 'Indians!.
This body of -data brought out a striking fact regarding the blood
group composition of Indian soldiers - the perceﬁtage of B hlood
group was exceedingly high, The classical Hirschfeld data were
the first landmark in blood group studies in India, and it
prompted serologists to initiate investigations to confirm and

find out reasons for the high B blood group incidence in India,

In the decade succeeding the study by the Hirschfelds,
only one study was published, Bais and Verhoef, reported data
on Tamil coclies working in tea gardzns in Sumatra in 1927, The
samples were very heterogeneous and belonged to several low=

caste groups of South India and Ceylon.

L E i R
e P -
k" 5
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In 1929, Malone =nd Lahiri published data on more

than 2000 pecple drawn from different parts of the country.

These investigaturs presented data on three racial types -

three out of the six racial tvpes of Risley (1915%) - Turko-
Iranians (represented by Baluchis, Hazaras and Pathans),
Indo-Aryans {represented by Jats, Khatris and Rajputs) and
Dravidians (represented by Mundas, Santhals and Uraons). Apart
from these, they zlso presented data on a pooled sample of
'Hindus' drawn from various castes of United Provinces. Most

of these data were collected from Indian troops statiocned at
Quetta or from patients attending the Pasteur Institute, Kasauli.
The étudy of Malone and Lahiri was a big step forward in blood
'grdup studies in India. It showed, for the first time, that
among castes relonging to the same gecgraphical regicn, there

are large differences in the blood group fregquencies, It also
confirmed tﬁc preponderence of B kloocd group in several regions
of India. Malone and Lahiri also indicated that the frequencies
of both A and B .tend to diminish (and, naturally, that of 0 tonds
to increase) from the Ganges Valley upwards to the North West

Frontier of India,

2.2 Studiecs published between 1930 and 1940

Chauchuri (1931) collected dats on 154 Bengalis, but
this included family members, and hence the 154 samples cannot

be taken as independent. This fact was pointed cut, for the



http://www.cvisiontech.com

first time, by Chatterji anc¢ Mitra (1941-'42), who also made

an attempt to 'correct' the data. These authors listed *the
total of 30 families, that is, 60 parents ... with considerable
“ hesitation, there being no informstion that sibs are not

included' (Chatterji and Mitra, 1941-°42).

In an attempt to f£find out if blood group has any
influence on the incidence of disease, Mitra (1933) published
data on 20CC persons of Dibrugarh (Assam) . These individuals
included both healthy and sick at a hospital as out-patients
or admitted cases. The former —omposed chiefly of medical
students. These data were also not kept caste-wise. OCf course,
in a later paper, Mitra (1935) stated that 'on the whole the
population deélt with might be taken as a fair sample of the
population of upper Assam although many of the students will

have come from other areas'.

During the rest of the thirties, a number of useful
studics were conducted. Apart from the work done by the British
Association Research Committee on Blood groups Among Primitive
Peoples (1939) in the Naga Hills, Assam, most of the remaining
studies were through individual efforts. During a health
investigation, Pandit (1934) collected data on Todas of Nilgiri
Hills., From South Indis, Aivappan (1936, 1939) colleccted data

ori tribal pre-Dravidians (Paniyans) and Nayawais, Apart from
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the data collected by the British Association from Assam, Mitzra
(1936) collected data on Angami, Naga and Lushai tribes, and
Basu (1938) on Khasis. Blood grouping was also done on a group
of Tibetans in Gyantse by Gates (1936) . During this decade,
two review articles also appecared (Sarkar, 1937 and Macfarlane,
1938) . Sarkar's article also contained fresh data from the
Santal Parganas in Binar, which he compared descriptively with
data published earlier, HMacfarlane's (1938) review was with
special reference to Bengal, She republished all the ABO blood
group data published upto 1938. For each populatioh group she
plotted the histograms of A and B gene frequencies and also
calculated the 'secrological values' of the difference between
the incidencec.- of A and B blood groups. From these computations
she made the following observations H

The percentages of both A and B bhlood groups in lower

Bengal increcase from the higher to lower castes,

The highest percentage of 0 blood group in lower Bengal
is among the caste Hindus,

The Bengali 'depressed classes' have the highest
percentage of B yet found in India. (It is to be noted that
the group 'depressed classes' is an extremely heterogeneous
group comprising several lower=castes.)

The Bengall Mohammedans have a blood group distributicn
similar to that of their low-caste Hindu necighbours,

The only peoples of India thus far discovered to have
more A than B are the Nairs and lower castes of Cochin and
the pre-Dravidians (Veddoids) of the south-west,

There is very little B in Cochin because the Malabar
coast has been missed by the migratory movements from further
north in the past. Herc there is more B in the higher costes
who have some northern admixture than among the lower castes
who came from the south,
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The B gene has been in India for millenia and may
have originated in the ancestors of the lower castes of
the north-~ecast, whence it has diffused into the higher
castes. The amounts of O and b vary inversely, thereforc,
there may be genes for C in these low castes with a
relatively high mutation rate for B.

2.3 The period 3 1240-1950

The next decade witnessed a lot of activity. Data
were collected on the serological status of several ponulation
groups from different parts of India. In many of these studies
the data were gathered from Blood Transfusion Service records
(Greval and Chandra, 1940), hospital records (Reddi, 19431,

blood=-bank records (Reddi, 1943a), cta,

Three comprehensive studies wefe also carried out
by D.N. Majumdar during this decade. In connection with the
Census operatiqns of 1941, Majumdar conducted a racial survey
of the United Frovinces, between 1941 and 1943, During this
period he studied the serological status of more than 4000
individuals belonging to 1% caste and Ltribal groups and two
- heterogeneous groups of students of the United Provinces., An
analysis of these data (Majumdar and Kichen, 1947) revealed
that the caste and tribes examined were hetcrogencous in
; respect of the p gene frequency. A correlation of blood groups
with social status was also found, and the serological findings

were in closc correspondence with the anthropometric. The
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results of the U,P., Survey raised great hopes among both
anthropologists and gratisticians, and at the instance of

Prof, P.C. Mahalunobis, and the Indian Statistical Institute,
Calcutta, a racial survey of Bengal, on lines similar to those
of the U,P., Survey, was carried out by Majumdar in 1945. The
other important study conducted by Majumdar during this decade
was a similar survey in Gujarat. Twentytwo castes and tribes
were examined in Kathiawar and Cutch with respcect to their
somatology and serology, An analysis of these data is presented
in-Majumdar and Kishen (1948), In contrast to Macfarlane's
(1938) finding that the Muslims of éengal are close to the
low=caste groups in respect of the distribution of ABO blood
groups, Majumdar and Kishcn (1948) found that the Muslims of
Gujarat show close resemblance to the high-caste groups,
particularly the Luhanas, Bhatias and Brahmins., This contrasting
finding is not surprising in view of the fact that the Muslims
of Bengal are mostly converts from the low=caste groups (3arkar,
1954), while the upcountry Muslims have resulted from the
intermixture between the immigrant Muslims (c.g. Baluchis) and
higher Hindu castes (Majumdar and Kishen, 1948) ., Apart from
these studies which were conducted with the intention of
collecting fresh data from population greoups, two reviecw
articles werc also published by Macfarlane and Sarkar (1941)

and Chatterji and Mitra (1941-'42), Macfarlane and Sarkar (1941)
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compared descriptively the existing blood group data in samnlaes
of over 100 persons from 12 aboriginal tribes of India. They
discovered a general increase in the freguencies of A and B
genes from the south towards the north and in blood groups B
and AB from east toc west across central India. fhey also
suggested that there may have been two original racial stocks
in India, one resembling the Paniyan or Maler with little B,
and the other resembling the Oraons, with low A fregquency and
high B fregbency., The Santals and related Mundari speaking
peoples possibly entered India later. In Chatterji and Mitra's
(1941-'42) study, like that of Macfarlane's (1938), the focus
of attention was Bengal. These authors analyvzed the distribution
of Bengali blood groups with the following objectives in view

To determine whether any stratification is noticeable
in the castes in respect of this character,

To determine if the blocod groups are distributed in
the same frequency uniformly throughout the country, and
the same stratification is present everywhere,

To determine whether blood group distribution is
similar and the groups appear in the same frequency in the
neighbouring provinces as in Bengal,

To determine whether the Bengalis are differcntiated
in any way from the aboriginal and Mongolian tribes,

It may be mentioned here that most of the above menticned

hypotheses formulated by Chatterji and Mitra (1941-'42) stemmed
out of Macfarlane's (1938) study., Upon a critical ecxamination
{mainly descriptive) of the data, Chatterji and Mitra (1941-'42)

arrived at the following conclusions
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The evidence for a gencral stratification of ABO
blood groups is not convincing, although +the 24=-Farganas
population showed some stratificational difference in
respect of the C gene freguency,

The blood groups are not distributed in the same
frequency even throughout Bengal,

Bengal, or at least south-west Bengal, appears to
form a part of a zone of high B concentration, which scems
to embrac® the Gangetic plains of north India,

The avoriginal groups zhow considerable divergence
among themsclves in respect of blood Jroups,

Apart from thesc conclusions, Chatterji and Mitra (1941-142)
also strongly criticized Macfarlane'’s (1938) contention that
the blood group B originated in the ancestors of a certain
(depressed) section of the population of north-ecastern India
on the grounds that the existing data to substantiate this arec
extremely scanty, and that the grouping 'depressed class' is
artificial and heterogeneous. This study also pointed out the
need for data frém different parts of India., Sarkar {(1942)
analysed the Indian blood group data with special referchncoe

to the Oraons. The analysis revealed that therc are 'two
centres of A concentraticns, one in the south and the other

in the north-~eastern frontier, wnercas B appears to be a sort

of wedge driven in betwcen them'.

In 1949, Sanghvi and Khanolkar conducted an intecresting
genetical study in and around Bombay. They sclected six condo-

gamous groups of Maharashtra whose physical characters were
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studicd previously by othcrs. The purpose‘of thelr study
was to compare theilr conclusions derived on the basis of
physical measureacnts with those rcached on the basis of
blood groups and other genetical characters. They found
that some of the groups which had previously been classifica
under the same 'physical type'/‘race' differed significantly

among themselves in respect of genctical characters.

2.4 Studics published between 1950 and 1960

During the following decades, a large number of

-anthropologists from all over India took an active interest

in gathering scrological data of population groups, In 1951

was published a comprehensive anthropometric, somatoscopic

and scrological study of Maharashtra (Karve and Dandckar, 1951).
In this survey, data werc collected from a large number of
castes and tribes from all over Msharashtra. ABO blood group
data were collected from a total of 60 castes and tribal groups.
An analysis of those data showcd that there were significant
differences in gene frequencies betwecn the various Grouprs..

Some clusters of population groups posscssing similar gene
frequencies were 2lso discernible, but the rattern of clustering
was very haphazard - groups with no apparent ethnological affinity
were often included In the same cluster. The clusters obtained

on the basis of ABC gecne frecuencies also did not correspond with
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those obtained on the basis of anthropometric data. It may

be mentioned that the clusters obtained on the basis of anthro-
pPomefric observations generally were in concordance with ethno-
ilogi;al data. Because of these facts, Karve and Dandekar (1951)
felt that 'blood group data are of little value in discoverino
caste configurations within Maharashtra'. It should, however,
be mentioned that the sample sizaes for the population groups
included in their study werc very small = only 8 of the 60
popglations studied were represented by samples of size greater
than 50, The gene frequencies calculated on the basis of such
small sample sizes may be subject to large sampling errors,
which are possibly reflected in the non-correspondence of the
clusters obtained through serological and anthropometric data.
It may be mentionzd here that Majundar and Kishen (1947 and
1948) had noted'a clese egreement between scrological and

anthropometric findings in the U,P. and Gujarat surveys.

in 1951-'52, Majundar ana Bahadur republished the
99 sets of data that werc collected till then., They indicated
the following defects in the papers published on blood groups
in India s

Full and complete detalls about ethnic groups tested,
wherce they live, and how the samples were selected, are
not given,

Often when the investigation is carried out in one

locality on more than one cultural or ethnic group, the
data.are not preseuted separately for each,
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Cften cumulative data are published, without merntioning
about the previous publications,

Percentage values of pherotypes often do not add up
to 100,

There is no systematic method of publishing the data -
sometimes actual numbers of observed phenotypes are gilven,
sonetimes only percentage freguencies, without any indication
of the sample size,

It should be mentioned that little attention was paid
by latcr workers in rectifying these defects, and many of thesc
persist even till today. Majumdar and Bahadur (1951-'52)
_made an analysis {(mostly descriptive in nature) of all these
data and drew a map of ABO clines, Their major conclusions
werc as follows o

High B gcne frequencies are found in the Proto-
Australoid groups of south India, while this gene frequency
is low in central India,

Maha Gujarat, comprising Gujarat, Cutch and
Kathiawar, has groups with higher percentage of B than
those for central Indies,

Most of the U.P. groups, cexcept the tribal groups

of Mirzapur, have high values of B. The range c¢xtends to
the groups of the cis-Himalyan region,

The population groups of Orissa and Bengal, in general,
have a high frequency of the B gene,

_ The Assam tribes like the Nagas, Lushais and Konyaks,
have very low percentage of B,

In 1958, was published the report of the Bengal
anthropometric survey {Majumdar and Rao, 1958) which, as has
been mentioned earlier, was carried out by D.H, Mzjundar in

1945 under the auspices of the Indian Statistical Institute,
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Calcutta. During this survey, seroclogical data were gathered
on more than 2000 individuals bkolonging to 10 population groups
of Bengal (including both west and ecast - now Bangladesh) . An
analysis of thec data showed that there were considerable differ-
ences in the incidence of ARO blood types among these populatiiag
groups. The Brahmins of Bengal havz a lower incidence of &

than is obtained among the Brahmins of U.P. In general, the

B gene frequency is found to be rather high in Bengal.

The Bengal Anthropometric Survey report also contained
a statistical assessment by C.R. Rao of some of the existing
data on the ABO blood groups of Bengalees. In all, Rao examired
33 sets of data. From the shape of the empirical distribution
of Hardy-Weinberg goodness—-of-fit chi-square wvalues for these
sets of data, he concluded that in many of the studies random
sampling scheme had not been followed. ric had also found
significant_investigator differences in the case of Brahmins
and Baidyas. It ocught to bc mentioned, however, that although
Rac attributed significant differences in gene frequencies for
a particular population group tc investigator differences,

actually, however, both investigator differences and geographical

differences were confounded. He also indicated that differences

between caste groups and tribals scem to exlst, with tribals
having a lower frequency of the O gene and somewhat higher

frequency of the B gene,
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N.T. Mathew, working on the relationship between
stature and blood groups, published a large series of data
in 1959, He collected the data from scldiers of the Indian
army. He, however, failed to classify all his data by cndogonous
group, and blanket identities like Agsamese, Andhras, ete., woic
used in several cases. Moreover, for several groups studlied
the sample sizes were less than 20. In any case, this paper
did contain a good amount of serological data from several

parts of India.

During this period individual efforts of several
anthropologists have added a great deal toe the Indian bHlood
group data., OFf those, the studics of 5.5, Sarkar and P.u,
Bhattacharjee deserve special mention. Both these anthropo-
logists travelled far and wide to collect blood Group data.
Sarkar, for ﬁhe first time, collected blood group data from
Andaman and Nicobar Islands in 1952. Puring this period, he
also coliccted data from Zengal (Sarkar et al., 1953, Bihar(Sarkar,
1949, 1954, etc.), Kerzla (Sarkar, 1954), Madhya Pradesh (Sarkar,
1950) and Orissa (Sarkar, 1956) . Bhattacharjeec also collected
a Lot of data from Bengal (Bhattacharjee, 1956), Assam
(Bhattacharjee, 1954), Nagaland ( Bhattacharjee, 1957), etc,

Two other studies which viclded a good deal of data from

Western India inay be mentioned. These are by Sanghvi (1954)


http://www.cvisiontech.com

31

and Vyas et al. (1958)., Whecreas Sanghvi (1954} collected
data on Marathas and Mahars from several rcgions of Maharashtra,
Vyas et al. (1958) reported data on six endogamous groups of

Gujarat,

2.5 1960 and the following years

Although serious blood grouping work started in India
since the 1940's, about 70% of the cxisting dsta have been
collected after 1960, Almost all the anthropological labora-
tories in India which traditionally collected anthropometric
data added a new dimension to their work from the early 1960's,
and started doing serological work. It is practically impossible
to make individual mention or the huge number of studies conducted
since 1960. Cettain laboratories became very wellwestablished
during this period and gererated a great deal of scrological
data. Of these, mention may be made of the Indian Statistical
Institute at Calcutta in éastern India, Czncer Research Caontre
of the Tata Memorial Hospital and the Blood Group Reference
Centre of the Haffkine W Insticute at Bombay in Western India,
and the Anthropological laboratories of the Universities of
Delhi and Puhjab in Northern India. Even during this veriod,
however, data were collected mainly through the efforts of
individual anthropologists/serologists, No serious attempts

have been made by anthropological laboratories, or even the
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apex body for conducting and co-ordinating anthropological
Zesearch in India - tae Anthropological Survey of India, +o
crganise ccllection of serological data on an all-India scale,
although Prof, Gates bhad pointed out long ago that 'the work
of blood grouping should be propcrly corganized in different

parts of the country' (Majumdar and Bashadur, 1951-%52) .

Puring this period @ numbor of review articles werce
also published (o.g., Bhalla, 1966, Bhattacharjee, 1977,
Chatterjce and Mukherjee, 1979, etc.).. While most of thecse
articles were descriptive in nature, a fcw have performed
chi=square tests of homogeneity of phenotype frequencics among
populations. Although, by the early 1970's a huge amount of
data were already available on ABO blood croups from the Indizsn
sub-continent, nobody has attempted a through statistical
analysis of +the data. . A rcecent study by Balakrishnan
(1978) deserves special mention since, to date, this is the
most comprehcnsive statistical study on blood groups from the
Indian sub=-contincent, In this study, Balakrishnan computed
genetic distances among 102 selected populaticns of the Indian
sub~continent on the basis of ABC and Rh gene frequencics and
also perfomed a cluster analysis, The main conclusions ot
his study arc 3

Most tribal populations stand out distinctly from the
nen=tribal populationg,
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The population groups of the Indian sub-continent
can be placed in one of the four main ethnic clusters -
Caucasold-Aryan, Caucasoid~Dravidian, Australoid and
Mongoloid,

2.6 Sone general observations

Before concluding this section, it will be appropriate
to briefly review the shifts of emphasis in the ABO blood-group

studies of populations in India.

The mejor shift of emphasis has been in the choice
of populations. In the first few decades of blood grouping
work in India, as has already been mentioned, data were collected
frém not-very-well-defined groups, like Indians (Hirschfeld and
Hirschfeld, 1919), Turko-Iranians (Malonc and Lehiri, 1920,
Bengalis, Punjabis, etc. The Indian caste and tribal groups
have retained their endogamy inspite of centuries of contact.
Moreover, espccially due to foreign invasions, there has been
admixture in varving degrees and of varying types in the different
regions of India, For these reasons, 'it is clear that the ulti-
mate aim should be to treat endogamous units as separate groups
and gradually to build up a knowledge of their differences'
(Mahalanobis, 1958). Greater realisation of this fact by
anthropelogists have led to the collection of data from 'properly

defined' endogamous population groups,
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The second major shift of cmphasis has been regarding
the procedures for diawing of samples from populations. In
the initial stages of blood grouping work in India, most of
the data were collected from hospital records, blood=banlk
records, etc, Chaudhuri {1931) collected his Kayastha data
from family members. In several studies the data were also
collected from persons assembled at fairs, markets, etc. Such
methods of sampling have several obviocus defects. In the case
of hospital records, as Rao (1958} has rightly pointed out,

" 'the correlation of diseascs with blood groups, if it cxists,
would gaiven thém a higher representation'. In the case of
blood bank records, there arc invariably some professional
donors, thus resulting in a multiple enumeration of samnles,
Again, in fairs, markets, etc., people generally asscomble
from places far and wide, The geographical location and the
social status of the samples are difficult to obtain properly
in these cases. Realisation of these errors in sampling led
workers to become more and morce careful while sélecting thair
samples, Because of obvious practical difficulties, lLowever,
statistically sound sampling designs are gencrally impossible
to adopt strictly in practice. In fact, perhaps the only
serological survey where a rigorous statistical sampling design

was put to practice was one among the Santhals of Midnapore
district in West Bengal, conducted by the Indian Statistical
Institute, Calcutta (Hanurav, 1964). 3ut in any case, care is
- generally taken to avoid multiple enumeration of samples,

related samples, etc,
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"CHAPTER

il

THE DATA

3.1 Description of the data

The data used in the present study were collected
from published reports, as well as from unpublished sources
through personal correspondence. An attempt was made to cover
exhaustively all ABO blood group studies carried out upto 1977,
relating to various population groups of the Indian sﬁb-
continent - mainland India, Bangladesh, North-West Pakistan,
Bhutan, Tibet and Nepal, and the islands of Andaman and
Nicobar, Lakshadweep, Amindive and Minicoy, Maldives and
Sribanka. Studies based on fewer than 20 observations were
excluded from this study, and in a few cases where AlAzBO

frequencies were available, the sub-classification was ignored.

Fach data set was categorised into an ‘area’ based
on the geographical location from where the samples of the
study were drawn. These ‘'areas' generally coincided with the
present 'States' of the union of India. There were, however,
a few exceptions. West Bengal and Bangladesh, for example,
were classified as one 'area'., They constituted one State -

Bengal, before 1947, and it was found impossible to partition
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much of the data collected from Bengal intc West Bengal and
‘?Bangladesh. Because of their geograpnical sesvaration from
mainland India, che islands of Andaman and Nicobar, etc.,

have been treated as separate 'areas'. The 'areas' wero
arranged lexicographically, and were given two-digit identi~
fication codes. In all, a total of 859 data sets, comprising
222,764 individuals, were compiled for this study. The distri-
bution of the total number data sets among the 'areas' have

been presented in Table 3.1.

The basic data included in this analysis have been
presented in Appendix 1, in the following format | .
(1) a serial number, (2) a five-digit identification code
cf the data set, in which the first two digits denote the
‘area' code, and the next three digits is the serial number
within the 'érea', (3) name of the populacion group,
(4) location of sampling within the ‘area', wherever available,
(5} the sample size, n, (8) - (9) the percentage freguencies
of blood~groups 0, A, B and AB, and, (10) thg\source of the

data. It is to be noted that within ezch 'area' the studies

have been arranged chronologically.
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3.2 Gene frequencies and so.e basic statistics

Since in many of the early publications gene freguen-
cles were not calculated, and becauze in the later studieslno
uniform method was followed in calculating gene frequenciecs,
maximur likslihood estimates of the freguencies of genes
A, B and O were recalculated for all the 899 gata sets, using
iterative scoring method, described in section 4.1. The
agreement of the observed phenotype freguencies with those
expected under Hardy-Weinberg equilibrium was examined for
each data set by calculating the D/0 value and +the goodnesg—

of- fit chi-square value,‘j@  Methods of calculating the

HW
D/ and’}?Fw values have been described in sections 4.2 and
L

4.3, respectively

The maximum likelihood estimates of A, B and O gene
frequencies, their standard errors and the D/¢ aﬁdﬂ&?qw values
have been presented in Table 3.2 for all_;he agata sets included

in this study.

3;3 Classificaticon of the data

3.3.1 Geographical classification ., An aznalysis of the

gene frequencies in terms of tne 'areas' described in section
3.1 may not be of much value in indicating the nature and extent

cf geographical variation, since in most caser the 'arcas'
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coincide wifﬁﬁpolitical Stat=s, and political boundaries are
generally extremely artificial. Natural/ecological classi=-
fications, however, generally cut across boundaries of poli-
tical or administrative units like States, and in quite a fow

studies the location i1s described only in terms of the State

'where the study areca falls., Adopting such a geographical cla-

ssification would, therefore, entail the discarding of a

"number of studies. The geographical classification suggested

by the National Atlas Organization of the Government of India
does not cut acrqés éﬁétes{.and this classification was adopted
for this study with some mincr modifications. The Indian
sub;continent was thus dividedJinto six geographical zones
given in Table 3.3 énd Figure 3.1, where each zone is identified

by a single=letter ccde.

Mixed samples 1ik2 'Hindus', 'Depressed Class', ‘'Jains

'.7 1 -~ 1 o
and Vaishvas', etc., and those for which thL*X?HW TSRSl

out to be significant at the 5% level were excluded from
further analysis. The distribution of the remaining data sets

in the six geographical zones have been presented in Takle 3.4,

3.3.2 Socio-~religious classgification . Because of

linguistic and cultural diftferences, the pcople of the Indian

sub-continent are divided into a large number of endogamous
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population groups. Over 3000 such eundogamols groups have heen

identified in India. They can broadly be placed in one of thre

two categories: (i} groups falling within the Hindu caste system,

and (1ii) groups falling outside the caste system. The groups
falling outside the caste gsystem are the vearious tribal groups
and the religious groups like Muslims, Christilians, Parsees,
etc. The nature of the Hindu caste-system also allows the

caste groups to e arranged hierarchically.

On the basis of anthropoclogical considerations, the
population groups were divided into the following ten socio-
religious categories (Malhotra, 1978), each shown with a two-

letter identification code,

1. Hindu Upper Castes {(UQC)
= comprising the Brahmins,

\
2. Hindu Middle Castes (MC)
- other than bh.oahmins and lower castes,

3. Hindu Lower Castes (LC)
- comprising mostly the Scheduled Castes,

4, Muslims {(MU),
5. Christians/Anglo-~Indians (CH),
6. Parsees \P2),

7. Tribals - Australoid (AT)
~ found chifly in central and southern India,

8. Tribals - Mongoloid {(MT)
- found mainly in north-east India and
the Himalayan region,
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9. Tribals - Caucascid {CT)
- found sporadically in southern India,

10, Tribals - Negrito (NT)
~ found mainly in the Andaman islaunds.

As mentioned earlier, data sets for which the'ﬁfﬁw

turned out to e significant at the 5% level, and nixed samples
were excluded from further analysis., Moreover, because of lack
of information, a few population groups could not be classified

into any socin-religicus category.

The distribution of the data sets into the 10 socio-

religious categories has becn presented in Tablic 3.5,
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Table 3.1 Arcawise distribution of number of
data sets and total sample sizes

'Area' i, Jepevn no. of £otal'
code data set sample size

(1) G I I Y
01 Andaman and Nicobar Is. 11 1718
02 Andnra Pradesh 45 15314
03 Assam 26 2305
04 Bengal {(West Bengsl and

Bangladesh} 75 22726
05 Bhutan, Tibet and Nepal 30 6863
06 Bihar 44 15250
o7 Goa 10 1832
1015 Gujarat ‘ 42 6435
09 Jammu and Kashmizr 14 3869
10 Karnataka 10 2559
il Kerala 50 5597
12 Lakshadweep Is. il 113
13 Madhya Pradesh 45 5483
14 Maharashtra 137 21383
15 Maldive Is. 1 211
16 Nagaland 12 21cC8
17 North-West Pakistan 10 1423
18 Crissa 51 8750
19 Punjab, Himachal Pradestha?zana

and Delhi 93 43176
20 Ra jasthan 1G 5453
21 Sri Lanka 22 10910
22 Tamilinadu 63 L4383
23 Tripura 7 1195
24 Uttar Pradech 89 17282

total 895 222764
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Table 3.2 Maximum likelihood estimates (% s.e.) of AEC
gone frequencies, D/g and‘X?Hw values for

pcpulation groups of the India sub-continent

o TaenuiHeas ek 1ikeliRood
ieeles tion code estimates + s.e. 5
S . SL.no. L/c o
'  Area within o q 5
Area
S R ) By L T T R, . S
0l 0Ol 0.5401+0.075 0.0914+0.007 0.358+0.066 =-0.5325 O

) ol 002 0.440+C.089 0.225+0.011 0.33540.060  1.2792 1.

3 01 003 0.019:+0.008 0.05340.000 0.92940.008  0.5360 ©.288

4 01 004 0.24310.032 0.334+0.004 G.423+0,0117 -0.6204 O.

5 oL 005 0.123+0.022 0.261+0.00z 0.615+0.015  1,2799 1.

6 0l CcO6 0.11940.031 0.035+0.001 0.3464M.030 =0.81CO O.

i ol 007 0.03940,008 0.C7040.000 G.890+0.007 =-0.1696 O.

8 Ol oo8 0.054+0.016 0.043+0.000 0.904+0.0l6 ©.6962 OC.

9 cl 009 0.16940.012 0.245+0.001 0.586+40.008 0.1068 C.013
10 01 010 0,073+0.018 0.207+0.001 0.72040.013 ~C.2565 O.

1, 01 Ol1 0.0204C.007 0.03630,000 0.94440C.007 0.5519 0©.305
12 c2 001 0.125+0.028 0,29140,002 0.58040.018 0.3892 0.776
dig 02 002  0.258+0,033 0.139+0.003 0.603+0.028 ~0.3634 O.148
‘14 02 003 0.13840.03% ©.22440.003 0.638+0.028  0.5127 0.
s 02 004 0.084+C.030 0.,3304£0.002 G.586+40.017  1.1577 1.393
16 02 005 0.225+0.019 C.196+0.002 ©.57940.014 -1.1927

17 02 006 0.15840.023 ©.194+40.002 0.648+0.018 ©.0953

18 02 007 0.11840.014 0.25340.001 0.629+0.010  0.6728

19 02 002 0.13740.014 0.181+0,001 0.682+40.011 =1.1736

20 02 009 0.13340,003 0.20340.000 0.665+0.003  1.8140% 3,

21 02 010 0.13740.018 0.249+0.001 0.614+0.0i3 =0,2277

2 02 oll 0.18840.018 0.29740.002 0.515+0.0l1 =-0.7264 O
23 02 01z 0.182+0.020 0.182+0.002 0.535+0.016 O.6230 O.
24 02 013 0.21640.018 0.17640.002 ©.60640.014 =1,0142 1

25 02 014 0.237+0.016 0.263+0.007 7.499+40.011 ~2.1252% 4.

* significant at the 5% level

Note: Names of population groups, sample sizes, blood-group phenotype
frequencies and source are given in Appendix 1 (pave 716)
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:
3
EEONE) ) (5) (© (7) (87
: '

EH?E 02 015  0.14040.022 0.29040.002 0,37040.014 =3.6306%  13.953%
27 02 016 0.20640.020 ©.15240.002 ©.64240.016 =0.5778 0.335
| 26 02 017  0.2224C.0l4 0,209§0.0U1 0.56840.Cl1 ~C.2495 ooz
' 59 Oz 013 0.293340.029 0.235+0.003 0.47230.020 =0.0334 ¢ .ol
L 30 02 019 0,26240.024 0.23240.0C2 ©.50540.017 =1.8657* 2,596
£ 31 02 020 0.10240.018 0.16240.001 0.73640.015  0.9494 0.2086
32 02 021  0.13940.043 0.05040.002 0.77040.032  1.0661 1.126
33 02 022 ©.15940.027 0.18940.002 0.65240.021  0.9925 0.970
3@ 02 023 0.21640.028 0,28340.003 0.5014C.018  0.5868 C.34C
3 02 024 (.16740.007 0.210+0.COL 0.62340.0C5  2.2902%  5.191%
36 -02 025 0.17040.028 0.28840.003 0.54240.017 =0.5417 0.294
37 02 026 ©0.12740.023 0.3024C.002 C.57140.0la =-0.2781 C.079
- 02 027 ©.184+0.019 0.23040.002 0.58640.014 =0.0789 ©.006
39 02.028 0.13240.020 0.26840.002 0.60140.014  0.5403 0.230
L 10 02 029 0.166+0.023 0.256%0.002 ©.577+0.016  1.1223 T
41 02 03C  0.147+0.033 0.236+0.003 0.617+0.023  0.7994 0.628
B 12 o2 031 0.16240.01C 0.222+40.001 0.616+0.007  1.1032 1.209
L 43 02 032 0.11840.020 0.18940.00l 0.693+0.016  0.4980 0.247
L 44 02 033 0.123£0.024 ©.210+0.002 0.667+0.018  0.1989 0.040
45 02 034 0.039+40.019 C.26640.001 0.A95+0.C13  0.1133 .013
L 46 02 035 0.15540.025 0.16040.002 0.68.:1%0.020 =-0.1238 0.C15
' 02 036 0.19640.012 G.20140.001 0.603+0.009 2.5101*  6.681%
02 037 0.20440.035 0.21340.003 0.583+0.025  1.6955%  2.940

02 038  0.07040.013 0.22940.001 0.701#0.009  ©.6672 0.443

02 039 0.1650.038 0.18640.003 0.649+0.030 =0.3890 0.118

02 040  0.24040.013 0.22840.00L 0.53340.002 =C.2318 0.054

02 041 0.25840.046 0.141+0.004 0.60140,038 =0.7208 0.529

02 042 ©.21140.002 ©.5584C.017  1.3253 L.72%

0.23140.C23

N

i

R . £
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(1) (2) (3) (4) (=) (6) (73 {83
54 02 043  0,291%0.C35 0.231+40.004 0..79+0.024  '.369¢  1.807
55 (2 044  ©0.19740.Cl6 0.32240.0C2 0.461+0.C0%  0.837%  3.524
56 02 045  0.15640.023 0.29640.007 C.548+0.014  2.2132% 4.708%
57 03 001  ©.18€640.006 0.237+C.0CL C.577+0.005 -0.8468  G.71C
58 03 002  0.10640.022 0.211+0.002 0.€33+0.C2- =0.0038  G.CLC
50 03 003  0.27840.024 0.173+0.002 0.550HI.CL9 =2 .2738% 3 gk
6C 03 004 2,17840.024 0.29940.202 G.523+0.C1 €.3884 | 10,120
61 63 005  0.34640.027 C.2464C.003 0.40840.018 -1.7943%  3,.15
€2 03 006  C.24040.C1l4 0.17740.C01 €.583+0.011 ~1.4840 2,229
63 03 007  0.31340.026 0.14740.002 ©.5414+0.021  1.5734  2.418
64 G3 008  0.29040.013 0.222.40.001 0.488+0.0C9 -0.7776  C.309
65 03 079  0.21640.01< 0.14640.001 0.639+0.C011  ©.03380  0.001
6% 03 OL0  $.24440.023 0.21140.002 0.545+C.017  1.0226  1.02Q
67 03 011  0.27840.024 €,20940.0N2 0.51240.018 -0.1943 ©.0.038
68 03 Cl2  ©.24740.023 0,29840.003 0.45540.,0i4 ~0.6440 0.720
69 03 Ol3  0.2484.C23 0,11540.002 0.63640,020  2.3665% 5..60%
10 C3 014  0.25640.019 0.175+7.002 0.569+40.015 1.0187 1.016
71 03 C15  0.177+C.C20 0.116+0.C01 0.707+0.C17  0.9214  ©.352
72 03 Cle  C.214+0.022 0.168+0.002 0.618+0.018 =0.4132  &.172
73 03 017  ©.17742.019 0.081+0.001 0.74240.017 =-0.8156 0.569
3 03 018  0.19840.,021 ©.071+0.001 0.731+0.02C  0.699%  C..::8
75 03019 0.145+0.022 0.15740.001 C.697+C.018  ©.2822  0.00%
76 03 020 0.16530.013 0.208+0.001 C©.627+0.01C 0.9310 0.874
77 03 021 0.15640.014 ©.21710.0C1 ©.627+C.C10  1.CS04  L.205
78 03 022  ©.0814+0.016 0.279+40,00) 0.64040.010 C.5765 0.330
19 03 023 0.14440.024 0.22140.002 0.63530.018  0.0627 0,001
80 3 024  0.14640,021 C©,21440.002 0.64C40..716 =-1.8219% 3,382
8l 03 025  ©.16540,022 C.181+C.002 0.6544+0.016  1.6190  2.5359
82 03 026  0.,22640.020 C.14240.002 0.63.30.017 0.3268 0.107
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B (2 (3 (2) (s) (&) 7) @
83 04 001 0,.15110.715 O.Z&ZiOQOOl 0.,¢07+0.C10 -1,1302 1.292
B4 04 002 0.17413C.026 0.283+0.002 0.542i0=016 0.6849 ¢.501
85 04 003 ©.195+0,021 C.195+0,002 0.309+C.016  1.3698  1.844

86 04 004 ©.16740.02C G.260+0.002 0,573x0.013  0.7.38  ©.519
87 04 005  0,156+0.015 0.27310,001 0.568£0.010  1.4i6v  1.977
88 04 005  0.152+0,021 0.276+0.002 0,57220.01¢  0.1532  0.025
g2 04 007 0.176+0.C31 C.2860+0.003 C.5641+0.021 1.29€69 2.640
ele] 04 008 0.,202+0.026 0.211+0.C02 0.587+0,019 C.9676 C.921
91 Q4 00% O,lé9i0.026 0.222+0.002 C.5629+GC.019 -2 . 0855%* T ANOF
92 04 010 0.154+0,031 0.283+C.003 0.564£0.020  1.2849  1.5C2
93 04 011  0.232%0.048 0.362#0.006 0.40540.023  0.2135  0.045
94- 04 12 0.167+0.022 0.2091+C.C02 O.623i0.0l6 C.0744 C.0C6
95 04 C13 0.17030.012 0.2621+0.001 0.568§0,008 -0.5974 0.359
96 Q4 Cla 0,09410.030 O.IC6¢O=OOl C.800+0.027 -0.0032 C,.000
97 Q04 015 0.13010.020 C.260+0.002 C.509+C.014 1.2244 1.474
o8 Q4 0leé 0.14510.018 0.,240+0.002 0.615+C.013 -0 .0058 C.0G
sle] 04 C17 0.188+0.01¢6 0.264+0C,002 0,5481+0.011 0.4296 C.138
100 04 018 0.191+0.C28 0.263+0.003 0.54610,019 =0.0906 C.cos
}Ol c4 0C19 O.l93i0.02O 0.152+C.002 0.655+C.C1l7 Q.460C 211
102 04 020 O.l62i0.022 C.2654C.002 0.,7340.015 ¢,2594 C.ue7
103 04 021 C.210+0.045 0©.23940.004 C.55140.032 -0.290C 0.08%5
104 04 022 ©.16940.024 ©.268+0.002 0.564+0.016 0.1049  U,Cl1
105 04 023 C.177+0.027 0.26910.003 O.555io.018 0.2499‘ 0.062
106 04 024 0.307+0.026 C.23640.003 C.25740.,018 1.0659 I s
107 04 025 0.15910,013 C.233i0.00l 0.608+0.009 0.3627 0,136

- 108 04 026 0.149i0.038 G.2704+0,003 O0.581+0.025 =(0,1353 0.618

1C9 C4 027 0.140i0‘036 0.23910.003 0.621+0 226 ~1,8204*% 3,455

. 110 04 028 0.209+C.,070 0,1131+0,005 0.6784C.061 l.1526 1l.282
111 04 029  0.1594C.01C ©..3940.001 0.60240.007  1.7289% 2,821
i, 04 030 0.1584C.0l5 0.281+0.00L 0.562+0.01C  ©.3765 C.148
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I Qe (g (4) (5) (6) (7) &)
113 04 031  0,248+C.018 0.13410.00L ¢ 51810.C15  1.0308  1.C65
114 04 032  0.181+0.026 0.18610.002 0.6334C.02C  ©.5149  C.263
115 04 033  0.2624C.034 0.19040.003 0,548+0.026  1.22C4 1.450
116 04 034  0,146+0.022 0,23%10.002 0.,614+0.015 =0.C76%  0.CC6
117 04 035 € 193+0.033 0.277x0.0C3 ©.530+0.C212  C.62375 0,366
18 04 036  ©.164+0.016 0.246+C.001 C.591+0.C11  0.6048  C.3C3
119 04 037 ©,237+0.052 0,2%040.C0€ 0.47320.032 =0.4567 0.z13
120 04 038 ©.167+0.024 0.294xC.002 0,.538+0.015  0.0861  0.343
121 04 039  0.149+0.023 0.364+0.C02 0.487+0.011 -1.2750 1.86%
122 04 040  €.20C+C.022 C,251+0.002 0,549+0.013  ©.3599  0.129
123 ©4 041 0.177+0.0C8 0.235:0.0C1 0,588+0.C06 =-1.086C  0.997
124 04 042%g?0.182i0.019 C.21740.C02 0.601+0.,01¢ Y.6486*% 2,565
e, | oF el 0.1734C.004 0.25040.0CC 0.577+0.002 4.5051% 20.271
126 04 044  0.199+0.06¢ 0.243+C.001 ©.558+0.006  0,3611 3,130
127 04 C45  0.180+C.Cl5 0.244+0.001 ©.575+0.011 ~0,2000 ©€,C40
126 04 046  ©.184+0,C15 0,221+C.001 ©.5$4+0.C011 =0,8191 0.676
129 C4 047  0.223:0,020 ©.319+C.002 0.458+0.011 =-0.8768 0,731
130 04 048 :0.22610.017 0.302+C.002 0.472+0.C1C  (©.3454 0.119
Q31 04 049 0.179+40.C15 ©,239+C.C01 ©.582+0.01C -1,5820  2.526
13 04 050  ©.163+0,023 0,249+0.002 C.FR8+0.016 =-1.0051  1.020
133 04 051  0.235+0.045 0,261+C.C05 0.5C41+0.029 =1.3545 1,924
134 04 052  ©,202+0.035 0.30420.004 0.4941+C.021  ©.3831 0,145
135 04 053  $.190z0.015 0,236+0,001 ©.574+C.011  ©.5919 C.34C
136 04 C54  0.2011#0.013 G.22320.0C1 G.577+0.009 ~=G,2888  C.08C
137 04 055  0.165+C.01% ©.2563+0.002 0.579+0.012 =-0,5637 ©.32C
138 04 056  0.19530.035 0,288+0..04 0.5174+C.022 =C.C129  0.203
139 04 057  0,208+C.025 0.212+C.CC2 0,579+0.C18  1.2599  1.556
140 04 O58  C,245+0.035 ©.20130.003 C€.554+0.026 =-0.5835 C.345
141 04 052 0,185xC.018 0.299+C,CCl C.616+0.013  0.7738  C.402
la2 04 C6U  C©.156x0,020 C.,222+0.002 C.622+0.01¢ C,3481 ©Oulzl

s

4
4
—

e
|
-] I~
4
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(1 (2) (3) (4) (5) (6) (7 (&)
143 04 061  ©.234+0.061 0,546+C.008 0.221+0.0C0 ©.5960  1.61C
144 04 062  0.21940.030 0.279+0.003 0,53240.019  0©.56C5  C,310
145 04 063 ©,21440.015 0,197+0.001 C.389+0.C11 =1.5602  2.4C9
146 04 064 0.213:0.017 ©.268+0.002 0,519+0,011  1.1382  1.277
147 04 065  0.223+40.018 0.2534C.002 0.52440.012 =0.5286  0.281
148 04 OF6  0.,2484C.C23 0,22240.002 0.52940.017  0.0215  0.0C
149 04 067  0.23140.026 ©.309+40.003 0.460+35.015 =-1.0489  1.127
150 04 068  ©,1813C,0%5 ©,2514C.002 0.368+0.0127  1.3982  1.907
151 04 D69  0.165+0,018 C.260+0,002 0,575:C.012  1.056:  1.10L
£152 04 070 ©.19840.01% 0.244+0.00z 0.55340.013 =-G.3393  0.11¢
133 04-071  ©0.09840.C2C 0,43040.002 €.47240,007 =~31.1611  1.379
154 04 072  ©0.237+0.023 0.26240.002 0.500+0.015 ~0.8093  0.685
04 U73 C.1i44+0.025 0.2974C.C02 0.5590+0.015 =0.7453 0,543

04 074 C,164+0.019 0.182+C.0C1 0.654+G.0L5  ©.6816 C©./6l

04 075 0©,171240.026 0.347+0.002 0.482+0.013 =C.1350  5.018

05 00l 0.44510.03C 0,249+0.004 0.306+4C.Cl9 =2,6131% 11.55C*

05 002  0.244:10.057 0.186+0G.005 0.570+0,044  ©.7544  C.540

05 003 0.,249+0.037 0.17640.003 0.575+0.029 =0,0962  U.000

05 004 0.235+0.036 0,13520.003 0.631+0.,03C  ©.5799  G,323

05 005  ©.24520.005 0.12(5C.u01 0.565+0.005 ©.2760 C.U76

05 006 ©0.147+0.021 ©.21240.002 0.6414C.016 =~0.6609 0.440

05 007  ©0.216+0.022 0,167+0.002 0.617+C.018 G.5776 C.326

05 008  €©.192+0.025 0.249+C.002 0.558+0,017 =0,3953 (.155

05 009  ©.192+0.029 0.181+0.002 0,627+0.022  1.9837*% 3.3C7

05 010  0.40420.042 0.12140.004 0.47540,036  1.6178 2,510

05 011  ©.261+0,027 0.209+7.003 0.531+0.0zC ©.1C7C C.C11

05 012  0.1184G.023 0.229+0.002 C.653+0 0i7 -G.7287  0.53%

05 013 0.105+0.033 0,284+0.003 0.610+0.021° -0.2332  0.055

05 014 ©.1550.033 0,.33+0,003 ©.672+2.024  1.5384  2.200

05 015  0.089%0.019 G.27440,001 0.638+0.C13 =0.3004  ©.021
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(1) (2) (3) (4) (5) (6) (7) (8)
173 05 Q16 0.112£0.,018 0,22440.001 ©.87440.012 =0.0384 C,C01
léd C5 017 0.09240.024 0.2744+0.002 0.634+0.018 =~0,1777 C.0352
175 05 Cl8 C.147£06.015 €.,212+40.0C1 0,4401+C.011 C.3294 0,112
l?é 05 Ql9 0.175+0.036 0.,1954C.003 C.630+0.027 =1,.C475 il T2
177 05 ©C20 0.131+0,016 0.261+5.0CL 2,603+0.011 =-0,.338% G118
1758 U5 021 0.1674+C.C43 0.508+C.005 $.32540.000 -1.4878 3.098
173 Cs 022 0.13840.C45 Q,176+0.0G03 0.886+0.026 =0,4770 ¢.230
180 05 023 0.244£C.026 0.,1980+0.002 O.EE5+0.C20 C.1078 C.0lz
181 05 024 0.323+0.C16 0.173+0.002 O,5Q4i Cil3z =~(0.5137 C.217
152 205 025 0.13940.025 0,193+C.CC2 LH0684+0,020 =0.5487 0.729
183 05 026 0.169+0.043 0.25940.004 C.57214£0.029 =£.,2209 C.048
184 Cs 027 C.13340.839:-0.29¢4C,.0C3 8.5774+0.025 =0.8607 G.445
185 05 €28  C.17840.C19 C.241+0.002 ©.581+0.013 =C.9214 C.G559
;186 05 029 €.3931+0.025 C.117+C.202 0.49040.021 =-0,C071 C.0CC
BT 05 030 0.16140.Cl7 0.24740.C0L 0.5924G.C12 ~C.1556 C.026
ilse 06 CC1l° 2.21912.C13 C,281+C.0C1 0.499+40.008 :.8730 0.755
189 - 05 002 0L.17840C,018 C.17840.0C1 0.6524+0.C14 C.3849 0.15%2
190 06 CO3 0.173i0.015 0.260+0.0C1 0.567+0.01C «1.2002 2772
191" C6 004 0.1074£6.039 ©.3754C.003 0.517+C.C18 =~1,0100  1.C52
192 06 005 ¢.1834C.055 0.183+C.C05 CL.E34+0C,0423 =0L1721 CL.L30
06 Q06 C.145+0.,019 C.2074C.001 C.6474+0.014 =C,6746 .58

06 007 0.240+0.055 0.278+C.0C6 0.4821+0.034 =0.8173 L6891

06 008  0.21C+C.C28 0.205+0.0C3 0.584+0.021  ©.5346 C.2%3

Ce 009 C.CO2+C.017 0.225+0.C01 0.681+0.012 =C,6573 0,35

06 010 C.,15440.043 0.3331C.0C4 0.46440.019 0.3834 C.l45

06 011 0.24440.055 0.17240.005 0,584+C.043 =-0.0509 G.002

06 012 0.275%£0,032 0.323£0.06C4 0.4034C,717 =1.3837 2.1CC

e 013 C.2254+0.029 C.2654+C.003 C.5C9+0.C19 =0.0882 C.o08

06 Cla  ©0.3784£0.085 C.C244+0C.0C4 0.598+0.083 =-1.2822 R g

06 Cls 0.281+C.G58 0.224+0.0Ce C.490+0.041 =0.3836 UL.150
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(1} (2} (3) (4} (5) (6) (7} (e)
203 06 016 ©.105+0.041 ©.29240.003 0.60240,026 =0,1414 £,020C
204 06 017  ©,.231+0.044 0.390+0.CC5 ©.379+0.013 =0.793%  C.702
205 06 C18  ©.20910.022 ¢.185+0.C02 0.G06+C.Cl7  1.4563 2.C68
206 06 0l9  0.259+40.033 0.183+C.C0O3 0.558+0.026 =-0.1372  G.ClS
207 06 020 C.19540.036 $,303+C.C04 0.501+0.021  ©.0357  0.C0L1
208 C6 021 O.l9liO¢034'O.151iO.603 G.65840.028 =-0.390C  0.153
209 06 022  0,233+0.057 0.328+0.006 ©.439+C.031  ©.8553  $.771
210 06 023  ©0.16640.031 O 241+0.003 0.%93+0.022  2.1505% £ .326%
211 06 024  0,15434C.023 0.497+0.003 0.34540.L0C 1.8602 3.45C
212 06 025  0.263+0.C30 0.285+0.003 0.452+C.018 =~0.8537 .. 37
213 06 026  0,280+0.035 C.266+0.004 G,453+0.C22 ~1,3024  1.7%7
214 06 (27  ©.1762C.026 0.233+C.C02 ©.531+0.018 =0.4210 0.173
215 06 028  0,203+0.027 0.257+C.003 0.530+0.018  1.6412  2.602
216 06 029  0.,274+0.C42 0.173+0.004 0,5531+0.034 =0.5409  ©,297
217 06 030  0.22340.030 0.12530.C02 0.65220.025  G.0932  0.GC9
218 06 031 0.298+0.0l4 0.27640.002 0.425+C.0C8  ©.3455 O.11€
219 06 032  0.373+0.C27 0.231+7.003 0.396+0.C18 =1.0878 1.214
220 06 033 0.180#G.032 0.273:C.C03 ©.547+0.021  2,2506% 7, 7uex
221 © 06 034  0.1£540.C03 0.27330.00C 0.563+0.C02  1.6312 2.053
222 06 035 C.16420.C12 C.27C+0.001 0.56640.008 =1.1208  1.248
223 06 036  C.18430.023:0.277+C.002:0.63930.015  C.1994  {.ug
224 C6 €37  C.19840.C15 ©.2944+C.002 0.50840.CC9 =L.4811 C.223
225. 06 038  C,28440.026 0.2624C.003 0.454+0.017 ~-0,4317  ©.185
gze\ 061839  (.1804C.C23 C.25740.0L02 0.5624C.C16  C.5717 (.26
227 06 C40 .2:440.C32 C.2C140..03 C.55440.024 0.137¢  C.G19
228 06 041  0.23640.024 C.28740.003 D.47740.,€05  =3.2557% 11.267%
229 06 C42  0.18440.021 ©.30140.002 0.51540.013 ©.1646  (.026
®30 C6 043  ©,1804C.022 0.28440,0C2 0.53740.C14 -2.15038 L .026
231 06 C44  5.213#0.022 0..86+40.0C2 C.5(14+0.G13 0©.0938  0...C9
232 C7 COl  0.19540.021 G,23740.002 0.5684,,C15 -1,0269  1.07C
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233 07 G2 C.21110C.017 C.20240.002 ©.527:0.C12 =3,250L%
23¢ 07 Q03  0,2052C.C15 C.252+0.00L C,543+C.C10 ©.2882

255 07 004  C.201#C.C24 C.2131C.CC2 0.585+0C.C18  G.5365

236 C7 005 ©.185xC.020 ©.173+0.CC2 0.642+0,.C16  ©.3260

237 07 0C6  0.2041C.043 0.179+C.004 G.6173C.033 1.7557*
238 07 0C7  C.22C04C.031 C.14040.002 0,640+C.C26 L5800

239 07 003  C.244+40.024 0.21340.002 0.543+C.017  G.2753

240 07 009 0.27410.034 © 12140.003 Q.605+0,029  ¢.8527

241 07 Q10  ©0.215+C.C28 C.188+0.C02 C.5974G.022  O.6184

242 08 CCl  ©.1544C,024 0.2264C.0C2 C.621+G.018  ©.1351

2:3 08 0C2  ©.13540.C22 C.2€4#G.CC2 C.60040.015 1 .4166

204 08 (03 C.20020.03C 0.29340.003 C,5014C.018 00,0358

2508 004 0.21140.026 0,23040.003 C.5594C.019 =-1.0533

266 08 005 ©.20240.03C 0.29510.(D3 0.503+0.G18  C.7476

24708 006  0.16340.023 C.3C1iC.002 ©.53640.014  G.1437

246 08 007  (C.201+0,029 C.24340.003 0.5553+0.020 =1.8093%
249 08 08 ©.243z0.032 C.1824C.003 ©.5753+0.025  1.3620

250 08 009  ©.1914C.029

251 08 €10 0.193+C.C27
252 08 011  ©,28740.C32
253 08 Cl2  0.207+0.026
254 08 013  0.174+0.028
255 08 014  ©.185+0.028
25% 08 015  ©.228+0.031
257 08 016  0.223940,031
258 08 017  ©.261+9,C30
259 08 018 G

[

.29340.003 C,511+0,018 (©.2732

.268140.003 ©.539+0.018 ~=0.5879

-21440.003 0.49940.024  ~=1.6956%
.25540,C03 0.538+0.C18 =0.6280

.27C+C 003 0.556+C.018 =0,6605

.22040.0C2 0.5954+C.020 =-1.,4165

.1864C.003 C.58640.024 L4466

:2274C.C03 C0,53440,022 -C.9561
2724C.003 0.46640,C019  ~1.,2903
.251+0,C03 ©

25C 08 019  0,2014C.016 C,1964C.COL
261 08 020 (C.179+C.023

B2 08 2

cC Cc o o ¢ o

o O

-
~3
(N
+
o
o
R
o8]
]

73+0.319 =0 ,0797
C.6C340.012 - 0.89%6

C.2C74C.002 ©.61434C.017 =~0.5296
0.16540.C02 © Cl7 =-0.1%91



http://www.cvisiontech.com

Table (3,2)

-contd.

(1)

(2)

{3)
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263 08 022  0.263xC.324 0.11946.002 G,.618+0.02¢ -1.2115 1.:083
264 0B 023  ©,215+C.C22 .272+0.C02 ©.513+0.C14 1.4922  2.162
265 08 024  C.1604+C.019 C.2€2+C.002 G.578+C.C13  2.,1157% L348%
266 08 025  (.22810.022 C.16640.002 CLE8CE40.018  =C.2677 C.l72
267 C8B 26 C.,1:94L.C19 G.25 40 .00z 0.6C1+0.C13 C.9533  ©.393
268 08 007  ©.168xC.019 C€.25740.052 C.574+C.C13 C,0952  C.oCs5
269 C8 028  ©.14210.026 C.27C+C .002 C.58740.017 2@ 1 NggcE
270 08 029 C.127xC.024 C.27740.0C2 O.586+G.016  =0,9214  w.362
270 08 030 C.163#0.C19 C.2544C.0C2 ©.578x0.C13 C.0Ll51  ©.CCG
272 08 031  ©.1303#C.C19 C.20810,LC1 ©.68240.01< =1.3749  1.9.8
273 08 032 G.195+7.022 0.2114C.0C2 C.590+C.017  1.1294 1.:235
278 08 "33 0.234£0.024 CL1:7+C.0C2 C.5694C.C2C -1.8281*% 3,425
08 C34  0.2113C.C24 C.257+C. 02 C,53240.016 =0.6083 .340
08 035 C.18:4C.020 C€.2344C.lC2 ©.582+0.C14 1.3854  1..G7
08 036 0.,263x0.024 C.1274C.C02 C.31020.u20 =0.5502  ©.3v5
08 €37  (.12940.017 (.237+4C.C01 ©.6344%.012  1.1326 1.2G7
08 G38  C.C84#0.014 ©.20840.CCLl 0,7C340.011  1.7819* 3.121
08 039  C.143#0C.018 0©.1944C.001 C.E634C.014 ©.0221 C.oul
08 040  C.1233C.022 (.3121C.002 C.56640.013 =0.7360 C.5.9
08 041  0.102:0.020 C.31640.C02 C.53240.C12 =2.C342% e
08 C42  C.069x0.016 ©.27640,0C1 C.65540.C1C -1.C068  1.02
09 COL  ©.314#C.046 C.2051C.0C5 U,L48140.034 =0,4811 C.235
09 €02 0.2054C.021 0.278x0.0C2 C.51640.01a 1.3581 1.u02
0% CL3 C.19440.007 ©.2134G,C01 U.59340.005  C.4877  C.237
09 004 0.13420.C16 C.26640.CCL C.53C40L.01C 1.C547 1.1CC
06 €05 C.1374G.C14 C.27C#+1.0CL ©,59230.00G =C.50U3  U.339
09 CLe  C.1974£0.031 0.2472C.003 0.856+C.0 ~CRh@EP | fOmd imi
0 €07 0.18240L.037 0.33C4+C. 004 CLaB640.02C G.1402 o LI
09 008  0.193%0.025 0.2200.02 0,50630.013 C.7365  G.536
09 0% 0.20910C.C29 0.2:940.003 0.5424C.01l9 ~C.7975 G, <47
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293 09 010  0.264+0.030 0.232+40.003 0.505+0.021  0.4322 0,185
294 09 011  0,202+0.019 0.258+0.002 $.539+0.013 =0.2786 0,144
295 09 012  0.223+0.032 C.292+0.003 0.485+C.019  0.7235 ©.516
296 09 013  0.165+0.026 ©,270+0.002 0.565+40.017 =0,1213  ©.C15
297 09 014  ©.,205+0,029 0.247+0.003 0.548+0,020  2.4618% 5.751%
208 10 OC1  ©,148+0.021 ©0.160+0.001 0.692+0.017 0.9983  0.526
299 10 002  0,439+0.038 0,1144+0.003 0,448+0.032  0.2776  0.077
300 10 003  0.196+40.035 0.189+0.003 0,614+0.027 1.2537 1.524
301 10 004 ©,210+0.014 0,181+0.001 ©.608+0.011  1.7632% 3.063
302 10 005  ©,170+0.017 ©.19310.001 0.637+0.Cl3 ~C,6151 ©O,3e1
303 10 006  0,256+0,020 0,203+0.002 0.541+0.015 0.,0202  Q.0C0
30¢ 10 (07  0,205£0.014 0.239+0.,001 0.556+0.010 1.8051 2.536
305 10 008  0.146+0.018 0,1654+0.001 ©.689+0.0l124 0,501z 0.250
306 10 009  0.180+0.01%Z 0.285:+0.001 0.574+C.010 -0.3606  0.130
30" 10 C16  0.080+0.Cl7 0.309+0.001 ©.611+C.010 =0.2868 (.08
308 11 001  0.471+#0,027 0.09240.002 0,43740.023 =1.0525 1.125
309 11 002  0,160+0.024 0.090+0.0C1 0,749+0.021 =~1.7383% 3.423
316 11 003  ©0.19610.042 0.115+0.,003 0.689+0.036 =~2.1341% 4.730%
317 11 004 0.19330.025 0.207+0.002 0,600+0.019 =0.2017 0.091
312 11 005  0.19740.018 0.12040.001 0.683+0.016 =1.6295  2.503
313 11 006  0,220+0.028 0.140+0.002 0.640+0.024  1.5553  2.356
314 11 007  ©0.15910,031 0,091+0.002 0.750+0.023 =1.4073 2.012
315 11 008  0.GOC+0.000 0,471+0.000 0.529+0.CC0 =0.0201  0.000
316 11 009  0.101#0.015 0.167+0.001 ©.732+0.012 2.6742% 7.0L1%
317 11 016 ©.13440,015 0.175+0.00% 0.691+0.012  4.0052% 15.604%
318 11 011  ©.298+0.038 0.225+L.004 0.477+0.026  2.3192% ¢ ,985%
1319 11 012  0.157£0.026 C.163+0.002 0.679+0.321  0.2489  0.064
320 11 013  0.214#C.025 0.13740.002 0.650+0.021  1,9886% 3.859%
821 11 014  ©.134+C.C19 0,198+0.001 0.6€3+0.014 0.5342 0.234
322 11 Ol5  0.118+0.018 0.068+0.001 0.8144+0.017 0.4708 0.212
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(1) (20 (3) (4) (5) (e) (7l (&)
323 11 016  0.419%0.u26 0.07940.002 0.502:+0.023 -0.1439  0.021
324 11 017 0.45340.024 0.070+0.002 0.477+0.021  0.5637  0.316
25 11 018 0.058+0.019 ¢.141340.001 0.801+0.0l16  0.3032  (.092
326 11 019 0.095z0.051 ©.532+0.005 0.373+0.000 0.8438 0.678
327 11 020  0.274%0.083 0.0301C.003 0.696+0.080  0.6339  0.397
338 11 021  ©.569+0.072 0.111+0.007 0,320+D.060 -0.1455 0.021
329 11 022  0.316+0.034 ©.119+0.003 0.565+0.029 =0.564C 0.321
330 11 023 0.16640.026 C.245+0.002 0.569+0.018  0.4661  0.218
31 11.024  0.265:0.042 G.18640.CC4 0.550+0.032 ~1.8716  3.£70
332 11 025  0,237+0.021 0.187+0.002 0.576+0.016 0.4698 0.223
333 11 026  0,255+0.038 0.197+0.004 0.548+0.028 =0.9926  1.C09
33¢ 11 027  0,32720.046 0.225+0.005 0.448+0.032  2.3943% ©,179%
335 11 028  0.32240.031 0.26620.004 0.412+0.01% ©.8752 0.751
336 11 029  0.2671+0.028 0,244+0,C03 0,489+0.019 =0.5074 0.224
33 11 030  0.343+0.042 0.23410.C05 0.423+0.029  0.6223  0.378
332 11 031 0.325#0.061 0.267+40.007 0.408+0.038  1.6765*% 2.521
339 11 032 0.163£0.032 0.154+0.002 0.682+0.C27 1.6390 2 .616
340 1i 033  0.17740.026 0.157+0.C02 0.666+C.021  G.3445 0,118
34 11 034  0.109+0.026 0.234+C.002 0,.656+0.018  1.2212 1.:71
342 11 035  0.192:0.055 0.130+0.004 0,679+0.046 0.4403 0.192
343 11 036  0.129+0.019 0.240+0.001 0.631+0.013 0.5001 ©.249
344 11 037  0.12140.026 0.156+0.002 0.723+0.021 0.7563  0.557
345 11 038  0.208+C.C40 G.127+0.003 0.665+0.034 0.0794 0.006
346 11 039  ©.085%0.031 0.194#0.002 ©.721+0.024  ©.4108  O.1&¢
347 11 040  €.1:2%0.022 0.13240.001 0.747+0.019  2.2200% 4,924%
343 11 041  0.18530.029 C.261+0.003 0.554+0.C19 ©.7614 0.571
349 11 042  ©0.274#0.055 C.15340.006 0.568+0.352  1.1970  1.363
350 11 043  ©.1611C.057 0.162+0.004 0.67740.046  1.9102% 3.0, co#
351 11 044  0.11230.017 0.170#0.001l G.713+0.013 =0.7834 0.513
352 11 045  0,2271C.050 ©.313+0.005 0.459+C.028  0.4049  O,141
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353 11 046  0.174+0.026 0.138+0.002 0.5688+0.022  ©.8189 0.664
354 11 047  0.,153+0.038 0.178+0.003 0.€52+0.020 =-3,1498% 10,552«
355 11 048  0,124+C.037 0,252+0.003 0.524+0.025 ~0.2404  C.033
356 11 049  0.221+0,027 0,226+40.003 0.553+0,019 -0.2917 C.037
357 11 050  (©.110%C.C30 ©.100+0.001 ©.72+0.027  ©.270L  0.073
3%8 12 001 C.228#0.030 0.189+0.003 0.583+0.023 =-0.9031 0.822
359 13 001  0.186+C.027 €.297+0.003 ©.518+C.0l6 -0.7257 0.533
360 13 002 0.20840.027 0.261+C.003 ©.530+0.018 =~0.2131 0,076
361 13 003 ©0.224+0.022 0.2114+0.002 0,565<0.016 1.1599  1.323
362 13 004  0.21410.074 0.267+0.CC4 0,519+0.028 ©.3923 0,152
353 13 005 0.20430.043 0.,257+0.004 0.540+0,029  1,2930  1.603
364 13 066 0,20830.013 0.208+0.C01 0,585+0.010 ~0.5633 0,319
365 13 07 0.25320.066 0.176+C.006 0.571+0.052 00,1912 C.036
366 13 CO8  0,239#0.063 0.214+0,006 0.546+0.046 ~0.2633  0.070
367 13 009  0.176+0.022 0.3111+0.C02 0.513+0.013 ~1.9807% Relev L
368 13 0l 0.179.0.024 0.2741C.002 0.547+0.015  1.4027  1.918.
369 13 011 0.17020.019% C.212+0.0C2 0.518+0.014 ~0.7359  0.546
370 13 012 0.256+0.C3C 0.278£0.003 0.4664+0.019 ~0.1587 C.07%5
371 13 013 0.14640.028 0.229+0.002 0.625+0.020 -1.0651 1.156
©372 13 Cl4  0.202+#C.038 0.232+4C.004 0.565+0.027  1.064 IERYL0)3)
373 13 015 0.25620.027 0.226+0.003 0.518+0.016  ©.5%39  0.272
374 13 0l6  0.10520.024 0,224+C,002 0,651+0.017 =-1.9880% <./22
5 13 017 0.216+0.025 0.163+0.002 0.621+0.020 ©.6962  0.450
376 13 018 0.21210.032 0.347x0.004 0,441+0.016  1.2609 1.-39
377 13 015 0.277+0.027 0.25840.C03 0.535+0.018 =0.0664 0O.L0~
378 13 020 0.2C0+0.021 €.19440.C02 0.607+0.016  2.3982% = .570+%
39 13 021 0.23914C 023 0.22720.C02 0,33°+0 0l6  0.0587  ©.0C3
30 13 022 0.225x0.041 C.2731+0.004 ©.49940,026 0.7198  C.507
381 13 023 0.25220.033 0, 00+0.004 0.448+0.C19  C.0416  0.002
P32 13 024 0.13540.024 0.32540,002 G.7789  0.537

C.536+0.01°
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383 13 025 0.137+4C.037 0.300+0.003 ©.563+0.022 =-0.0925 0.0C8
384 13 026 0.214+0.033 0.229+0,003 0.557+0.023  2.0701* 4.083*
385 13 027 0.205+0.028 0.189+0.002 0.606+0.022 0.Cl96  0.000
386 13 028 0.19740.025 0.264+0.002 0.540+0.017  1.4696  2.091
387 13 029 0.156+0.029 ©.198+40.CC2 0.646+0.,022 =~1.4003  2.007
388 13 030 0.18040.027 0.236+0.002 0.604+0.012  2.,1123% 4,204%
389 13 031 0.225+0.031 0.278+0.0C03 0.497+0.02C° =0.1815 0,033
390 13 032  0,270+0.046 0,221+0.005 0.509+0.C33 0.7669 O
Baoi 13 033 10.19840.023 0.239£0.002 0.56310.016 =0.5132  0.262
392 13 034  0.184+0.034 0.20940.003 0.607+0.025 =1.1882  1l.44
393 13 035 0.168+0.028 0,350+0.003 0,482+0.014 =-0.4781 O
394 13 r36 0.146+0.026 0.322:+0.002 0,53240.015 0.1728  ©0.030
395 13 037 0.095+0.021 0.361+0.002 0.544+0.011 0,4263  0.180
396 13 038 0.174+0.039 0.27140.C04 0.55440.025 =0.5639  0.323
397 13 039 0,208+C.025 0.230+0.002 0.562+0.018 =0.0564 C.CC3
398 13 040  0.14240.025 0.2381C.002 0.621+0.018 0©.4346 0.188
399 13 041 0.252+C.033 0.300+0,004 0.44840.C19 0.0416  0.CO2
400 13 042  ©.197+0.025 0.264+0.002 0.540+0.017  1.4696 2
401 © 13 043 0.176+0.038 0.210+0.003 C.614+C.028 0.0874  0.008

402 13 044  0.17830,028 0.213+C.0C2 0.608+0.02C =0.8056  (.658
403 13 045 0.190+0.037 0.242+0.003 0.568+0.026 ~0,2148 ©,C:i7
4pg 13 04 0.243+0.021 0.172+0.C02 C.584+C.C17  1.(C92  1.0l4

405 14 OO 0:19540.012 0:159+0.001 0.646+86.010 -0.3125 0.058
406 14 002  0.1874#0.032 0.279#C.003 0.534+0.020 -0.4891 0,272
| 407 14 003  0.185#0.021 0,127+C.COl 0.689+0.013 0.0253  ©.OCL

408 14 CO4 0.17240.026 ©.22040.0C2 0.608+C.019 1.6113 24528
4.9 14 . (5 vt lgho o 2] e L 32N 66T - )B et 9164 N
410 14 C6 V19240 ,021 CL 1584w, L6517 1.1Ce2 1,16
411 14 CC7 CLLl780 .20 L2090 .002 CL.81l240.015  ~L.0183 S L
112 la w08 C.1874+C.C19 CLl342C.CC1 C,70C0+C.016 —~0.6495 Ve 24
2

413 14 CO9  0.206+0.021 C.2C06£0.002 C.587+C.016  C,0064 O.eoC
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(2)(3)

(4)

(5)

{6)

(7)

414
415
416

14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14

010
011
012
013
0l4
015
016
017
018
019
020
021
(22
023
024
025
026
027
028
029
030
031
032
033
034
035
036
037
038
039

0.219+0.022
0.225+0.031
0.,141+0.049
0.217£0.042
0.145+C.037
0.191+0.058
0.362+0.073
0.303+0.066
©.21940,052
C.1971+0.046
0.222+0.061
0.20740.030

.282+0,056

0.14740.051
0.27140.064
0.26240.051
0,14540.051
0,22640.,055
0.27140.064
0.12040.046
0.12240.047
0.27440.063
0.19940.055

0.28040.064

G.185+0.002
C.2984+0.0723
0.258+0.004
0.217+0.004
0.208+0.003
0.191+0.005
0.306+C.009
0.090+0.005
0.275+40.005%
0,316+0.C05
C.25140.006
0.13210,002
0.152+0,005
0.164+0.004
C.3174+0.C03
$.23340.003
0.1851+0.005
0.28340.008
Q0.447+0.006
0.21540.004
0.247+0.007
©.247+0,005
0.145+0,003
0.1882+0.005
0.247+0.007
0.120+0.003
0.239+0.004
0.186+0C.006
0.17940.005
C.169+0.006

0 596+0.017
0.476+0.019
0.60C+0.033
0.565+0.030
0.64740.028
0.618+0.044
0.33340.040
0.607+0.059
0.506+0.033
0.48740.026
0.526+0.,041
0.660+0.025
0.56640.045
0.656+0.038
0.59040,02 3
0.623+0.026
0.588+0.045
0.391+0.038
0.37140.015
0.636+0.038
C.48140.043
0.49140,034
0.70940.042
0.58640.042
0.43140.043
0.76C+0.040
0.639+C.033
0.54040.048
0.62140.,043
0,551+0.051

0.0540 0.003
~CLETREY I | [CrZR6
©.8788  0.7852
L2529 40§ $E1H
l.401% 1,303
~0.0917 0.008
“BL0k6Y B0
~0.4182 QPSS 7ie]
0.2141 0.045
~l.7465% 3.253
1.4946 2,066
~-1.6428 2., 762
-0.4645 0,219
0.9781  ©.934
-0,3406 0.ll6
0.8883 0.777
0.4122 0.168
0.0491 0.CO2
1.3890 1.311
C.6330 0.29]
0.,5328 @©.277
-3.0576% 10.225%
@ D10 - ok eh2
1.3890 1.344
05398 Grav7
~2.8927% 3.c28%
SRS (ERLEEN
C.8024  0©.821
-1.5269 2,437
=0k 02! ldgheEat
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#1). (2) ¢ 3) (4) (5) (6) (7) (8)
444 14 040 O©.1BE+0.051 0.2060.004 ©.608%10.038 =~1.2047  1.510
405 14 041  0.350+0.074 0.168+0.007 0.482#0.058  0.0892  0.003
46 14 042 0.261+0.048 €.20740.C05 ©.53230.035  0.7371  0.533
447 14 043  ©0.339+0.061 0,210+0.007 0.451+0.044 =0.4427  0.20C
448 14 C44  ©,123+0.048 0.1594+0.003 0.,70810.038 =3.27€4% 11.504
449 14 045 ©.214+40.055 ©.19440,005 0.5%2x0.041  1.303%9  1.620
450 14 046  0.35740.072 0.175%0.,007 0.468£0.055 ~1.8695% 3.775
251 14 047  0.263£C.066 0.166+0.006 0.571+0.053 -~0.5073  ©.379
452 14 048  0.213+0.060 0,189+0.005 0.599+0.046 -0.7797  0©.625
453 14 049  0,26140.0680 0.0851+0.004 ©,655:0,054  0.3836  O.1l44
454 14 050 0.249+0.060 0.16430.005 0.587+£0.048  0.3662  0.132
455 14 051  0.164+0.048 0.111+0.003 0.725+0.042 -0.8332 C.706
456 14 052  0.21240.053 0.,21240.005 0.57630.039 -0.6847  ©.478
557 14 053  0.206+0.054 0.338+0.006 0.45530.029  2.1935% 4.291%
458 14 054  0,218:0.049 0.13040.004 0.652+0.041 =0.5423 0.298

459 14 055  0.175+40.053 ©.26710.005 0.55840.035 =0.3041  C.023
460 14 O56  0.35C+C.C74 0.16840.007 ©.48210.058  0.0457 0,002
461 14 057 0.241+0.048 0.256+0.005 0,50310.032 0.3159  ©,100
462 14 058  0.163+0.043 0.225+0.004 0.611xC.031 =-0.0419  0.002
463 14 059  ©0,258+0.,062 0.21340.006 0.529xC.045  ©.1346  0.0i8
464 14 060  0.315+0.073 0.155+0.0C7 0.53040.C58  1.2506  1.473
465 14 061  0.333+:0.074 0.083+0.005 0.584+0.067 =-0.6718 G..6l
466 14 062  0,164+0.043 G.259+0.004 0.577+0.0292  0.2794 oLIe77
467 14 063  0,271+9.061 0.19210.006 0.537+0.046 =1.9772% ,176%
468 14 064 0.17140.017 ©.164+0.0C01 0.565+0.013 0.2502 0,063
460 14 065 0,216:0.056 0.28110.006 0.503x0.035 =-0.160; 0,026
470 14 C66  0.17540,023 0.215+40.002 0.61140.017  ©0,2030 0.0.1
471 14 067  0,213+0.032 0.255+0.003 0.53240.021  0.5376  0.285
472 14 068  (©.17240.038 0.2931+0.004 0.534+0.024 <1.4638  2.237
473 14 089  0.,185+0.014 0.246+0.001 0,5693C.010  0.6877  0.470
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0,257+0,003

1y Licz)y (3) (4) {5) (6) (7) (8,
474 14 070  ©.24240.025 0.17840.002 0.580+0.020 =0.9347  0.886
475 14 071  0.23840,021 ©.2154#0.002 0.54640.016 =0,2060  0.043
476 14 072 0.246+40.019 0.1954C.002 0.5584C.C1l5 0.9404  0.874
177 14 073  0.213+0.022 0.152+0.002 0.635:0.018  0.6745  C.452
478 14 074 0.18310.005 0.204+0.00C 0.61330.004 =-2.7877% 7.834%
479 14 075 0.22130.023 0.197+0.002 0.581#0.0l8 ~2.0639% 4.388%
430 1z 076 0.19340.023 ©.253+0.002 0.553#0.015 =0.7077  0.507
81 14 077 ©0.222+0.023 0,21840.002 0.560+0.017 0./748  0.588
482 14 078  0.238+0.033 0.24240.003 0.52140.022  0.9242  ©.835
483 14 ©79  ©0.216+0.028 0.232+0.003 0.55340.020 =-2.1873*% 4.989%
184 14 080 ©0.104+0.031 0.361+0.003 0.535+0.016 0.5674  0.317
485 14 081 0.168+0.017 0.230+0.001 0.6C2+0.012 ~-1.7268% 3.038
486 14 082  0.164+40.019 0.222+0.002 0.614$0.014 =1.3728  1.915
487 1 083 0.17640.028 ©.22640.002 ©.598+0.02C 0.,4305 0.18%
488 14 084  0.152+40.027 0.220+0,002 0.62740.01%  0.8221  0.567
289  1¢ 085 0.136.0.025 0.243+0.002 0.621+0.018  2.2626% 1.929%
490 14 086 0.194+0.030 0.213+0.003 0,59340.022 0.1119  G.0l2
491 14 087 ©.196+0.030 0.142:0.002 0.662+0.025  1.8420% 3,303
192 14 088 0.233+0.032 0.195+0.003 0.57240.024  0.4519 0,202
493 14 089 0.173:40.028 ©.27740.003 0.55040.018  1.9521% 3.553
294 14 090  ©0.170+0.028 0.106#0.002 0.72440.025 ©.9917 0.973
495 14 091 0.1774C.C06 0.221+0.001 0.602+0.004 =-0.7132  ©.529
496 14 092 0,211+0.022 0.373+0.002 0.41640.010 =2.,3342% 5 .890%
497 14 093 0.28640.030 0.257+0.003 0.45740.019 =-1.1613 1.387
498 14 094 0.13640,02& 0,19640.002 0.668+0.018 -0.5627  0.315
499 14 095  0,28C+0.036 0©.22040.C04 0.50010.026 -0,4343 C.191
500 14 096 0.165+0.016 0.170+0.001 0.665+C 013  2.9867% 3.689%
801 14 097 0.03220.014 0.266+0.001 0,702+0.009 =0.6642 O.44s
502 14 098  0.199+0.023 0.79510.002 0.606+0.018 0.2056  0.012
503 14 099  ©.287+0.03C 0.457+2.019 =1.1584  1.285
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(1) (2) (3) (4) (5) (6) (7) (8)
504 14 10C  0.270+C 024 0.164+6.002 C.566+0.C19 =1.4767  2.215
505 14 101  ©.183+0.028 0.189+0.002 0.52840.021  1.1420  1.296
506 14 102  ©.232+40.028 0.23710.0C3 0.530+0.020  ©.3570  3.125
507 14 103  ©,121+0.,021 0.26710.002 0,613+0.014 =0.24779  ©.230
508 14 104  C.,205+0.029 0.188+0.,002 0.607+0.022  0.6998  ©.484
509 14 195 0,163+0.022 ©.1293C.00L C©.707+0.0C19  1.18%0  1.326
51C 14 106  0.22740.030 0.132+40.002 0.641+0.026 =-0.7001 0,95
511 14 107 ©0.187+0.C20 0,12640.001 0.6864+0.C1l7 =1.3190 1.76l
5127 14 108  0.127#0.,014 0.22940.0C1 0.644+0.010C  C.9602  0.91%
513 14 109  0.230+0.023 0.124+0.002 ©.645+0.020 =-0.1726. 0.030
514 14 110 ©.10740.022 ©.37410.002 0.51940.01C -0.6088  0.375
515 14 111  ©.13440.024 0.24220.002 ©.6244+0,CL7 0.C066  0.LCO
516 14 112  C,25530.034 C.178+0.C03 0.567+0.026 =0,8919  ¢.306
517 14 113  0.232z0.012 0,219+0C.001 0,54910.0C9  1.6636% 2,751
+ 5J8 14 114  ©.1%240.045 0.,240+0.004 ©.80740.031 =1,1011 1.252
519 14 115  0.1443#0.027 0.11240.002 0.74540.024 =-GC.0781  0.CC5
520 14 116 0.21340.014 0.,227+C.001 0.580+0.C10 =0.4665 C.215
521 14 117 <C€.219+0.032 ©.213+0.003 0.568+0.023 0,3710 ©.138
522 14 118  0.2074£0.028 ©.266+0.0C3 C.52740.018 =0.2338 C,055
523 14 119  0.268+0.026 0.210+C.003 ©.522+0,019 =0.2667 C.07C
524 14 12C  0.14610.028 C.308+C.003 0.546+0.017 =0.4940 Q.247
525 14 121  ©0.289%+0.034 0,520+0.004 0.1914+0.000 =1.6422 32.406%
526 14 122  0.146+£0.027 0.28210.002 0.572+0.017  1.519¢ 2545
- 527 14 123 0.,23530,031 0.31840.003 0,447+0.017  0.4428 0.194
528 14 124  0.275z0,035 0.28940,003 0.536+0.022  1.8215% 3.158
529 14 125  ©,199%0,035 C.2974C,004 0.50440,021 =-1.4375 2.151
530 14 126 0.,269%C.Cl0 ©0.23910.00) 0.49240 ,007 ~3.,4225% 11,9:0%
531 14 127  0.16C#7.031 0.20840.0C2 G.632+C.023  ©.1022  O.0L1
532 14 128 0.252x0.028 0.1561+0.002 ©.52240.023  0,3580 0.130
533 14 129 0.29010.002 0.561£0.016  1,3737 1.837

Ry —

0.150+0.026
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534 14 130 0.218+0.,030 £.206%0,003 0.576+0.023 =0.6484  0.426
535 14 131 0.208+#0.029 0,145+0.002 ©.647+0.024 ~0.7332  GC.543
536 14 132 0.20%+0.029 0.116+C.0C2 2.68210.025  ©.0810 0,007
537 14 133 0.1494C.C23 0.2141C.,002 0.636t0.C17 -2.0024% 4.123%
538 14 134  0.15840.023 0.154+0.002 0.688+C.019 =-2.3097* 8,126%
539 1la 135 0.197+C.027 0.202+0.002 0.602+0.020  0.5851  C.339
560 14 136 ©0.198+0.046 G.292+0.005 C.510x0.028 =-0.0827  0.007
541 14 137  0,181+0.,027 0.315+C.003 0.503x0.0l6 -0.2067 0,043
542 15 OOl ©0,105$+0.015 0.130+0.001 ©.7A51+0.013  0.3220 0,104
543 16 001  0.241#0.025 0.079+0.002 0.680+C.023  0.1335  0.018
544 16 002  ©,301+0.03C €.121+C.00; 0.578+0.026  ©.5203  0.3C3
545 16 003  0.255+0.029 C.074+0.002 0.674+C.027 =0.,1581  0.027
546 lo 004 0.27840.038 ©,295+0,004 0.427+£C.,022 -0.5284 C.284
547 16 005 ©.213+0.026 0.1423+0.002 0.644+0.022  1.C664  1.122
548 16 006  0.161+0.036 0.161+0.003 ©.67720.029 =-0,7134  0.515
1549 16 007  0.2.5+0.032 0.1660.003 0,609+0.026 1.0185 1.019
550 16 C08  0£.218+C.018 ©.127:0.001 ©.65414C.C15  1.8638% 13.446
- 551 16 OU9 C.250+C.023 0.05840.,002 0.661+0.030 =0.8395 0,819
| 552 16 010  ©.33820.033 C.150%0.C03 0.5120.027  ©.7C09  ©.484
553 16 011 ©.15740.011 0.107+#0.001 C.736%0.010  1.1336  1.284
554 16 012 ©,19340.024 G,10240.002 0,705+C.021 =0.5402  ©,299
555 17 CC1  ©.,211+0.025 0.2244C.002 0.564+0.018  1.7946% 3,135
556 17 GC2  ©.16C+0.027 G.24940.C02 0,591+0.019  1.7569* 3,121
557 17 QG3 C.155+0,031 0.155+0.002 0.691+0.025 C.2744 C.075
‘558 17 004  ©.1814C.028 ©.284+0.003 0.535%G.018 0.5520 0.,3C4
550 17 005  0.151+0.025 0.228+0.002 0,62240.018  2,146G% 4.4527
560 17 006  0.176+0.023 ©,196xC,002 ©.628:0.017 ©.2811  G.079
B61 17 007 0.218+0.017 0.2394C.002 0.54440.012 0.417: 0,173
562 17 008  ©.18440.C19 7.260x+0.002 ©.556+0.013 =~1.6935% 2,923
563 17 009  ©.222+0.036 0.240+5.002 $.339+0.025  1.8701% 3,332



http://www.cvisiontech.com

Table {3.2) contd.

(1) (2) (3) (4} (5) (6) (7) (8)
f6: 17 010  0.14 9ic C21 ©.226+0.002 JU.625+0.C15  ©.2828  ©.08C
565 18 001 0.160+0.,035 C.200+0.003 0.63910.027 ~1.9225% 2.841*
566 18 CO2  ©.241+C.027 ©,305+0.002 €.45510.016  0.4655  0.214
57 18 003 ©.139+0.053 C.19C+0.004 0.6711C.041 -0.B462  0.736
568 18 CO4  D.194+0.066 ©,25840.0C6 0.54340.044  0.0027  ©.0C0
569 18 705 C©.168+0.026 0.345+0,003 C.4874C.012 1.2843  1.551
870 18 006  ©.255+0.031 0.23110.003 ©.513+C.,022  1.9422% 3.602
71 18 007  C.19240.028 ©.181#C.0C2 ©.6274C.022  2.0338% 4.078%
572 18 008 0.159+0.041 0.267+0.004 0.56440.027 =0.5944  ©.360
573 18 009  ©,228+0.034 C.3153C.C04 0.45710.019 =-0.6389  0.416
574 18 O1 0.23140.021 0.260+C.CC2 0.509+0.014 =0.2548  ©.065
575 18 Oll  0.20240.C20 0.275+0.0C2 0,52240.015 =-0.2397  0.058
576 1 Cl2  ©.211+40.022 G.214+C.002 0.57430.016  1.2373  1.504
§77 18 Cl3  C.24540.021 0.24240.C02 0.513+0.014 =0.1299  C.017
&78 18 Ola  ©0.18240.019 0.306+0.002 0.3511£C.011  1.1064  1.203
579 18 G15  ©.203+C.Cl7 ©.3132C.002 ©.48340.01C  0.9315  (.892
580 18 016 ©.222+C.,017 0.271+3.,002 0.507£0.011  0,4601  C.210
§81 18 017 ©.213+0.024 C.27240.002 ©,515#C.01%  0.2322  0.054
582 18 Cl8 ©.l60+0.018 ©.212+0.002 ©.6281+0.014  1.1560  1.330
583 18 C19 ©.189+C.023 ©.2122C,0C2 €.599+0.021 «0.1481  ©.021
584 18 020 0.14740.017 0.154+0,C01 0.6991+0.014  2.7582% 7.435%
5g5 18 G21  ©.194+0.021 ©.218+0,002 0,588£0.015  &.4649% 19.137*
586 18 022 0.129+C.018 0.261+0,C001 ©.621+0.012  1.9206  3.603
587 18 ©23 C,177+C.02C 0.260+C.002 C.563zC.C1l3  1.0175  1.020
588 18 U24  0.2344C.020 €.226+0,002 0.54040.Cl4  0.336C  C€.126
589 18 ©25  ©.101+0.017 0.294+0.001 ©.6C5+C.011  ©.7735  C.6C7
590 18 C26 ©.15040.025 C.26040.002 0.59Q4%.017 -0.2542  C,C62
591 18 ©27  ©.207+0.033 0.269+0,003 0.523#0.021 =-1.C835  1.155
592 18 028  0.222+0.022 C.184+0.C02 0.59430.017 =2,6339% 7.206%
593 18 029  ©.201+0.C21 ©.22340,002 U.577%C.Cl5 =1.8165%  5.383
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592 18 030  0,2004C.021 0.17040.002 0.62940.017 -2.4106% 6,021%
595 18 G31  ©,185%C.C20 ¢,179+C,CC2 0.€37+0.0l6 =-2.2206% §,813%
596 18 032  ©.1774+C.02C ©.1564C.C02 U.6671C,Cle =1.4086 2 .004
597 18 ©33  0.201#G.021 C,16440.002 C.63410.017 1.0926 1.179
598 18 034  0.20510.021 C.23710.C02 ©.559%0.015 =1.0467 1.113
569 18 735  C,198+#0G.,02C $.303+C.C02 0.498+C,012  ©,423C ¢.181
600 18 C36  ©.209%0.,015 0.271+0.002 ©.5203C,011  1.40%° 1.952
601 18 037  ©.193%C.021 0.175t0.002 0.6321C.0l6 =0.4926 C.244
602 18 038  ©.215%*C.022 €.271+0,C02 ©.51410.014  1.1818  1.369
603 18 039  0.159#0,019 ©.235+C.002 0.606%+C.Cle 1.9394% 3,670
604 18 040 ©.13640.C28 0,209F0.002 0.65530,021 =1.6782% 2,872
§05 18 041  0.271+C,033 0.26240.,004 0.467+0.021  2.1146% <.205%
606 18 042  0.,2£4%0.021 ©.279%0,002 0,477+C.013 1.,4168 1.958
607 18 C43  0.247%%,022 0.28410,002 0.468+0.C13 2.6257%  6.4C4%
€98 18 C44  ©.133%#0.021 0.3982C.002 0.46940.009  3,1998*% 0,766%
609 18 045  0.,2301C.037 C.205%0,003 C.565+0C.027  2.0053%  3.828
610 18 C456 C.25040G.C33 0.28240.604 0,46240.220 1.5619 2.332
6l1 18 047  C,178,0.C26 C.305+0.CC3 ©.519+C.016 --C,4363  (.152
6l 18 048  0,19440,033 €.2584-.003 C.54810.022 G..053 0.00C
613 18 049  0.2214..033 ©,235+0.C03 G.54410,023 0.9945 U,966
616 18 C5C  (€,2323#0,.C24 0.25310,C02 C,51510.016  ©.9938  C.9lC
615 18 051  0.C8440.C1l1 0.19740,C01 0.7194C.0C9 =2 ,3556% 5.646%
616 19 001  0.16040.017 0.3663C.002 0,:74+0.0C8 =].5389 2.425
617 19 002  0.172%0.017 0.242+0.001 0.58640.012 1.1026 , /l.24€
19 003  ©0.20140.030C 0.23340.0C3 0.56640.021 =-0.7138 0,520
19 004  0.197+0.006 0.24240.001 0.56240.004 =-0,2253  0.051
19 005  0.18149.012 06.2594+0,001 0.5604u.C08 =1,4139 2.022
19 00¢  0.188;0.006 0.22140.001 0.5914C.004 =-1.083C  1.178
19 007  0,20440.01$ 0.,23540.002 ©, .6i+0.013 =~0.1643  C.027
19 008  0.17540.006 0.23140.C00 0,59440.004  1,5065% .258
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624 19 009  0.191+C.009 ©.257+0,C01 U.55240.G06 =~0.3566  C.127
625 19 010 ©.186+0.C06 ©.253+0.001 0.56140.004  2.1153% 4.435%~
626 19 011 0,260+0.068 0.260+0,007 0.479+0.045 =0,5512 0,313
627 19 012  ©0,28440,036 0,274+0.004 0,443+0.023  1.5128  2.18&6
628 19 013 0.,17510.046 0,192:40.C04 0.63340.036 =~1.1:94  1.386
629 19 214  0.180+0.012 0.229+C.001 0.390+0.008  1.0050 1,003
€30 19 015 0.167+0.019 ©.260+0.002 ©.574+0.013 ©.4339  0.187
€31 19 0le  0.128+0.025 ©.200+0.002 C,672+C.019  2,0920% 4.262%
632 19 017 0.1060+0.007 0.2844C,001 0.,555+0.004  2.,0244% 4,102%
623 19 018 0.,163+C,007 0.292+40.001 0.545+0.004  1.9012% 3.697
634 19 019 0.229+0.038 ©.3574C.C04 C.41440.018 =0.5756  0.340
335 19 020  0.240+C0.,023 ©.285+0.002 0,474+0.01¢  1.2904 1823
636 19 021  0,206+0.031 C,213+C.0C3 0,580+0.023 0.5991  C.355%
637 19 022  0,201+0.040 ©.379+0.004 0.420+C.0l8 -1.1378  1.507
638 19 023 0,29640,022 0,2484+0.002 0.45540.C14 =-0.792C 0.636
639 19 024  0.263+40,034 0.27610.004 ©.42840,021  0.65C4 0,419
64C 19 025  0.169x0.004 0.245#0.00C C.586140.003  2.787&6% 7.,717%
641 19 026 0.163+0.004 0.29440.000 0.543+0.002 1.1254  1.263
642 . 19 027 0.229+0.026 0.260+0.003 0.511+0.017 1.1203 1.233
643 19 028  0.140+0.024 0,2344C.002 €.625+C.017  1.0825 1,153
644 19 029  ©,234+40,033 ©.290+0.004 0,47640.020 =-0.7284  0.544
645 19 030 C.27040.069 0.241+0.007 0.489+0.047 0.8745 0,730
€46 19 C31  C.162+C,034 C.2411+0.003 0,59740.024 =1.1556 1.376
647 19 032  ©.309+0.G62 0,229+0.007 0.462140.043 =0.7265 C.546
648 19 033 0.126+40.045 0.166+0.003 0.708+0.036 -1.8564  3.554
642 19 03¢  0.214#0.032 0,25610.003 0,53CxC.021  0.9902 0,958
650 19 035  0,290#0,026 0.24940.003 0.46147.017 =0.2277 0.053
651 19 C36  0.168+0.034 0.287+0.003 0,546+0,021  1.2238  1.455
652 19 037 0.1514C.C31 C.,217+0.002 0.532+0.022 -0.0437 C,002
653 19 038  0.,2081#0.030 0.,25210.003 0,%4G30.C20 =~-0.1295 0,016



http://www.cvisiontech.com

Table (3.2) contd.

[

(1) (2) (3) (4) {57 (6) G (3)
654 19 039 0.2133+0.Cs7 © 243+0.C05 -.54440.032 1.5457 2.264
655 19 040 0.166+0.021 0.2381+C.002 0.596+0.015 C.7872 G.613
656 19 041  ©0.,172+C.019 ©,233+-.002 (0.52540.013  ©.3428  0.11Y
657 19 C42  0.18240.C2C 0.306+0.002 ©.504+C.012 =0.9464  ©.910
658 13 C43 7.258+40.C19 0.162:+40,002 ©.580%C.015%  0.7271 0,539
659 - 19 Csz4  0.237+0.023 C.263+0,002 0,5CC+0.0l5 =0.8C93  U.G65
860 12 045 0.176+0.,027 0.2504+0.002 0.57340.018 i J2REBY i S EE
661 19 Oc6  ©.2094C.047 C.568+C.006 ©.22340.0CC -C.93C04  4.875%
662 19 047  0.195+0.039 C.314+0.C004 ©.491+C.C22 -1.9800% 4,160%
663 19 048 0.177+0.C25 0.341+0.C03 0.4382140.013 =3.4278% 12.618%
664 19 049  0.161+0.015 0.304+0.C01 G.5352+C.009  0.2281  0.107
665 19 050  0.166+0.012 0.280+C.001 ©0.554+0,008 ©.9578 0,910
666 19 COs51  0.,195+C.Cls ©.275+0,C01 0.529+C,C09 1.053C 1.096
667 19 052 0.,2474£0,042 ©,292+0,005 0,461+0,025 -0.1673  €.028
668 19 053  0,22840.035 ©.270+0.004 0,503+0.023  ©.7323  0.598
P669 19 G54 0.287+0.025 C.314+C.003 0.40620.014 =1.0910  1.223
p670 19 055 0.12910.018 0.29945.0C1 0,57230.010 ©.1678  ©.028
71 10 05¢  0.217+0.030 0.24240.003 0,54020.C21 0.7673  ©.587
19 057  ©.265+0,035 G,24340.004 C©.493+0,024 =-0.5179  C.272
19 058  0.215+0.034 ©0.255+0.003 ©.,530+0.023  1.3157  1.690
19 ©39 £.17240.009 0.265+C.00L 0.5644+0.0C06  1.3073 1.717
19 060  0,171+0.C17 ©.262+0.,002 ©.567:+0.C011 0.C599  0.004
19 061  C€,17240.012 0.272+0.001 ©.556+C,CC8  ©.7729  0.595
19 062 0.187+0.010 ©.252+C,001 0.56140.007 -0.0787  G,006
19 C63  ©,18440.008 0.280+0.001 0.536+0.CC5  0.803C  0.642
19 064  0.1731+0.CC8 ©,263+0.001 0.56440.005  1.1492 1.315
19 065  0.1€640.,014 0.24340.,001 ©.592+0.010 ©,9217  0.843
19 066 0.182x0.027 0,329+40.003 G,489+V.,015 =-1,:107 2.693
19 067  0.250+0.019 © 31610.002 0.£34+0,01C  2.,3802% 5,454%
19 C68  0.16110.C13 0,29340,001 ©.5:640.C08  0,1343  C,034
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|- (2) (3) () (&7 (&) (7) (3)
684 19 069 ©0.173+0.015 0.293+0.001 ..533x0.009  0.1303  0.0l7
685 . 19 C70 © ©0,17540.013 0.302+0.CCl 0.52240,008  ©0.1395  C.019
686 1% 071 ¢,165+0,013 ©.287+0.C01 C.34840.008  C.7550  C.566
687 19 C72 C.168+0.010 0.291+0.001 C.,541+0.,006  C.3953 G.156
688 19 073  0.166+40,014 0.315+0.001 €.519+0.008 C.6%43  0.478
689 19 C74 C.178+0,92C (.29C+C.002 0,53210.C12 0.1869  ©.033
590 19 075 0.16410.0l5 0,292+0.001 0,54434C.009  0.01%0  ©.0CC
691 19 076 0,319+0.033 0.271+0,004 ©.4101C.C21  0.2472 C.197
692 19 C77 0.32240,039 0,203+0.0C4 0.47510.029 0.9127 0.814
693 19 078  0.302+0.035 0.,209+0.004 0.48940.026 ~0.4733  0.225
694 19 C79 C.111+0.033 ©.225+0,002 C.663%0.024 1.1066 1.198
695 19 080  0.238+0.032 0.225+0,003 ©,537xY.023 =-0,1100 ©.Cl2
1 696 19 081 0.1184C.023 0,360+0.002 0,522+0.011 ~0.,3677 ©.136
607 10 082  ©.15110.019 C.33540,002 0.515+0.C10 0.1675  0.028
698 19 0B3  0.290+0.048 C©.3C4:10.006 0.40740.027  0.6253  0.379
P69 19 O34  C.313+0,044 0.1444C.C04 0,54040,036  0.6245 ©.384
1700 19 085 0.202x0.0:6 0.231+0.0C4 ©.567+0.032 =-1.8341% 3.635
$701 19 086 ©.238#0.034 0.275x0.C04 ©.48710,021  0.3539  C.124
1702 .19 087  0.313#0.056 0,30940.007 0.3781+0.031 =-0.,7013  C.569
7€3 19 088  0.305+0.019 C.2144+C.C02 C.481%C.014  0.3751 C.143
764 19 G89  0.146+C.0C26 C,252+0.,002 0,80240.C18  ©,161C ©.C26
705 19 C9C C.261+C,033 G,241+0.0C3 0.,£98:0.,023 Wi TG a1 3. 02
06 19 91  €.159+40.C27 ©.258xC.0C2 0.58240.C18 =0,2503 C.066
707 19 092  0.,2C1i0,03C C©,233#v.0C3 $.567+6.C21 1,447, peglCae
08 19 C93 ©.20840.030 C.190+C.CC3 0.60140.V23 ©,5728  0©.325
709 20 C01  ©.214#C0.028 G.247+0.003 0,.539+0.C19 00,1610  0.026
710 20 €02  0.172+0.027 €.25840.0C2 “,.571+7.C18 =0.4762  ©.229
711 20 C03 (C.1744C,C11 0,24640,0CL G.579+0.0C8 1.517¢  2.276
B2  2C 004 0.175+0.C1C € 269+0,0C1 C.55740.C07 0.0331 U.cC1
13 2C 0C5 ©.174+0.C60C ©.23030.C05 0.596+0.C43 -C,2271 0,052
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0 (2) () (4) (s5) (6) (7) (&)
744 22 QC4 0.150+C.o06 €.1821+0.000 C.E6840.CC5 L 2081% 17 .432%
745 22 005  0,202+0.025 0.266+0.CC2 0.532+C.C16  0.2322 C.682
746 22 006  0.156+0.,C08 C€,182+C.001 0.662+0.066  1.7417*% 3.Cll
747 22 007  C.170+4C.C23 G.234+C.CC2 G.596+C.C17 3.1545% 9,438
748 22 CC8  C.L14940.C27 ©.200+40.002 C.651+C.C20  C.3470  ©.708
749 22 OC2  0,102+0.032 ©.138+0.0C02 0,76040.627 1.3195  1.7C9
750 22 ClO  ©.140+0.C21 C.219+0.C02 C.6414C.0ls 1.2376  1.508
I5E 022 @11 0.130+40.021 C.194+0.002 C,076+C.017 0.81¢3 C.590C
752 22 012 0.197+C.028 C.118+C.C02 C.585+0,024 G475 @, 251
753 22 013  0.150+C.027 ©.181+0.C02 0.66530.021 1.6876  2.765
734 22 Cl4a  C,140+0.049 C,20840.004 0.651+0,037 e ELs Y8, 812
755 22 (15 ©.21240.051 0.08540.C03 0.763#0.046  0.3456  C.117
756 22 016  C€.129+0.019 0©.12320.001 0.748+0.C1l7  0©.1362 L.CO5
757 22 Q17 €.131+0.020 C©.19240.001 0.676+0.015 =C.0353 C.CCl
757 22 €18  ©.131+0.C22 €,258+0.002 G.6114C.C15 =0.0727 ©C.CLS
759 22 Cl9  C.107x0.027 ©.297+0.CC2 v.596+0.017  1.4G54 2.097
760 22 CG2C 0.,167x0.036 0.338+0.C02 06.495+0,C19  1,433C 1.961
761 22 C21  0.152+0.035 C.0672C.002 0.781+C.CG32 =0.3451  G.119
962~ 22 022 (C.176%0,038 €.24440.003 0.58C+0.C26 =0.,1135 <.C13
B763 22023 0,17330.C37 G.2532C,003 0.57546.025 0.0030  G.631
764 22 024  C.19940.041 ©.C37x0.0C2 0,76440.C39  1.0102 G
765 22 025  C.149#V.043 C,217+0.003 ©.633+0.032 1..85% . 3.601
766 22 €26 0.162#C.C48 C.1€2+V.004 0.676+C.C39 =0.6639  0.0G61
767 22 027  O,071xC.034 ©.1481C.C02 C.78040.029 =C.5739  C.332
768 22 028 0.,12240,047 C.26510.0C1 C.61340.031 =C.3C12 v,C92
769 22 029  0.085+C.04C 0.284£0.CC3 0.631+50.026  1.3350  1.844
770 22 C30  C.1874C.015 C.23540.0C1 G.57740.01C  1.4083  2.545
¥71 22 C31  C.CO0HC.CLC €,.22240.00C 0.77340.0CC =3.0296  C.GCO
172 22 032 C.15810.Cls C.19540.0C1 Q.64/32v.ClC =0.5063C G.443
773 22 033 $.,19240.024 C.180+0.0C2 0.62840.Cl9 =2.,7<40% 7.512%
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774 22 C34 0.136+£C.Cl% (.2791C.C02 0.534+0.012
['s 22 G35 C.21532.026 0.1G6+0.002 0.619+0 .02
176 22 03C  G.17440.012 C.233+V.0C1 0.6243+0.C09
17 22 ©37 0,15240.011 C©.1784C,C01 C.67C+L.LCC
778 22 038 0.160£C.C16 ©.2444+0.C01 0.597+0.011
779 22 39 C.121+0.C13 C.197+V.0C1 ©.60240.,C10
§80 72 C40  0.13240.,039 C.16040.003 C
181 22 041  G.130+C.011 ©.242+C.0C1 ©
7182 22 042 C.137+C.039 9.C3:40.,002 0.72910.03
83 22 043 CL.15749,L06 O o 2

o

784 22 044 GL1E34C.030 0.222+4Y.002 0.51520.C22
785 22 343  0.18C+0.C34 0.310+0.003 0.54C+0.020
186 22 0i6  0.201+0.628 G.14C+0.002 0.659+0.023
gE7- 22 C47  0.114+40.C15 ©.21740.001 ©.5589+C,.011
w8 22 048 ©,217£0.C32 C.170+0.003 U,E13+0.026
789 22 042 ©.152x0.023 C.19:1Y 002 0,550+0.018
790 22 05C  ©.168x0.014 0.150+0,.0C1 0.603+C.C11
791 .22 051  ©.125+C.C13 C.25240.001 0.624+0.009
272 22 G52 G.0CC+0.0C0 0,293+0.C00 C.707+0.0CC
433 22 053 C,175%C.025 C.19440,002 0.830+0.019
194 22 052 C.14940.C31 G.22640.0C3 U.62540.C22

+
gi5 22 Cc5 C,.112+40.032 O,

13 75440 .027
796 22 (56 C.19304+2.032 ©.37
2 272

8 .
797 22 ©87 C.O0C0T7+0,003 ©,229+0,0C0 7653002
758 22 05y C.147+0.V36 0,15820.003 ©.,455540,030
29 22 C59 C.159+0.034 C.199+40.0C3 O,6-140.C2€6
80C 22 C&C 0.153+£0.02G ©.31040.002 0.538+0.C16
1801 22 OAl C.281#0.054 0.,1294+v.C05 0,5584C.054
302 22 0G» C.17320.,03C 0.3751C.C03 C.452+4C.014
B03 22 063 0.011x0.303 €,236+C,C00 0.75340.002
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B () (3 (4) (5) (6) (7) (8)
: 5
;834 24 024  ©.179+0.924 0.289+C.0C2 0.5321C,Cl5 =1,7072%  3.CG07
P835 24 025  0.24140.065 0.357:0.C07 ©.40320.031 =-1.4166  2.419
s 22 026 0.22730.039 0.2284U.CC4 O,54540,%27 -0.C462  0.CC2
B37 24 027 0.236+0.C46 C,211+0,00; 0,.553+0,033 =~0,551C  C.343
P83 24 028  ©.16920.C23 G,419+C.C02 0,21240,008 -C.0154¢  (0.679
#0839 24 0.9  0.287+C.033 0,208#0.C03 C,.50530.C24  0.0420  0.002
B0 22 03¢ 0.271+40.055 G,23640.C06 0.49340.0338 =C.53:2  0..83
#841 24 C31  0.24210.06¢ 0,2684C.007 0.49C+C.041 ©.2731  C.074
B2 22 032 0.223+0.027 0.288+0.0C3 0.4894+0.017  1.7082% 3.C69
B3 22 033 0.35940.,054 0.12640.005 0.515+C.045 =1.5326  2.455
P854 24 031  0,19740.035 0.28810.003 6.515+0,021  1.1118  1.198
1845 24 735  0.205#0.027 0.26840.003 U,52610.C18 =0.023C  (.G93
BBis 21 036  0.240+0.021 0.26510.003 0.49520.020 =0.8130 C.574
E847 24 037  ©.163+0.016 0.24940.001 0.58940.011 0.1244  G.017
B2 2: C33  ©.193+0.013 0.25920.C01 0.54840.009 -0.4577  ©0.21C
B 24 039 C.23340.030 0.28240.003 0.:8540.019 =G.4907  ©,242
850 24 CL0  ©.2338+0,C28 0,228+V.003 0.53320.020  0.3536  C.128
B 22 Gl ©,233:0.629 0.18940.004 0.573+0.C37 =-1.4135  2.082
1852 24 042 C.29940.025 0.23640.C03 0.'6530.017  0.5075  C.918
B53 24 Oc3  ©.151x0.037 ©.26540.003 0.58349.025  0.CllC  C.,CGC
f85¢ 24 0:2  ©.26740.030 0.35840,005 0.375+0.01l8 =2.2600% 7,033%
B55 24 045 0.267+0.024 ©.24340.003 0.49020.Cl6 =0.7641  C.640
BS6 24 046  ©.149#+C.038 0.285+0.003 0,565+#0.02¢  0.607.  C,000
857 24 047 0.146+0.025 0.254+0,002 0.60C+C.C1l7 -0.8042  0.651
Bsg 24 048 0.23C+C.031 0.2551+0.0C3 0,51430.021 ¢.38539 C.718
859 24 019  ©.21130.025 0.19940.C02 0,5904C.Cl9 -0.2 67 C.726
BE 22 050 C.14310.019 6.34640.002 0,5114C.010  1.2924  1.635
861 24 C51  C.150+4C.032 0.355+U,003 ©.49540.016  0.33C0 0,451
B2, 22 052 0.2:640.026 0.35040.003 C.40340.C13  0.3.42  GC.117
863 24 053 0.17140.02C 0.38610.002 0.44340.009  1.5/72 2.320
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(1) (2) (3) (4 (5) (6) (7. {3)
864 24 054  0.2204£0.025 C.32040.003 0.4604+C.C1ld4 =0.5663  0.325
865 24 055 0.156+0.019 0.340+0,002 G,504+C.01C  1.,2325  1.483
866 24 056  0.199+0.021 0.25910.002 0.5424C.Cl4  ©.0572 ©.783
867 24 057 UL.150+0.C19 C.271+C.002 0.579+0.C12  1.346C  1.780
863 24 058  ©.105+0.016 0.336+0,001 G.556+0.0C9 =0.5091  C,251%
869 24 059 0.198+0.030 ©.297+0.003 0.505+0.0183 =0.8553  C,753
870 24 060  0.18640.054 C.18640.004 0.628+0.042 =1.6916% 3,011
871 24 06l  0,155+#0.053 0,416+0,005 0.429+C.,020  0.,96l1  0.879
872 24 062  0.206+0.021 C.330+0.002 ©,:6440.012 =G.1122  ©.012
873 24 063 0.184+0.018 0.32040.002 0.496+C.C10 U.2511  0.065
574 24 G664  0.303+0.027 0.2:430.003 0.453+0.018 ~0,0355  0,LO1
875 24 065  0.,256%0.030 0.20940.CC3 0.53540.022 ~0,5853 0,347
876 24 O6¢  0,21040.031 0.243+0.003 0.54740.021  1.7295% 2.877
877 24 G67  C.198+0.036 ©.19810.003 0.6034£.027  1.2813  1.595
878 24 063  0.223+0.031 C.217+40.003 0.58040.023 =~0.9440  C.909
879 24 0£9  0.2851C.C:3 $.209+0.004 ©.507+0,031 =1.9726*% . .097+
880 24 070  0.1524C,039 0.,215+0.003 0.63040.029 =-0.6662  C./51
881 24 071  ©.161+0.C17 €.257+0.002 0.58240.012 0.6197 ¢.331
BB2 24 072  0.164+0.01¢ G.26040.001 0.57GC.0l0  ©,3233  ©.117
863 24 073  0.17640.015 0.,287+0.CCL 0.532+0.CC8  $.,2329  0.861
B84 24 G74  $.184+0.Cl7 ©.235x0.002 0.53240.Cl1 ©.1859  (.C38
885 24 075  0,1804C.022 ©.24910,002 ©,.57130.C15 =C,075.  0.LU6
886 24 G76  C,170+0.CG13 0,287+C.001 0.5.44C.008 =C.02¢7  0.089
887 24 077  0.173x0.0l¢ ©.27940.002 $,5431C.010 =-1.2157 1.500
888 24 078  0.191+0.016 ©.256+40,002 0,.5531Y9.011 0.2051  C,0642
883 24 C79  0.19240.018 0.275x0.0C2 0,533x0.012 -0,1121  0.013
890 24 080  0.17840C.024 0.250+0.0C2 ©.571+C.016 =1.6017 2.63¢
891 24 081  ©.271+C.023 C.227+0,002 ©.502+0.Cl6 =0.0357  ©.C07
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Table 3.3 Zonal classification of the Indian
subkb=-cont inent
ST : :
o 20Ne ‘areas' coveread
- = Foy T
(1) 2 s )
1. Northern (i) Jamu and Kashmir, Hdimachal Pradesh,
Delni, Heryvana, Punjabk, Rajasthan,
North-¥ost Pakistan,ﬂarﬁana
By Eastern (E)} 2ssam, iNeghalasyea, Arunachal Prade
Nagaland, Manipur, Tripura, ulkﬁlm,
West Bengal, RBihar, Orissa, Andaman
and Hiccobar Islands, Bangladesh
3is Southern (8) Andhra Preadesh, Tamilnadu, Kerzla,
Lakshadweep, Maldives, Sri Lanka
4, Western (W) Cujarat, Maharashtra, Goa, Karnataka
B Central (C) ttar Pradesh, madhye Pradesh
6. T

Himalayan(H) Bautan, Tibet, Nepal
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Distribution of dasta sets by geographical zoncs

sl. geographical no o
B ~
L)

no. Z0ne |

identification nos.
of data scts

(1) ) (3

(4)

¥y s

i Nortnern
zona (N)

Ccoo0l,
09509

17006,
192007,
19019,
19027

19039,
19054,
19069,
19093,

05004, 090058, 09607,
09013, 17COL to 17004,
19002 tc 190C4,
19012, 19013, 19018,
19020, 19023, 19024,
to 19031, 19034 to 19037,
19043 to 19045, 19049 to
19056 to 19066, 19068,
19071 <o 19087, 19089
20001, 20004 to 20008.

e
LS

17007,

je

2 Eastern 180

Zonc (E)

01001,
01011,
03C14
04004,
04014
04028,
04042,
04056,
06005,
06027
06042
16006
18008
18027,
18042,
23007,

01003 to 01C08,
03002, 03004 to 02012,
to 03024, 03026, 04002 to
04006, 04008, 04011,
to 04019, 04024, 04073
04031, C4033 to 04040,
04C44 02049, 04051 to
04058 04075, 03002
06007 to 06022, 06024,
to 06032, 06035 to 06040,
to 06044, 16001 to 16004,
to 16012, 18002 to 180CS,
13017, 18019, 18022 +o
18032 to 18040,
23001

C1010,

to

to

co =@

to
18C29,

18045 +o 183050, =

TOTTEY

L ]

O
S
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[P,

(2) L8

{4)

Wi

3 Southern l1ls

Zone (8)

02002 to 02005,
02013, C201s :o
02035, 02037 .o
11004, 11006 to
11026, 11028 +o
11041, 11042,
11050, 12001,
22016 to 22020,
22034 to 22041,
22051, 22052,
22059, 22061 to

11044 to
22001,

22054 to

02210 o
02030 to
11002,
11014 to
<o 11039,
11046, 11049,
22008 *to 22014,
22022 to 22029, 22031,
2204, 22048, 22049,
22056, 22058,

02007,
2160y 3p
02044,
11008,
WHERP,

02008,
02028,
11001,
1101:,
11034

22063,

4 Western
Zone (W)

C7003, 07005,
CBO17, 53019 to
08029 to 08040,
14C01 to 14030,
14043, 14045 to
14064 to 14C73,
14084, 140886 +o
14CS7 to 141290,
14132, 14135 to

07007 to

07010, 08001 +o
08023, 08025 to 08027,
08042, 10002 to 10010,
14032 to 14034, 14036 to
14052, 14054 to 14062,
14076 to 14078, 14080 o
14091, 14093 to 14095,
14122 o 14128, 115127 %o
14137,

5 Central 115
Zone (Q)

13002 to 13008,
13C19, 13021 +o
13042, 13044 to
24009, 24011 to
24024 to 24041,
24070 to 24089,

13010 to 13015, 13017 to
13025, 13028, 13031 +o
13046, 24004 to 24007,
24015, 24017 o 24022,
24043, 24046 to 24068,

C5002, O©BLO4 1~

6  Himalayan 26 02008, 05010 to 05030,
Zone (H)
TOTAL 658
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Table 3.5
religious categorics

Distribution of data scte by socio-

76

sl.
no.

no. of
data scts

soclio-raligiouws
catogory

identificetion 7

ofdata

scts

(2)

(1) (2)

(

4)

Y Upper Caste KUC) 70

020329,
04033,
03007,
cocl3,
10009,
to 14C0g,
14066,
14090,
14132,
19024,
19062,
22048,
24036,

03021,
04046,
08015,
10004,
11045,

14083,

14105 to 14107,

18023,
19027,
19083,
22019,
24049,

04003,
04055,
08025,
1C005,
13028,

14020 to 14023,

14084,

18032,
19051,
22011,
24020,
24065,

04016, 04027,
04060, 04070,
03C39, C2005,
1COCe to
13042, 14006
14064,
14086 to
14131,
190613, 12019,
12057, 12058,
22017, 22040,
24021, 24030,
24080, 24087,

2 Migale Castec (MC) 229

02028,
0302C,
04032 4,
04073,
05011,
07003,
C8006,
080206,
038042,
11039,
to 13036,
13045,

02032 to 02035,

04004,
04028,
04053,
05024,
07007
08011,
08029,
09001,
110486,
130

04014,
04034,
04059,
VG015,

to 07010,

08012,
08037,
11502,
13008,
38,

13041,
14001 to 14005,

030168,
04015, 04024,
04051 o
04068, 04069,
06016, 06043,
08504 <>
08016, CE022,
03038, 08040,
11006, 11037,
13023, 13C.4
13044,
14009,

contd,

LA Y
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17

( 1) (2)

(3)°

(4)

14010,
14032
14046
14070
14208
14128,
18034,
19C12,
19030,
19044,
19054,
19071
19086,
20004
2lean,
22039,
24025,
24040,
24055

24071

14024, 14026 to 14028, 14030,
to 14034, 14036, 14039 to 14043,
to 14052, 14054 to 14061, 14067,
to 14072, 14077, 14078, 14097,
to 14120, 14122 tn 1412%, 14127,

14230, 18022, 18029, 18033,

18047, 18048, 19002, 19003,

19018, 1902C, 19023, 19028,

19031, 19C34 +o 19037, 19035,

19045, 19049, 190%0, 19052 to

19056, 19059 to 19066, 19063,
to 19075, 19079, 19080, 19082,

19089, 19091 to 19093, 20001,
to 2CC08, 2001C, 22010, 22020,

22023, 22026 o 22029, 22034 =6

24005, 24019, 24022,

24029, 24031 to 24033, 24035,

24041, 24073, 24047, 24045,
to 24060, 24067, 24068,
to 3079, 24088,

24006,

r
240842,

24085,

f 3 Lower Caste (LC)

48

03022, C400E, 04011, 04018, 04035 to
04037, 04039, 04047 to 04049, 04063,
04065 to 04067, 04071 to 04073, 08017,
08023, 10010, 13007, 13022, 13030,
14011 to 14016, 14025, 14038, 14045,
14068, 14069, 14076, 14081, 14129,
18050, 19090, 24007, 24009, 24034,
24050, 24081 to 24084,

» . CcOntd,


http://www.cvisiontech.com

Table 3.5 (contd.)

b1 {2) (3)

{4a)

4 Muslim {MU) 34

020607, 02031, 03123, C3024, G400z,
04008, 040CL7, 04038, 04040, 04044,
04045, ©4054, 06035, 03C09, 08010,
09004, ©9007, 13040, 17GOL to 17004,
17006, 17007, 18017, 19004, 19007,
22013, 22016, 22051, 24004, 24014,
24015, 24046,

5 Christien/Anglo- 16
Indian {CH)

02008, 02030, 04013, 04031, 06036,
07005, 11C04, 11C32, 11038, 11049,
14073, 18019, 22008, 22009, 22014,
22018,

6 Parsce (FaA) 3

14082, 14091, 124098,

7 Australoid 167
Tribe (AT)

Ay

01004, 02002, 02004, 2200%, 02013,

02016 to 2021, 02023, 02037, 02038,
C2041 to 02044, 04061, 04062, ©4064,
04075, 060C2 to 06005, 06007 to 060L4,
Ge017 to 0C022, 06027 to 06032, 05037 to
06040, @6042, 06014, 08008, ©80l3, 08019
to 08021, 08027, 08030 to 08036, 10002,
10003, 11001, 11007, 11008, 11012,

11015 to 110286, 11028 to 11031, 11034,
11036, 11041, 11044, 110%0, 12001, 130C2
to 130606, 13010, 13011, 13013 to 13015,
13017 to 13019, 13021, 13022, 13025,
13031 to 13033, 14017 to 14019, 14029,

.+ Ccontd,
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() (2) (3)

(4)

14037,
14095,
18002

1eczy,
13046,
24013,

1406z, 14065, 1408C, 14093 to
14099 to 14104, 14135 to 14137,
to 180066, 18008 teo 18016, 18024 to
13035 to 18039, 18042, 18045,
22054, 22055, 22058, 22059, 22061,
24086, 24089,

8 Mongoloid 71
Tribe (MT)

Clco3,
03002,
03026,
05010,
05030,
23001

24C54,

0l0C6 to 0l0C8, 01010, 01011,
03004 to 03Clz, 03014 to 03018,
4074, 05002, 05004 to 05008,
05Cl2 to 05020, 05023, 05025 to
16001 to 16004, 160C6 to 16012,
to 23007, 24Cl1, 24028, 24051 to
24062, 24063,

2 Caucasoid 11
Tribe (CT)

02003,
22 03l ;

02010 to 02012, ©2022, 22001,
22052, 22055, 22062, 22C63.

10 Negrito 2
Tribe (NT)

Clo0o1,

01005,

TOTAL 651
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CHAPTER
v

STATISTICAL METHODS USED

4,1 Estimation of gene frecuencies and standard errors

Suppose in a random sample of size n, the frequencies

g

of blood groups 0, A, B and AB are nl, n2, n., and n respect-

3 4
ively. Let p, g and r be the A, B and O gene freguencies in
the population from which the samples are drawn. Assuming
" that the population is panmictic, the relative éxpected

.frequencies of the four blood groups in the population are

as given below 3

phenotype relative freguency
o
7., =
A WZ = p2 + 2pr
5 (4.1,1)
B ?T3'= d + 2qr
o, =
AB A 2pg

Under this set=up, the likelihood, L, of the sample is *

1 n n
, 7 2 g4 3 g 4
= 1 l 2 3 4 L] (491.2)
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4.2

For the purpose of obtaining the maximum likelihood estimates
of the parameters p, g and r, the scoring method (Rao, 1952)

1

was used, which is described below.
In this iterative procedure, an iteration is started
with an approximation p*, g and r* (= 1 =~ p* = g¥) foxr the

parameters. The initial approximations are

Ne Flie
p¥ = (1 -J—-ln 3 (T & D/Z)

q-.'r:(l— ‘—-n—-) (1+D/2) P (4'l°3)

R
".
H

l-p*'—q*r

n.+n n,+n n
where D=./l3+;/ lnz--‘/—ﬁ-l--l

Each cycle of iteration then consists of the following steps

First, the 'scores' are calculated at p = p¥*,

q=g* r = r*, which are defined as !

y
4 n, 9 T, !
¢ :_Q%S_Ez 5 F&(a_l), !
(4.1.4)
4 n, @ T,
g log L i i
d =_._g___= 5o ((— )
an ¢q g iil 7. ' Toaq J
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4,3

where the partial derivatives are

LY
aﬁl/ap = =2, awz/ap = 2iB, _
37, /9p = —-2q, 3T /ap = 2qg, ;

3 = (4.1.5)
37,/dq = -2, o7, /8q = ~2p, '
,T— . — -TT =
R ’3/dq = 2r, } B 4/aq 2p . J

The maximum likelihood estimates are reguired to satisfy the
equations @p = ¢q = O, Consequently, no further iterations
are required if simultaneously |¢pf € & and ]¢q[ < &, where
€ is a preassigned small positive number, and p = p* and

q = ¥ are accepted as the maximum likelihood estimates of

p and g, respectively.

Asymptotically as n -3 %, Jn f(ﬁ—p), (&—q)} follows

a bivariate normal distribution with expectations zero and

—

PP Ipqq
dispersion matrix §-l = | ¢
9P 19q
where the elements of the information matrix (per unit
| 1 I ]
. cbservation) g = PP P are given by
il I
L_qp g
4 4 am, ™
1, ] 2 . ' . i
I = I == (aT,./0p)" = £ (oW, /op) (seimm . —wd)
- N A R
4 1 '
I = il = ow=— (37, /ap) (87 . /3 ) and (4.1.6)
pq I A 'n-i l/ P l/ g’ +
4 AT,
) i
I = I (37 /8 (=~ ., —=) ¢
ad i=1 l/ & Tri 9q ¥
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PRy | T e

4.4
Obviocusly,
PR _
B = T,/
Ipq = qu = 5 IPJD, and
199 21 p
pp/ !
2
where D=1 T - T p
PP gg Pg

The variances of the maximum likelihood estimates are *

A A

VD) = IFP/p,

AN
V(g

ft

LA

Iqq/n, and

A M~ A
V() = (PP 4 5 1P9 199] /n

84

(4.1,7)

IS S,

-

)

{(4.1.8)

If the conditions [¢p| < € anad f¢q] < & are not

simultaneously satisfied, the additive corrections at p = p¥

fThe improved approxim

q-= q* and r = r* are computed.
PP o+ 1P9,¢
B 1 R g
p = = ‘
P90+ 199,¢
and, &g = 2 = =

ations are 3

p'«’t:’\‘ = p?’\‘ -+ 6p' q‘,‘f‘}: =t q‘k

These are given as *

+ ba,

|

|

; {a,1.9)

|
|

and r** - Lepk sk,

The cycle of iteration is repeated until the 'scores!

(ignoring their sign) are less than €.

L4
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4:2 Tests for detecting excesg/deficiency of blood group AB

in a given sample

To examine whether there is an excess/deficiency of
‘blood group AE in a cample of size n over that expected under
Hardy-Weinberg equilibrium, one can use the statictic
(Kopec, 1970) 1

r
n.+n I, i}
e J/ S g |
D \/ n + n V' oo = l (4:2.1)

- n

The sign of D is positive or negative accor,ding as whether

there is a deficiency or an excess of AB blood group individuals

in the sample, The significance of the deviation of the observed

frequency of AB blood group individuals over that expsected
under Hardy-Weinberg equilibrium can be tested by carrying
out a normal deviate test,.

Asymptoticelly as n -—> oo, D/UZ(D) follows {under
the Hardy~Weinberg equilibrium) a normal distribution with

expectation zero and variance unity. The asymptotic variance

of D is 1

(D) = pq) on(1-p) (1~q)] , _ (4.2.2)
where, p = (1 = V{n+n)/m) (142D,
and qz(l—@m) (l+%‘-D).
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4.3 Testing Hardy-Weinberg equilibrium

To test the hypothesis of Hardy-Weinberg eguilibrium,

namely,

2
4 e, =0 lew)
2 hi i) i
CX"HW = _L o . ’ (4.391)
i=1 -
~ _ ~ A oA
where, e, = nﬂi and Wi = ”i, computed at the values p,q,r

(i =1,2,3,4). Under He, C(?Hw follows asymptotically a

chti-square distribution with 1 d.f., The hypothesis H, isg

o

rejected at the 5% level of significance if ’X? > 3.84,

HW
. g L o2
and at the 1% level of significance if ,X'HW > 6G.63.

4.4 Graphical representation of gene frequencies

As 1is well known (Li, 1955) the gene freguencies
P, ¢ and r of the ABC blood group system can be represented
by a point inside an equilateral triangle of unit altitude
such that the lengths of the perpendiculars drawn to the sides
represent the gene freguencies, For plotting the gene fre-
quencies one needs a graph paper indicating trilinedr co=~
ordinates., However, this may not always be available., It is,

therefore, desirable +to tiransform the gene freguencies to
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" rectangular co-ordinates. this can easily be done as follows:
B

S

M

!
|
|
|
|
!
La A 0

%

o)

N

X

o) K R

In the figure given above, PQR is an equilateral triangle of
unit length. G is a point such that the heights of the
E'perpendiculars GK, GL and GM are p, g and r, respectively.
i Let QS be perpendicular to QR, and let NG be perpendicular
to Q5. Let thelrectangul;r co~ordinates of the point G with

respect to QR as the X-axis and QS as the Y-axis be (p*,qg*).

Then,
: . _ o . L
P* = a+b = p.tan 30~ + g/sin 6C _(:— (p+2q) .
3 (2.4.1)
and g = P

' Hence, given gene frequencies p, g and r, the transformation
| given in (4,4.1) can be uced and (p*,g*) can be drawn on a
rectangular co-~ordinate graph, on which the equilaterial

triangle can be drawn.
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4.8

4.5 Confidence set for gene fregquencies

Having plotted the gene frequencies of data sets

on a triangular chart, it is useful to indicate the margin

of error associated with the location of a point on the
chart, since two points on the chart may appear to be distant

merely because of sampling fluctuations-

In this section, a statistical procedure for obtaining

the confidence set for gene frequencies will be described,

Let (ﬁ,&) be the maximum likelihood estimates of
A and B gene frequencies {(p,qg) based on a large sample of
size n. Then, it is well-known that asymptotically as n — oo,

A
Jn {(p-ﬁ), (g-qg)] follows a bivariate normal distribution with

PP {Pg

expectations gzero and dispersion-matrix g”l = "
' 9P 1499

. which is the inverse of the information matrix (per unit

I I
; PP Pg )
observation) {J = . where the elements Ip@' etc.,
I I
qp gd

are given by (4.1.6).
Consequently,
- 2 m A A2
T =niI D) ¢+ 21 (p-DIg-Q + I (g8
< pp(p p ot PP (a-g qqt T4 } ’
'..‘(40501)

follows, asymptotically as n ~» *°, a chi~square distribution

with 2 degrees of freedom.
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|
|

Thus, if C = - 2 loge(l-a), then

Prob (T £ C) = «. (4.5.2)

: A - R ' ] =
Hence, given (p,q), the set of points (p,q) satisfying T SC;
provides a confidence region with confidence coefficient a,
The confidence region corresponding to a point on the triangular

chait can also be shown on the chart.

Since for a large sample 3ize the information matrix
computed at the estimated values (%,%) tends to the information
matrix computed at the true values (p,q), in practice, the
confidence region obtained by (4.5.2) can be replaced by an
eliiptical confidence region as the set of points satisfying .

~

(1 o2 s 2l (pBiqd + 1 92} <
— - — + -

{ (b ot PP (a=g et TP L
s

=] fg]

lt (41503)

where, Ipp’ atc., denote the wvalues of IDD, etc., computed

at (9, Q).

For practical purposes, however, it is almost
impoésible to indicate the confidence region asscciated with
every point on the triangular chart. In the present study,
therefore, on each triangular chart the confidence ellipses
around the pooled gene frequercies have been presented for

n =100, 200 and 400,
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In order to illustrate this procedure, the data sets
belonging to the MNortnern zone are considered, There are 87
‘data sets in this zone. The serial numbers of these 87 data
sets have been presented in Table 3.4. Let Ny, ni(l), ni(Z),
ni(3) and ni(4), denote the sample size and the absolute
‘frequencies of blood groups O, A, B and AB, respectively,
tor the i-th data set, 1 = 1,2,...,87. Let the A, B ana O
gene frequencies for the i-th data set be denoted as Pir ay
and r, (= 1 - py - qi), respectively. For this zone, the
pooled sample size and the absolute frecuencies of the 4 blood

groups are ¢

@] L

n 'l <z ni(l) % 6661,

no(z) -3 ni(z) - 5536,

no(B) =z ni(3) = 8179,
and, no(4) =08 ni(4) = 2119,

The pooled A, B and O gene frequencies, denoted as
Poe dg and T o respectively, which were computed by the
maximum likelihood method rfrom the pooled blood group

frequencies are
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4,11
P, = 0.188 + 0.002,
d, = 0.264 % 0.000,
and, r, = 0.548 + 0,001,

Having computed the pocled gene frequencies, the
information matrix of p and g at p = Py gnd g = q, was then
computed. The formulae for computing the information matrix

have been presented in equations (4.1.6). For this zone, the

1 3 1 ¢l 3 *
information matrix at p, and T I(po'qo) turned out to be %
I
S 12.561  2.681
Np ,a) = 5 ;
o’ % SN ) 7 2.681 9.356

For a fixed sample size n, in order tc find the
boundary of the 95% confidence ellipse around (po,qo), one
has to calculate sets of values cf p and g satisfying the
equation

n[(p-po)2 g1l

12 2 22
+ 2(p-po)(q-qo)0 + (q-qo) o 1 = q,
(4.5.4)
where @ = 5,99, 1is the upper 95% point of the chi-square

distribution with 2 degrees of freedom.
To solve equation (4.5.4) it is rewritten as !
2 11 12 2 22

X © + 2xlx2 a + %5 ag = Q, (4.5.5)

where ‘%) = PR, and Xy = g, e
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Mow, for a fixed X, = t, cqguation (4.5.5) can be

written as ¢

Ax)" + 2Bx; + C = 0, (4.5.6)
where & = Gll, B =t 622 and C = t2 622 - a,

The solutions of equation (4.5.6) are -

X, = (-B + JBZ—AC)/A (4.5.7)

Thus,
Xl(l) s (=5 5 JBE—AC)/A and x, = t,
ana, xl(Z) = (~B - JBz-AC)/A and X, = T,

will satisfy equation (4.5.6) .

Hence, the two sets of values

I

py = (xl(l)/Jﬁ) + p, and g (XZ/Jﬁ) + G

oy (4.5,8)
/yn) + P, and ‘q (Xz/iﬁ) T qge

and, p, = (x,
will both satisfy equation (4.5.4)

The valucs of P1s Py and g for n = 100, 2060 and 400
have been given in Table 4.1. 1In Figure 5,) the 87 (pi,qi)
values (po,qo) and the confidence ellipses for n = 100, 200

and 400 have also been pleotted.
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4.6 Test for homogeneity of gene freguencies

The chi-squarz test used for testing the homogeneity

of gene freguencies is described below *

Suppose there are k population groups. Let, for

the i-th group, Ni, P

5 and aj denote the sample size, and

the estimated A and B gene freguencies, respectively,

I =1,2,....k. Let x = (ﬁ.,&.). Let the true values of
A ifH4
4 and B gene freguencies for the i-th group be 8 = (pi,qi) .

To test 3 HO (91 = 92 = B = ?k = g)

. S - =il
Unrder H . the statistic Ty =yny (gi-Q)PxJN(Cu‘g ), where
§ is the information matrix, i = 1,20...%, and 'AJ4' denotes
'asymptotically distributed as',

k F
~ 2D
Therefore, T = i§1 ng (x, @)g (5i~§)/v,(_2k.

Since 8 is unknown, wc estimate 8 as ¢

k
/X

e 4
1

% k
= 5 n, x
— = ~ l=l e

I I b
A k Al 2 PP pg
Then, T = 7T n, (-9 1 (5i~9)/ufx okept Where I =
= I I
Pg  gqg

[a) -~ A
i1s the information matrix evaluated at =8 =(pa,.
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My
The statistic T reduces to

k
A A A ~ ~ IS & Al 2 A -
T = [ - I , - - I , - I |
i (p p) ol 2(pl p)(ql q) e (ql Q) o
A k k A k
‘ iy A2 N ’ ~ A 2
ﬁﬁtlpp iil n, p; + 2 Ipq iil n; p; 9; + Iqq iil n; 1]
[3: 2 421 phai a2l h }E
e . + ; where n = % o
PP pg & ety Tl = 4o R
2
Kz

4.7 Cluster analysis and linear representation of dendrograms

Cluster analysis is a technique of arranging a given
finite collection of 'entities' or 'points' into subsets called
‘clusters', such that points belonging to a cluster are in
some sense 'closer' together than those belonging to different
'Elusters. For this purpose a measure of ‘distance' between
every pair of points is required. In this study the entities
or points are the population groups and the distance between
any two of them 1s to be measured in terms of their ABO genc
frequencies. The particular measure adopted in this paper
for finding the distance, D, between two population groups

with ABC gene frequencics (pl, qye rl) and (pz, Uy r2) is

D = are cos ( PP, + }qlqé +- Jrlré), (4.7.1)
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ta£ter Bhattacharyya (1946) . Though there are various other
measures of distance available (Rao, 1977), there scems to be
10 singlc rational criterion for choice amongst them. The
Bhattacharyya distance is based on a geometrical representation
of the two population groups as points with co-ordinates

'(ﬁ%} e j?l) and G/ 5., /E%, J?E) on the unit sphere and

. the distance is defined as the angle subtended by these two

points at the centre of the unit sphere.

The particular algorithm adopted in this study for
formation of clusters is known as the method of single linkage.
In this method one starts with N points 1,2,...,N, and
distances d (i, j} betwcen the i-th and the F-th points,

147 = l,....N. At the initial, or the O-th step, cach
point is considered as a single point cluster, so that there
CE(O)

are N clusters, i, i =1,...,N, At cach of the

succeeding stages, two of the clusters of the previous stage
which are 'nearest' to ecach other are mcrged to ftorm one
cluster, while the other clusters of the previous stage are
retained as separatce clusters, thereby reducing the total
i number of clusters by unity at each stage.  For this purposc,
i the distance between two clustcrs is defined as the minimum
distance betwcen two points one belonging to each cluster,
Thus at the k-th step onc gets a total of N-k clusters which
may be denoted g gﬁ}d, j=1,...,N=k, with a possible

maximum of (k+1) points in one of the clusters, k = 0,1, .,.,N-1,
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The single linkage method is illustrated here by
considering 21 population groups - the Upper Caste Hindus

of the Western region forming the subset W-UC, which were

- found to be internally heterogeneous. The matrix of pair-

wise distances amongst these was first computed., For oxample.
the ABO gene frcquencies for the data sets 08007 and 08039
are, respectively, (pl = 0.143, 4y = 0.194, ry = 0.663) and
(p2 = 0.201, q, = 0.243, r, = 0,556), and the Bhattacharyva

distance betwcen them was computed as

Dy, = arc cos ( P3Py + A1 % Jllr2)

il

arc cos (0,99381) = 6.38

The distances between other pairs of population groups were

similarly computed,

At the initial or the O-th step, the single-point

clusters are the individual data sets, and are denoted as
i ’ ixl,a..,2l.

At the 1-st step, in the matrix of pair-wise distances

amongst the 21 points, the distance 0,35 boetwoen the data sets

08007 and 100C7 was the smallest. These two were combined to

form the 2-point cluster ,

AL _ I {08007, 10007}
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and the remaining 19 single-point clusters were retained as
Separate clusters, ard renamed Cj(l), & 2= 2,.004020. The

palr-wise distances amongst these 20 new clusters were re-named,

At the 2-nd step, it was found that the distance 0,44
between two single-point clusters 14007 and 14066 was the
smallest and thecsc were combined together to form another

new two=point cluster

(2}

(2) '
5 C(1) = 114007, 14066} .

k
The other two~point cluster at this stage was C (2) C(“)

and the remaining 17 single-point clustoers were retained as

separatc clusters and renamed Ci(z}, 1= 3;..4¢19, The pair-

wise distances amongst thesc 19 clusters were recomputed,

Proceceding in this way, at the 20-th step, all the
21 points were combined into a single cluster, The positions
at the'intermediate_steps have been presented in columns
(1)-(4) of Table 4.2, wherc for cach step the composition
0of the new cluster formed at that Stage has been shown, together
with the distance between the two clusters of the previous

stage forming the new cluster,

A geometrical representation snowing how the points
and clusters are combined at cach stage, 1indicating at the

same time the distance between the two clusters combined at
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each stagce to form a new clustcr, as in Figure 4.1 for the
Westerm Upper Castes is called a dendrogram. It is convenient
- to represent a dendrogram as a lincar list as shown below,
From Table 4.2, as well as Figure ¢,1, it is sccn
that the last cluster C(ZO) comprises the cluster C(lg) and

the point 10006, and the distance between the last two is

2.61l, This may be represented as

(19}

(20) -> (C . 10006 ¢ 2.61)

»

€

(19)

Similarly, the cluster C is formed ofAC{lg) and C(ll)

at a distance 2.46, so that

(19) (18)  (11)

— (C 2.46)

and combining the two, we get

29 & (418, 1D, e 10006 - 2.61)

Again,

18 Ly 1 (1s) L
and 2

1D 5 (!9, ogozs 1 1.s2)
s0 that

29 5 (17, 29, 5 g,

(19)

(C ., 08025 : 1.52) : 2.46),

10006 ; 2.61) .,
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Proceeding in the same manner, ultimately the entirc

dendrogram can be lirecarlv recpresented as ¢

(‘(_(((((08007, 10007 + 0.35), 10009 : 1.12), ({14007, 14066
0.44) , 10005 : 1.45) : 2,04), 08039 ; 2.17), (((14008, 14105
v 0.57), (((((1l4021, 14131 . 1.12), 14C06 ; 1.40), 14106 : 1,42),
(14107, 14132 : 1.29) 3 1.53), 14064 3 1.57) : 1.81), 10008

v 1.98) 3 2.17), ({08015, 10004 : 1.44), 08025 : 1.52) : 2.46),

10006 v 2.61) .

Having obtained the dendrogrem, inrorder to determine
clusters of points which do not differ significantly among
themselves, the chi-sguare test of homogeneity of gene frew-
guencies méy be performed within the clusters formed at the
different steps of agglomeration, stafting with the penulti-

N
C( l), corresponding to the (N-1})-th step.

(1)

If for any cluster C « tne chi-square value +turns cut to

mate cluster,

be insignificant at the 1% level, the cluster can be taken

“to be homogencous,

For the example under consideration, the ultimate

(20} (19)

cluster C consists of C and 10006, Therc is no

question of heterogencity of 10006 which is a single population
- group. The cluster C(lg), however, consists of 20 population

groups and the value of the chi-square statistic for testing
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for testing homogencity turned out to be 113.21 which with

38 degrees of frecedom is highly significant (see columns (5)

(@]
and (6) of Table 4.2). Conscquently, C(lj) cannot be considered

te be homogeneous. But C(lg) (11 and C(le).

(11)

consists of C

The cluster C consists cof three data scts 08105, 10004

and 08025 and the chi-squarc value 1.02 with 4 degrees of

freedom is not significant at the 1% level. Thus C(ll)

C(18)

may
be regdrded 2@ internally homogencous. ¢ On the other

hand,cqnsists of 17 population groups and the chi-square value

:
p
;
]
|
i
]

i of 103,02 with 32 degrees of freedom is highly significant.

' The break-up of 0(18) is in terms of C

(15) and C(l7), consisting

‘,of 10 and 7 population groups, respectively. The corresponding
chi-squarc values were 17,70 with 18 degrees of frecedom and
18.78 with 12 degrees of freedom; neither of them is significant,

Thus the clusters C(l7) with 7 data sects, C(lS)

(L)

with 10 data
sets, C with 3 data sets and 10007 are four mutually
exclusive and cexXhaustive internally homogencous subscts of

the Western Upper Ceste Hindus, These ‘rational homogencous

- clusters' (RHC's) have becn designated as follows s

W-uckl = ct17)
W-ucky = ct15)
W-uck3 = ¢t il
W=UC*¢ = 10007
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4,8 Estimation and testing in some linear models

In Chapter VII, an analysis has been performed on
the variation in ABC gene frequencies within geographical x
soclo=-religious subsets in terms of micro-geographical variation.
For the purpose of this analysis, the following model has been

considered,

Pj i T OppeTiy T oSty

(4,8.0)

where, within a socio-religious category, pij

the A and B gene freguencies, respectively, of the j=th data

and q; 5 denote

set (j = 1'2""'ni) within the i-~th geographical zone (i =
342, ..., %), and Tij and tyy are the corresponding latitude and
longitude, respectively, of the location of sampling.

In this section the least-squares estimates of the

pérameters Pye qi} 6?T, 6Dt' 5 and & of the model, and

gl
also a procedure for testing the significance of the é&=values

q.tl

have Ieen derived.

4,2.1 Notations
Let the dispersion matrix D(pij'qij} of (pij’qij)
be denoted as
e Prar.
-1 ; [71; ij .
D pij'qij = nij . where nij 1s the
FELT
sample size corresponding to the (i, j)~-th data set.
g
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Alsoc let
agl) = B 5 Be: apen Gp) =32 30 @ Prah G
o il ] 2 e T,
901 =2 05y 250 @lp) =2 nyy @55 pyye (T =L ng.a T,
3 b ]
o = X R i = a o s 3
1) 3“ 15 %y Tige PP §§’ B O
a(Tt) = £ ¢ dig 1 = )
i3 L I
a{pt) =2 Z n = W(T?) =% & n a. . T
=g ij "1 Pij : gL i) g
il 3 i
2 >
al ™) = T 2 mEe., Tk, &
g o 9 T

In a similar manner, terms like B(1), Bi(l), Bl , Bi(q), BlgT),
BI) or 1 (L), n (D, B, N (D, ATH, M), etc. are also

defined,.

4.8,2 Estimation of paramcters

In order to obtalin least-squares estimates of the

arameters oi the modsl, one has to minimize the guadratic form:
P

@z pnp % Q.., with respect to the paramcters,
i=l j=1 -
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[4‘.23
!
3
B where
Qij = nij[‘cij ('“ij Py - Op’i‘lkij épttij) +
+ 2855 WPy = Py = 8Ty pttiy’ ¢
(g.. = o [P T t. .
‘1] A gl 1] qt 1]
+ M, lhe, = e - t.)2] (4.8.1)
S i ol 1] gtij IS

In torms of the

can e vritten

[y —_—
Nnouaclons

— .
Lo e

)
i
08 B

dépt
S%Q_zo
gl

(2.8,2)

dufined above, the Nozmal equations
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=]
1%
+

5i(q) =p; (1) + q; P (1) + 6pTGi(T) + éqTBi(T)

40 '
% éptai(u, = 6thi(t) {4.8.3)

- B(p) 4+ Ll = PR (D) + a;n; (1) + 6pTBi(T) + aani(T)

+ 6ptﬁi(t) + aqtni(t) (42.8.4)

-~ a(pT) + B(gT) = L op;o (1) + LB () 4+ 6PTG(T2) + anP(TZ)

1 1
+.6ptm(Tt) + 6th(Tt) (4.8.5)
a(pt) + B{qgt) = ? pya () 4+ ? ;P () + 6pTa(Tt) + 6qTB(Tt)
+ 6ptn(t?) + ath(tZ) (4.8,6)
- B(pT) + n(gm = ? pyB,(T) + § ;0;(T) + apTB(TZ) + 6an(T2)
+ 6pt8(Tt) + éqtn(Tt) (4.8,7)

- Blpt) + ﬂ(qt),: i pyd (8 4+ ? aqne) + 6pTB(Tt) + 5an(Tt)

+ o8+ 5 i) (4.8.8)

' Solving e@uations (4.8.3) ana (4.8.4), one gets

" 1
p. = — [N e dp) + B (g} - B.(L{B.(p)+n. ()
Yoangn - g2y - LM : S B Sl

T R W e -

- apT{ai(T)ni(l) - Bi(T)Bi(ln - 6qT{Bi(T)ni(1)-ni(T)Bi(ln

" Scley (oM D - 08 (1) - SqtlPi (O (D = n(we (y1,
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£:
L7 82(1) - e (17, (1)
i e

Lo (Dl (p) + By (Pl @, (1) (B, (p)4n, ()

- spT{ci(T)sitl) - Bi(TJﬂi(l)}— 5qT{%ﬁT)Bi(l) - ni(T)aiil)}

- 5pt{rri(t)8i(l) - Bi(t} cri(l)} - 6qt{Bi(t)Bi(l) - T)i(t) c*i(lﬁ}]
Lo~ 1 %aBs0)

ow, substiltuting the values of Py and Tje equations (4.8,3)-

(4.8.6) can be written as:

) ks 811 ¥z 33 2y S 4
F . !
*2 S50 ' S22 - Poa g Sl iFhe
3 F = 3 1 3
*3 - VR T T ST
A ia a a 5 ¥
L 4] {1 42 43 Taep ¢ qt |
where,
‘ (s} A T l T r
Ay o= o(pT) + BlgT) - i _]"—J 1 oci(r)ni(l) - Bi(r)Bi(l)}
{o (p) + B ()} + o, (DB, (D - o, (7B, (1}
{ﬁi(p) e ni(q)}]
1
Ay = olpt) + plgt) - E W]- [{ ai(t) (A= Bi(t)ﬁi(l)}

{ai(p) + Bi(q)} + {aiil)Bi(t) - c*.i(t)Bi(l)}

{Bi(p) + ﬂi(qn]
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e 1 S , -
= B(pT) + n{gT) - i --m[x B (MmN (D) ni(T)Bi(ﬂ
(o (p) +8,() + Lo (DN (D - B, (DB, (1}
B,(p) + (1]
1
= Blpt) + Nlgt) - f_ W ({8, ()N, (1) - mn; (£} B, (1}

{o;(p) + B, (DY + {Gi(l)ni(t) - B,(0)8, (1)

B.(p) + ni(q)}} (4.8.10)
where,
| mi(l) Bi(l)_
=
Bi(l) T]i(l)
and

aj; = «1%) - : “T%;Tf ny (1D - 20, (D e (T)B, (D)

2 il
+ o, (1B, (7]

, . il . !
ayq = o{Tt) - 5;:- -—[T,—*— [("-i( ) Gi(t) ni(l) Bi(l)

»

{ ai(-t)Bi(T) + Bi(t) oci(T)} + ai(l)Bi(T)Bi(t)j

T 2 l ln3}
ay; = B(r) - i 'IE_;_T [T]i(l) Gi(i}ﬁi(T) = Bi(l)
‘{siz(T) + a (DN (D) 4 @ (1B (DN (D]
a o=

I
a1 B(Tt) = i -[—Ai—r [ni(l) C’-i(T)Bi(t) - Bi(l)

BB + e (DN (e 7 s ai(l)si(T)ni(t)]
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43

TE) = 5 et T -
al Tt) i,. -[—A:—] [ ni( 1) Eti(i) f.'f.i(t) Bi(l)

fo, (DB, (=) + B, (e (0} + a, {1)B, (18, (8]

2 = 20w = o
a{ ) - i -ITJE ni(l) a, () 213.1(1) -—\i(t)Bi(t) +

2
or.i( 1) Bi (t)]

B(Tt) = g T_T[ i B, (T)rf (t) =~ B, (l)

(B (TR, (8 + o (eI, (T} + o (1B ()N, ()]

BOED - 3 =rl M (D e (0B, (0 ~ B, (1)
1 48

(B ey & PO (D} 4 @ (DB (N (L]

BIT*) = 2 -l M (D (mB () = B, (D)
1 1

{Bi2(z~) + o (MN (B} + 8 (1B (1), (1]

»

1
Blre) -~ 5 - i (1)) eeq (t)p () - B (1)
ESTE

{rr (t)n (g B (1) 8. (L)} + Cfi(l)ﬁi(t)“l’}i(’f)]

n(f") = 2, T'“T[ n, (1);3 (1) = 2B, (1) (T)n (1)

£

+ f’{i\ 1) T]i (]

1 “ i —
n(TL) - i W[ -.i(l)Bi(I‘)Bi(t) Bi(i)

B, (edn, () + B ATIN ()} + @ (1N AT, (e

107
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o]
it

gl = l o it —
B(TL) - ? !IZT[ ni(l)”i(L)Bi(t) Bi(l)

fo (M (8 + B (0B (e} + a (1)8, (7)1, (¢)]

o g w gl N
Gyg = B{t") - i TKZT{ ﬂi(l)qi(t) Bi(t> Bi(l)

{o (20, (8) + 2 (01 + @ (18, (€)1, ()]

: | " gl . -
35, = Tl ~ i TKIT[ ﬂi(l)Bi(l)Bi(t) Bi(l)

{Bi(T)ni(t) xs ﬂi(T)Bi(t)} + ai(l)ni(T)ni(tD

2 _— 2 X
By = VST & i TK;T[ nADB. () - 2B, (LR, (N, ()
+ o (1N 2 (0]

o 6pT -
&, g
S, = Pt = oy (4.8.11)
4% & Lyl 4yl
(:]:J:\ 1
. 2
bqt*

The model described by eguations (4.8,0) have been

studicd in conjunction with two other models, which ares

(3 . o=,

LT qu = J; and (ll) plj = pl' qu A ql'
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the estimates (n, q p; and qi) of the paramcters (p, q, o

and qi) arc similarly obtained by solving the corresponding

normal equaticns. These are
B = 7 [ ™MD (a(p) + Bl = BL (Blp) + N},
{ (4.8.12)
A= = T-lﬂg BlL{clp) + Bl — o(L{B(p) + MPI],
L B = T D)+ By - B LB (P + N ()]
1 :L}
and
-~ 1l
=5 Tn;-r [Bi(l){”i(p) + Bi(q)} = ﬁ-i(l){ﬁi(p) + ﬂi(q)}];
i, (4.8.13)
where ] = c(nl1) - Bz(l),
lal . 2
and |2, ] = v L1n, (1) B,7(D) .
‘éince, A =2 38 and P (}) = A,

hence, Y. = a,

Therefore, 0O test the significance of the d=values, one can

use the statistic

X = 8" A §, vhich follows asymptotically a chi-square
s distribution with 4 d.f. under the hypothesis that all &~values

are 2ero,
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It is to be notcd that in this estimation procedurc

V.

we have used the information matrix evaluated at (pij'qij
which means that we have ignored the sampling fluctuations
in the estimate of the sampling error of the gene frequencies,

In order tO maintain uniformity and comparability, this has

been donc also for the other two models congsidered in Chapter VII,

4.9 Directions of maximum and minimum variation

In Chapter VIII, the problem of representing the
scatter of ABC gene freguencies unidimensionally has been
considered. The variation in the gene freguencies p and g
€an easily be representod two-dimensionally, It is also of
interest to find out an axis along which the variation in
'p and g is the maximum and ancther along which the variation
is the minimum., A statistical procedure of finding the
directions of maximum end minimum varlability has been described

in this szection,

Supprose there are k populations, 1,2,...,k. Let the

A and B gene frequencies in the i-th Population be p; and dje
kespectively, i = 1,2,...,ks For the i=-th population, we define
a new one-dimensional random variable o= ap; + bg;., where

a and b arc constants,
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Suppose we wish bto test the hypouhesist H. ¢ A

22D O ry l = )2 =
. 2 ~ i ' D o= e | o]
o= A=A (say) . Let p, and &, be tne maximurny likelinood
Ik ¥4 1 T
e - _ . , ~ ”~ 4 -1
estimates pf P; and g;, respectively., Thoen, (pi,qi)N L‘J(pi,qi,gi i
-1 . , . : . . L
where 3i T 1s the information matrix of (pi, qi) . Wo estimecte
A, as:
i@
-~ A A
‘)\,- = ap. bC'. -
T, 4Py + Py
i 1 N q = e
her, (Kl) 1
Also, ) being unknown, we estimate ) asy
1.
A a o A, iEY A ]_(1;
A= an + bg, where p = 3 ni pi/ pX Ny, and
ih— . =i
A k . k
g =2 o, Cli/ by Ny
i=1 il = ™ 2
Ny 0Cing the sample size from the i-th ponulation,
Then, i- order to test *the ypohilesis HO, ¢ usce the statistics
k : AA & oA A
> A A D 2 e . ; 2 ol
. = B [L:i'\',-"'-) _I/ Ea IFY 1 o2ap P9 4 pé 19 ‘],
i i=1 =
]
.’
¢ which follows, asymptotically as n - o, 4 chi-square distribution
i ) | . PP P4
with (k-1}) d.f. under H., where is the inverse
] P4 T4

0 et q N . — . - nooA
of the information matrix of (p,q) eveluated at GeGl
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Note that

oy
o0

T can be writcon as
2% s , t2ao s 4 e g
A
i B A%E pg &g k
i A A ~x
a® PP 4 gap P9 4 2 19§
where
N = A 2 el L
1. . i . ; ¥ . \
PP 4o TR LM Lng
k _,n‘ﬁl - .)\' A‘ Il
Saa = X I, {fp‘é' + i lpl)(Llel) ¥ ql(znlpi}
e T (Eni)2 2ny
pi(Eni%i)]
Zni
k z s
& i=1 U (sn,)? A0y

We now wish to find thc

30t5

maximise and minimisn M

Let g:{g}, 5 =

Then, T can be written as:

o' S g
LR i

at D oo

~ ~

« wherce D is a positive

of valucs of o and b, which will
S -
PP P =y 1 e
and D =
= o
")pq Qqq Ipq ICICE

definite matrix,
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"
k.

&%)

Since D is positive Cdefinite, there exists = non-gingular

natrix € such that = C'C,
Hence, af Da=g C'Cag=v'y, wherey = C q,

e e Lot ~ ey o -~

=il i

and, @ ISl = gt g S C Ve

Lad an

e L4 l ’-_l
y! (-‘! S it }7

Cur picklem is, cherefore, to maximisc (minimise) - =,

v'y
vl L
By using standard rcsults in matrix theory, it can be shown

that thei}argebc (Jlileotﬂ eigen~vector corresponding to the

; - =ik = -] e
largest (asmellest) eigen-valuc of CF S C 7 maximises (minimises)
the above guantity. Again, since similar matrices have the same

. : . . =l =1L - -
elrgeri~-valuces, the eigen-values of C! Sk will be the same as
N S RS -1 . ‘

those of C © SINC Eles i S, Hence, tne eigen=-vector
" - o L . -1
correspondl ig to the largest (smallesi) eigen value of D 78

will maximisce (minimise) T, It is to be noted that in the
above trocedure, we have © mored the sampling fluctuations in
the estimate of the sampling crror of gene frecuencies, since
the estimated diapersion patris tendds, asympeocically, to tho

g

actual dispersion matrix.,
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Table 4,1

si

The boundary valucs of 25%
around the noolcd gence frequencies for sample

114

confidence cllipses

zos 100, 20C and 40C for the Nortnern zone.

n = 100 n = 260 n = 400
e WA ooy LB sy Doty KB i
(1) (2) { 3) (4) (5) (6) (7) (8) (9)
0.222 0.188 0,184 0.212 ©.188 0.207 0,205 ©.188 0,224
0.233 ©.175 0.1€9 0.220 0.179 0.211 ©0.210 0©.182 0.227
P.248 0.153 0.204 0.231 0.l64 0,222 0,218 0.171 0.234
0.256 0.140 ©0.z19 0.236 0.154 0.232 0.222 0.164 0,242
0,259 ©.130 ©.234 0.238 0.147 0.243 0.223 0,159 0.249
0.259 0.123 0.249 0.238 0,142 0.253 0.224 0,156 0.257
0,257 0.119 0.264 ©0.237 0,139 0.264 0.223 0,153 0,262
0.253 0,117 0.279 0,234 0.138 0.275 0.22C 0,152 0.272
0.246 ©.117 0.294 0,229 0,138 0.285 0,217 0,153 0,279
P.236 0,120 0.309 0,222 0,140 0.296 0,212 0,154 0,287
223 0,128 0.324 0.213 0,145 0,306 0.205 0.158 0,294
210 0.136 0,534 C.203 0.152 0.314 0.199 0.162 0.299
0.154 ©0.344 0.188 0.164 0,321 ©C,168 0.171 0,304
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Table 4.2

142

Composition and distances of clusters formed
at the 20 steps of single-linkage agglomeration
for the Western Upper Castes

new cluster

step formed at

composition of
the new cluster

distance between
the two clusters

chi-square

this step forming the new value d.
cluster
(1) {2) (3) (4) (5) { 6)
i) ¢t 08007, 10007 0.35 - -
2 cl2) 14007, 14066 0.44 - -
3 ct3) 14008, 14105 0.57 % ~
4 cl4) 10009, ct1) 1,12 - =
E cls) 14021, 14131 il & b
6 ct & 14107, 14132 1.29 - -
7 L7 14006, ct5) 1.40 - -
(7) '
8 cl8) 14106, C 1.42 - -
9 cl9) 08015, 10004 1.44 - £
10 ot 10) 10005, ct2) 1,45 - -
{2) )
1 (1) 08025, C 1,52 1j62 =, 4
15 C(122 C(6)’ c(8) 1.53 =, -
15 ct13) 14064, ct12) 1.57 ” -
% 1) A3 (13 B o el
15 cl1s) 10008, ct14) 1.98 17,70 18
16 o(16) ctd)  (10) 2.04 2 -
17 17 08039, ct16) 2,17 18,78 12
18 0(18) C(lSi C(l7) 2 .17 103,02%%32
19 19 1) (18) 2 .46 113.21%%33
20 ct20) 10006, ct19) 2%l - =

** significant at the 1% lecvel
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&HAPTER

PRELIMIIARY ANALYSIS

5.1 Checking gquality of the data Distribution of D/o
2
and ;K;HW values

Before embarking upon an analysis of the data, it
ws lmportant to investigate +he guality of the data - to search
for systematic serological pring errors in the data, The main
source of error in blood grouping is the failure of the anti-
sera to detect the presence of A antigen in AB blood group
phenotypes, which results in a shortage of AR (Mourant, 1954),
'%s early as in 1940, Fisher and Taylor chserved g 'Systematic
i%rrors not all of which are yet understood, do undoubtedly
affect the frequency of the rarest of the four blood groups
§AB) ', As has Yeen mentioned in section 4.2, the sign of D/c
.is_an indicator of the deficiency (+) or excess (=) of group
4B, An examination of the distribution of D/c values might,
therefore, provide clues to the presence of systematic serolo-
gical typing errors in the data. In the absence of any grQuping

error, for large samples from a random-mating population,D/c
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éfollows a standard normal distribution. Hence, the observed
.and expected frequency distributions of D/¢ can be compared to
.detect the presence of cystematic Llood grouping errors in the
data.

For this purpose, the entire body of data was divided
into four yroups depending upon +he year of publication = (i)
data published upto 1950, (ii} data published between 1951 and
' 1960, (iii) data published between 1961 and 1970, and, (iv)
. data published after 1970, The idea behind this grouping was
that even if we were ahle to detect systematic serological
| typing errors in the data, they should mostly be present in
the data published in the earlier decades,‘since blood grouping
i technigques have been perfected over the yvears, The observed
. and expected freqguency distributions of D/o values along
with the goodness-of-fit chi-square values have been presented
in Table 5.1, separately for the 4 groups of data. Contrary

to expectations, the goodness—-of-fit chi~sgquare values turned

e R i e e o

. out to be significant at the 5% level only for the latter
.
. two groups of data. Although chance factors cannot be ruled

out, even for the groups of data published upto 1950, and those
1 i

. published between 1951 and 1960, the observed frequency of

E D/c > 1,645 is higher than the expected indicating the possi-

t ey .
. bility of some amount of deficiency of bliood group AB. A closer

examination of D/¢ wvalues indicated the possibility of the
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5.3 ™ o A

existence of some laboratories in India where the error in

serological classification may still be guite large. For

example, of the 31 studies reported after 1970 from the anthro-~

pological laboratory of Utkal University in Orissa (identi fi-

cation numbers 18020 to 18050), 13 showed significant D/¢ valuec

. in comparison with the expected figure of only 3.1l. When all

these 31 data sets were excluded, then for the group
of data published after 1970, the cbhbscerved and expected frequency
distributions of D/¢ values were modified to those presented

in Table 5,2, The overall goodness-of-fit chi-square value of

10,0725 turncd out to be insignificant at the 5% level with

10-d.£. OCf course, it is not always possible to attribute thc
excess of observed D/0 values over the cxpected solely to
typing errors. 1In fact, for populations practising inbreeding

or other forms of non-random mating, Hardy-Weinberg proportions

‘may not be met., In an inbred population one would actually

expect a decreased freguency of the heterozygotes as compared
with a random mating population. It may, however, be mentioned
that the rates of inbreeding among the populaticns of Orissa
are not so high (Roychoudhury, 1977) to eause such an axXtremo
departure of the obscrved frequency of D/G values from the
expected. This analysis, thercfore, suggests the existence

of some laboratories in India wherc the blood group data

generated may not be vcery recliable.,

I
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We also looked into the observed freqguency distributicn
of)wa values for the entire body of data under consideraticn
and compared it with the expected. It is known that the exis-
tence of inbrecding, differential mortality, inclusion of
related individuals in the sampleand other such factors tend
to enhancc the'}wa valuc (Rao, 1958, Workman and Niswander,
1970) . The detection of an cxcess frequency of large:X?Hw
values 1is, therefore, not of much interest., The detection
of an excess frequency of smalliK?Hw values may, however,
indicate thc possibility of data bkeing 'smoothed’ to a certain
extent €O bring them in closer agrecment with Hardy-Weinberg

proportions (Rao, 1958) .

The observed and oxpected frequency distributions of
}?HW values, and the chi-sqguare values for testing the goodness-—
Qf-fit of these two distrikutions have becn presented in
Table 5.3. The observed and expected frequency distributions
Of?@Hw.values werc found to differ significantly at the 5%
level, Therce was indeed a great excess of large'X?HW valucs,

but not much of an cxcess of small/X?Hw values.,

It may also bc mentioned that, in most cases, for
the data scts for which the D/¢ valucs turned out to be

significant, the/}?Hw values also turncd out to significant.
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»5.2 Graphical analysis

Trisngular charts vwere pPreparcd to describe the
scatter of gene frequoncics within the geographical zones
and socio-religious categories, by the method described in
section 4.4. A mothod of indicating the margin of error
associated with the location of'a point on a triangular chart
‘has been described in scction 4,5, Since the computation of
the confidence ellipses and plotting them for all the points

on the charts turned out to be practically infcasible, for

cach chart confidence cllipses fer n = 186G, 200 and 400, were

: plotted cnly around the pooled values of gene trequencies,

- The Negrito tribals and Parseccs being represcented by only

< 2 and 3 data sets, respectively, triangular charts were not

prepared for these two categories.

The triangular charts for the geographical zones and
'the spcio—rel;giqus categories have been prescnted in Figures
5.1 through 5.14. The broad patterns of variation az arc
evident from th;se figures have been discussed beclow in some

dctailt

5.2.1 Variation within geographical zones

(i) Northern zone . As can be scen from figure 5.1,

14

the scatter of gene frecquencies of data set bolonging_to the

Northern zone is rather small, most fall in the range §
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p = (0,15 - 0.20) and g = (0.25 = 0.35). There arc 8 dota
sets with sample sizes grecoter than 100 which fall ocutside
the confidence ecllipse for n = 100. These data sets cannot
be trcated as homogencous. Of these 8, two descrve special
mention. They are Rajputs of Kulu and Katrain (19023) and
Kinnar Kanets of Chini Valley (19043) with samplc sizcs 268
and 310, rospoectively, Those two populations fall aside
significantly from tho rest. There are also 14 other data

sets which fall outside the confidence ellipsc corrcsponding

ton = 100, but all these scts have sample sizes smaller than
100, The remaining €5 data sots included in this zonc fall

within the confidence cllipses corresponding to theoir sample
sizces, and can, therefora, be treated as homogencous, Thus,
by and large, dJhere is considerableo homogeneity among the

data scts of this =zonc,.

(ii) Eastern zone . In contrast to the Northern zone, the

gene frequencics of the data sets belonging to the Eastern zone
are very much scattered (figﬁre 5.2) . At the one extreme arc
somc populations of Niccobar islands (01003, 01007, 01008, 01011)
with low A and B gcne frequencies, ot another extreme are the
Onges of Andaman islands (0l001l), Asuras of Palamau (06014),
Northern Pahiras (06032), with high A ge.c freguency, and at

yet another extreme arc the Poundra Kshatriyas of Bengal (04071),
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Birjias of Folamau (06024), with highi B gence freguency. The
pooled A and B gene fregucncics would have becn higher but

for the precsence of the HNicobaresce samples in che pocled data.
Although several data scts ~re Outside the contidence ellipse

for n = 100, there Pppears L

O

1

(@]

=

one ifarge clustor consigting
©of scveral data scts lying in the gene Lrequency ranges s
P =10,14 = 0.2)) and q = (0,23 - 0.32). The samples of Wicokar

islands also fonr a clustor.

(iii) Southern zone . The gene frequencics of the data sots

of Southern zone are also very scattered (figure 5,3). a4t the

one extreme, woe hove the Kotas

C
=

Nilgiri Hills in Tamilnodu
(22031, 22052, 22063) who posscss almost na A gene, and at tho
other we have the Paniya s Of Malabar Wynaad in Xerala (11001,
11016, 11C17) with about 45% of 2 gene.  The aAdiyans of Kerala
(11021) also scem to lic elose to the Paniyens, but the sizc
of the Adiyan samplc is rather small (= 38) , Similarly, the
Noyadis of Kerala (11008) are found tc possess no A gene, but,

again, their sample size is srall (= 38}, Cf the threc Indian

W

Indian Staztes = Andhra Pradesh, Kcrala and damilnady - included
in thc Southern zone, Korala has the maximum variation in gonc

frequencics, Although a majority of thc data sets of this

zone fall within the confidence cllipse —eorresponding to

n = 100, thore arc algo scveral data sots lying outside it,
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Actually, only 46 samples out of & totszl of 115 lic within
|.. 3 .,| = 3 - -

P thelr corresponding cunfidence cllipacs. Howover, bocrusc
¥

of the inclusion of +h. scts of date on Paniyans and A&iwans,
the pooled p vrluc of this zone hos boecome somowhat higher,

f There appears “o be a cluster of data sots Tailing in tho
fanges 3 ©u = (0.10 - 0.17) and ¢ = (0,07 - 0,17), which includes
diverse caste, rcligious and “ribal wrouns from Andhrz Pradosn

{e.g., Yenadi, Erukula), Kerala {e.g., Iznavan, Nnir) and

f Tamilnadu (e.g., Muslim, Kurumba) .

{iv} Western zone . 1In this zone, as is ovident from figurc

|
]
ES.L although “ther¢ ie a centrnl cluster of dita scts that fall

0]

3
Lwithin the confidenco allipse for n = 400, and although most
data sets fall within th: confidcnce cllipse for m = 10C, thero

are several scts whose gone freguencics ore very much deviate

from the pool:d gene froguoncics of this zone., Tor inetance,
fthere arc scveral populations of Maharashtra, ¢.g., Bhavasar
{14016), Kunbi Mana.(14041), Lewa (14043), Whavi (14046),

Vaishya Wani (14060), Wadwal (14061), ctc, who ne
y I L I

4]

B3Cs55 @& high
f-genc frequency (29-36%), and somu populaticns, c.g. Manciwallah
of Maharashtra (14097), Sindhi Lohana (08040) and Visa Oswal Join
{08038) of Guiarat, Samagnr of Karnatake (10010), ote., who

Possess rather low & gene frequoncy (3-94) . It may, however,

¢ssing the A gene freogquency

O

.
)
Lo
91}

Ermmed that fur no detz sct
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Migher than 0,287, the sampl~ size is greater than 50, Out

0f a total of 175 data sot

Outside the confidence cllipse for n = 100 although each

them has a sample size greater than 10C. Four scts felling
ithin the caifidence cliipse for n = IE® L e

= e Slse mot wlently

Placed, thot ig, they d

0O
=]
e
i
by
t
}.._2
=
!

ithin their corresponding
confidence cllipses. In any casc, although nothing can bhe said
ebout the variation in gene frequciicios of date scts with

Barple cizes less than 100, therc appears Lo be a cood degroc

Of homogeneity among populations of this zonec.

W) Céntral zonc . ..o can be scon from figure 5.5, the

hpula’tions of Uttar Pradesh ond Madhya Pradesh are very similar
.n respect of .30 gene frequenciles. L asmall proportion

P22 out of 115) of data scis £all cutside the cenfidence ellipsc
gor n = 100, of which only 12 arc¢ of sample size greatcr than
Jo. rive other sets (13005, 13011, 24062, 24063 and 24081)

0 not fall in thoeilr corresponding confidence cllipses, Thorc
is & significant clustering of date sets within the coaflddnoe

llipse for n = 400

{(vi) Himalayan zone . OFf the 27 d-ta sots included in this

fone, four -~ Kiranti (05010), Rai Hepalese (05029), Nowar

05024) and Lunana (05021) - stand apart significantly from
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'hm rest (figure 5,6) . Of thcse four, Xirantli and Rai Hepalesc
possess o very high . gine. freguency (about 40%), Newars nlso
possess a relatively high . gene freguency (azout 32%) and the
hnmnas possess a very high B genoe frequoncy (about 5l1%) . Of
tourse, the samplc size of the Lunants is rather small (= 41).
although only ~ few data scts £all within thoeir respective
confidence cllipses, thore appcars to exist one large cluster

consisting of 17 scts with gene frequencies in the ranges 3

p=(0,009 - 0,132) and ¢ = {0,176 — 0.290). It must be

=

mentioned thot bocausce of the prescnce of the 4 sets with

B

hich /i and B gone freguencics as mentioned above, the pooled
' gene frequencilcs have shifted upwards. If these were excluded
cut of pocling, then most of the data scts would, poerhaps,

nave fallen within the coniidence c¢llipsecs srcound the pooled

gene Ircguencics,

5.2.2 Variation within socio-recligious categories

(i) Upper caste. . Zmong the Upper castes, as is ¢vicent

]

from figurc 5.7, there appeers to be a good decal of uniformity.
' Only a fow Brahmin groups of Kannamangalam in Kerala (11045},
Simla Hitls (19C19), Kulu (19024 and 19083) and Jaunsar-Bavar
(24087), arc distinctly awey from the rest with relatively

figh & and B genc frequencies. OFf the 70 data sets of upper

castes, 20 lic outside the comfidence cllipsc for n = 1CO0,
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‘of which 11 arc of sample size greater than 100. Two popuiations
= Pandits of Kashmir (09C05) ~nd Doeshastha Brahmins of Henbar

in Karnataka (10008), with samplc sizes 32C and 215, respectively,
lie outside the confidence cllipse for n = 200, Also, thrce
Brahmin samples irom Karn-taka and Punjab (10004, 10007, 190
with sample sizes larger than 4C0 fall cutside the confidence
ellipsc for n = 400. Thore appecars to bo o distinct cluster
of 15 data scts which poscoss rcletively low B genc Crequoncy,
Of these 15 sots, 12 cre Brahmin groups of Moharashtra. In
fact, most of the upper caste samples of Maharashtra fall in

this cluster,

(ii) Middle castc ., d4lthough there is = rather large

dlspersal of gene frequencies among the Middle caste samplos
of India, as 1is cvident from figurc 5,8, if we ignorce the
populations with sample sice less than 100, the amount of

herefore, scems that tho

t

dispersal is wvastly rcduced. It,
large deviations of gune froquencics of several scts from the
pocled values may be due mainly to sampling fluctuaticons.,

0f course, it must be menticned that out of wotal of 45 adata

[t}

sets with samplce sizes larger than 100, 16 do not fall within
their corresponding confidcnce ellipses. Onc conspicuous
departure are the Mevars of Nepal (05024), with very high A
oere frequency and rother low B gene froguency. In any case,
the middle castes appear te be less homogencous in comparison

with the upper castes.
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(iii) Lower caste . The ower castes are not homogeneous

-

in respect of 4ABO gene frecuencies (figure 5.9) . Cut of

a total of 48 data scts of lower castes, 12 fall ocutside thc
confidence cllipse for n = 100, Three populaticn groups =
Bagdi (0401l1) =nd Poundra Kshatriya (04071) from West Bengal,
and Bhavasar (12016) from Maharashtra = arce protty distant

from the rost., TFour other seots (04027, 04028, 04063, 24081)
also do not £z21l within their corresponding confidonce cllipses.
Thus, a total of 12 out of 48 data scts are misplacoed, which
indicatecs that there is a good dezl of variction among ower

Castes.,

~

{iv) Muslim . It can b¢ scen from figure 5,10 that the
confidence cllipsc for n = 100 cnvelicpes all but 3 data sets
of Muglims out of a total of 34. Thesce three Muslim samples

arc from Jammu and Kashmii (09007), Horth-dost Pakiscen (17003)

- and Tamilnadu (22016) with sample sizes 60, 74 and 1lél,

respectively. 5Since, ©f thoese three, the sample sizes for
the sets from.ﬁammu and Xashmir znd North-West Pakistan arc
smaller than 100, there is no cause for concern regarding

their not being included within the confidence cllipse for
n = 100, However, the data scios of Muslims from Tamilnazdu

(22018) with a samplc size greater than 100 and lying outside

the confidence ellipscs is clearly noticeable. This sct
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'pbssesses a particularly low B gene frequency (0,123) . It

is also to be noticed thnat all but +wo data sets - once from
Andhra Pradesh (02007) and another from Tamilnadu (22051),
with sample sizcs larger than 200, fall within the confidence
e¢llipse for n = 200. The five data scts with sample sigze
greater than 400 are all included in the confidenceo cllipsc
for n = 400, Thercfore, it is clear that there is little

heterogencity among the Muslim samplecs,

{v) Christian/iinglo-Indian . s can be scen from figurc 5,11,

among the 16 data scts of Christians/hnglo-Indiaps of castern
ana southcrn zones there is no clear-cut cluster., Four scts
fall outside the confidence ¢llipse for n = 1C0. OFf these
four, the data set of iAnglo-Indians from Calcutta (04031)_with

a samplc size of 346 igs remarkably deviated from the rest,

(vi) Parsee , Therc arc 3 independent data sets of Parsces
with sémple sizes 214, 2282 and leéz, respectively.,  These
three scts have morc or lecss similar gene frequencies, the
0 genc frequency being about 61%, B - about 20=22% and A -

about 17-20%.

(vii) Australoid tribe ., .5 is cvident from figure 5,12, there
is a great deal of hcterogencity among tne Australoid Population

groups. Thc /4 gene frequency of the Zwstraloids varies from
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5,14

.0.00 among the Nayadis of Kevala (11008) to 0.569 among the

P Adiyvans of Malabor Wyaaad (11021) . Similarly, *the B gene
frequency alsc veries videly from 0,024 among the /Zisuras of
Palamau (06014) to 0,546 among the Mundas of Bihar {04061) .

A number of pcpulntion qroups from indhra Pradesh = a.9.,
Yenadi (02020), Erukula (02021), ate., Koerala - ¢.g., Lluva
(11007), Xanikkar (11015), Mullu Kuruma (11c18), HMalayaran
{11050), cte., and Tamilnady - E.g., Kurumpa (22055), Paliyan
(22058}, cte., possess low % and B gene frequencies. 4Lt the
same time, the Paniyans of Kerala (11001, 11016, 11017) possess
a JOW‘B gene frequency but a very high & genc frequency.
several data scts f£all outside the confidence e¢llipse for

n = 100, Howover, therc avpears to Le a very closc clustering
of many data scts from different States, - c¢.g., Chonchu (02023)
of Aﬁdhra Pradesh; Santal {04062) of Bengal; Oraon (06013),

Ho (06044), ctc., of Bihax; Maria Gond (13002), Northern

Dhurwa (13065), ctc., of Madhya Prodesh; Tadvi Bhil (14018),
Katkari (lﬂO6‘5), ¢te., of Meoharashtra) and Bado Gabada (18010),
Konda Paroja (18018), otc.,, of Orissa. The & and B gene

frequencicsg of this cluster ard about 22% and 32%, respectively.

(viii) Mongoloid tribe . There is a rathor large dispersion

of genc freoguencies of the *ongoloid tribal groups ( figure 5,13).

4t the one cxtreme are the Mongoloid groups of Nicobar Is,
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With very low (

about 5%} 4 ard B genc frequencies, and at the

Other extreme are sonc populations of Tripura - E ol s

& Noatia (23006), Riang (23C07), etc., and somo populations of

ttar Pradesh - o.g., Bhotia (24028), Tharu (24053, 24062), ete.,

ith very high A (20-25%) and B (30~40%) gene freguencies, There

also are certain populations of Nepal, c.g., Kiranti (05010)

and Rai (05029), with about 40% of A gene and only about 12%

of B gcne,

In the casc of the fongoloid trikal groups, there BSi

no central clustering of points, as is clear from figure 5,13,

ferv few data scts fall even within the confidence ellipse for

h =100, The tribal groups of Nicobar Igs., appear £c form a

distinct cluster, There also appcars to bec another relatively
distinct cluster comprising somc populations of Tripura (23C0s,

43006, 23007) and Uttar Pr.desh (24054, 24Cs2, 24063), with

ather high A and B gene frequencies. 1In any case, it is cleoar
that the Mongoloid tribal

samples are very dissimilar  in

espect of A and B gene frequenci

esh,

(viii) Caucasoid tribe . There is a great deal of variation

ABO gene frequencies of Caucasold tribes (figure 5.14). The
gene froguency varics from about 0,00 among Kotas (23031,

052, 22063) to about 0,20 -~ Lambadi (02711}, Toda (22058)

e pooled gene freguencics cannot be representative, and only

¢ data scts out of - total of 11 fall within tho confidence

llipse for n = 1GO0,
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(ix) Negrite tribe . There arc only two Negrito trilbal

camples = Onge and Bhantu - from the Andomon islends, with
sample sizcs 34 and 122, respectivelv, Since the total number
ofN“grluo tribal groups is small no scattergram of gone
freoucncices has heon prescnted. In respococ of HBO gene
frecquencics, . these twe populations are very much distant from
each cther. Whereas the 7, B,0 gene froguencies among the Cnges

are C.,540, 0,091 and C.358, respectively, these are, among the

Bhantus, ©.123, ©.261 and 0.615, respectively.,

§.2.3 DBroad patterns of variation . On the vhole, it

aprears from this graphical analysis that in almost z2ll the
'geograpﬁi;al zones thore ie considerable hetecrogeneity in ABO
fgene frequencics. In none of the zones, the heterogoneity

seems to be cxplainable by sampling errors alone, although the
extent of hetorogencity scoms to vary from one zone to anothor,
FAmong the six geographical zones, the Eastern, Southern and
Western zoncs scem to oxhibit a great deal of heterogencity.,

0f course, i1t must be mentioncd that in thesce thnoie gzones tho
different socio=recligious cetegories, »re morc woell-reproseniod

in comparison with the remaining zones.

Hmong most soclo=religiocus categorics also, the extont

ene frequencics scems Lo boe unaccountablo

of variation in

J"l

bsolely by sampling crrors, To a good degroe, tho Upper castos,
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. Muslims ang Parsces, seem o be homogencous.  Both the Middle

and Lower caste groups scom te exhibit a good deal, of hetero-

geneity. The Christians/Anglo-Indians also show considerable

heterogeneity in genac froquencieg. 411 the tribal groups also
scem to bo largzly huterogencous,

= +

.3 Chi-squarc analysis

A3 1s evident from the graphical analysis, within
all geographical zones and socio-religious categories there
is a lot of variation in ABO gene frequencies. In order to
test the homogencity of genc frequencies, Chi~squarc tcsts
\WQIC performed within the geographical zones and the socio-
religious categories. The test statistic used for this DUrposc
has been given in section 4.6. Morecover, since the same socio-
religiaus category is spro-d over more then one geographical
zone, and since no gcographical zonc is homogenecous with respoect
to the socio-religious type, the data WOIXC cross—classificd
in two ways ‘on the basis of both gcographical and soclo~religious
considerations. Cross-cla sification of the data thus gave
rise tec 6x10 = 60 subsets, of which zre many as 28 turncd out
| to be empty., It is to be noted that since the test statistic
bgiven in section 4.6 follows 3 chi=squarc distribution only

| for large values of n, date sets for which n is £ 100 have
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(8]
.

—
@

|

been excluded from this analysis. The freguency distribution
0f the data sots among the goographical x sccio=raeligious

subsets have becen presented in Table 5.4 {sccalso Table 6.1) .

The results of the tests of homogeneity for the
marginal classifications scpareately in terms of geographical
and socio—fcligious consideretions, and also for the cross-—
classificd subsets have becn presented in Tables S| 516

and 5.7, respcectively,

From these tables it was scen that within all geogra=-
phical zones chere oxists a great deal of hctercogeneity., Almost
all the socio-religious categories alszo exhibit significant
}wterogéneity, The Parsces, 211 of whom live in the Western
Zone, are homogcencoous, and the Negrito tribals are xcepresented
by only Bne population group from the Bastern zonc, and of
Course thore was no question of heterogeneity there., Of the
32 non-cmpty two-way cross-classified subscts, only the following
13 subscts accounting for 76 population groups, turncd out to

be homogeneous

Horthern Muslims (N=-MU), Northcrn austrnloid Tribes
{N-AT) , Eastern Upper Castes (E~UC), Eastcern Muslims (E-MU),
fastern Negrito Tribes (E-hT), Southern Upper Castes (S-UC),
Hestern Muslims (W=-MU), Western Fersces (W=PA), Central Upper
i%shx;(C~UC), Central Muslims (C-MU), Contral Australoid Tribes
{e-iT), contral Mongoloid Tribes (C-MT) and Himalayan Middle

Castes (H-MC) |
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219

Thus it is scen thot though the Maslims when considercd
all over the sub-continent are highly hcterogeneous, when they
are subdivided into geographical Z2ones, are homogeneous in
the Northern, Eastern, Western and Central zones, though not
in the Southern zone. The Upper Caste Hindus are homogoncous
in the Eastern, Southern and Central zenes, but not in the
Northern and Western zones. Australoid Tribes are homocgeneous

in the Scuthern and Central zones, but not clsewvhcre, Mongoloid

. K
tribes are homogencous in the Central zone, but not anywhcre

.

else, Middle caste Hindus arc homogencous only in tho

Himrlayan zone.

The remaining 19 subsets containing 329 population
groups were found to be internally hetcerogencous., The moethod

¢of cluster analysis has beon used in this papcer to split up

each ¢of those 19 subsets i:to two or more subscts to achiove

éwhomogeneity within the subscts.
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lible 5.2 Modificd obscrved ~nd cxpected froegucncy
distributions of D/o values for daga published
after 1970, and goodness—of-fit chi-square valucs

valuc of D/ | < ~1.645 =1,037 -0.675 -0,385 ~0.126 0,125
fetg observed freqg. 14 11 16 17 19 22
MOUShed  oxpected frog.  9.45 18.90 18.90 18.90 18.90 18.90

after 1970
contribution

T

2.132 3.302 0.445 ©.191 0,0005 ©.sC8

valuc of D/o

C.385 0©.675 1.037 1,645 >1.64%8 total

foca obscrved freg.

whilshed
ifter 1970
T contribution

R

expected freg.

2o 21 18 17 12 - 189
18.9C 18.90 18.%0 18.90 9,45 189

C.508 0.233 0,043 0,191 2.519 10,072
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Table 5.4 Number of data sets included in different
two=-way classified subsets

geographical zone

North- East~ South- West- Cen- Hima-
cio=religious ern ern ern ern tral lavan total
category (M) () (s) (W) (c) (M)

(D 2 (3 (&) IR v Rl

Upper Caste (UC) 6 9 3 2k 8 - 47
Middle Caste (MC} 3¢ 15 14 36 26 2 128
Lower Caste (LC) - 16 - S 8 - 32

lims (M) 7 12 4 2 4 - 29

ristians/ ( CH)
glo-Indians = 15 4 = = = 9

(pa) - - - 3 - - 3
ibals -
fustraloid (AT) 3 39 25 23 10 = 100
#ongoloid  (MT) - <)l - ~ 7 13 Bl
Caucascid (cT) = = 5 = - = 5
Negrito (NT) - i - - - - 1

total 50 129 55 93 63 15 405
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Chi-sguare test for homogeneity of data
sets witnin geographical zones

geographical nao. o?’ data dcgreoc of e
zone sets in zone freedomn _ s

(1) (2) (3) (4)
Nprthern 50 98 334,69 ww
Fastern 179 256 2441.74 %
Southern 5’5 108 1375,73 &
Western 93 184 BI85 G218 =%
Central 63 124 371,65 *%
Himalayan 15 28 275,28 **

i** significant at the 1% level
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Table 5.6 Chi-square test for homogeneity of data
sets within scocilo-religious categories

142

ocio-religious

nc. of data sets

degrees of

ategory in category frecdom e e
(1) (2) L 3) {4)
indu Upper Caste 47 o2 341,19 *%*

Middle Cast= 128 254 1367 ,00 **
Lower Caste 32 62 263,29 *¥
29 56 136.87 *%
ian/Angio
Indian 9 16 68.6G **
g 4 2,07
ustraloid Tribe 100 198 1431 .82 *%*
ongoloid Tribe 51 100 1835.96 *%*
faucasoid Tribe 5 8 2ROIS A@ =
1 _ -

egrito Tribe

* significant at the 1% level
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Table 5.7 Chi-square test for homogeneity of data sets
‘ within two-way cross-—classified subsets

geographical x socio- no. of datz sets degrees of i

religious subset in subsct freedom S
l g1 o (2) ) — .
L lorthera Upper Caste (N-UC) 6 10 32.69 **
{ Northern Middle Caste (N-MQ) 34 66 223,12 %%
s Northern Muslim (W=-MU} 7 12 15.77
¢ Norchern Australoid .

Tribe (N=-AT) 3 4 8.10
5, Eastern Uopper Caste (E-UC) 9 16 26,22
b, Zastern Middle Caste {E~MC) 16 30 101,33 **
T, Bestern Lower Caste (E-LC) 16 30 148,79 ¥x
. Eartern Muslim { E-MU) ilr, 22 30,72
Y, Eastern Christian/

anglo~Indian (E=CH) 5 g8 36,89 **
0, Eastern Australoid

Tribw (E-AT) 39 e 349,23 %%k
i, Easterr Mongoloid

Tribe ) ( E~M7) 31 60 1273,81 *%
L Bastern Negrito Tribe (E-IIT) 1 - -
I Southern Upper Caste (S-UC) ) 4 0.+63
ki, Southern Middle Caste {S-MQ) 14 26 90,48 *¥%
L. Southern Muslim . (5=MU) 4 6 30 .48 =%
. Southern Christian/

Anglo~Indian (5-CH) 4 5 20,60 #*
I Southern Australoig )

T live ({ S=AT) 25 48 648,99 w%
b, South=rr. Caucasoid

Tribe (s-CT) 5 8 205,07 %%
western Upper Caste  (W-UC) 21 40 129,57 *®*
i, iesterp “iddle Caste (W=MO) 36 70 364,69 w*

%s@nifiCant at the 1% level
.e. COntd,
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(1) (2) (8)
i, Western Lower Caste (W~-LC) 14 42 05 #%*
2, Western Muslim (W=-MU) 2 0,42
)3, Western Parsee (W-=-P2) 3 4 2,07
i, Westexrn Australoid
Tribe { W=AT) 23 44 220,39 *%*
%, Central Upper Caste (c-uc) 8 14 11,54
%, Central Middle Caste (C-MC) 26 50 108,07 #**
M, Central Lower Caste { C=LC) 8 14 66,07 *%*
%, Central Muslim { C=1MU) 4 5 3,19
X, Central Australeid
Tribe (C=-AT) 10 18 26,71
0, Cenkral Mongoloid '
Tribe ( C=MT) 7 12 22,30
i, Himalayan Middle :
Caste ( C=1C) 2 2 4,19
R, Himalavan Meongolold
Tribe ( Ha14T) 13 24 230,98 **

#Mgignificant at the 1% level
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FIGURES 5.1 - 5.14

MOIE: (1) In the figures 5.1 - 5.14, the trisngular-chart represen-
tations of the scatter of ABO gene frequencies have been
presentefl for data sets belonging to the 6 geographical
zones (figures 5.1 -~ 5.6) and for data sets belonging to
8 socio-religious categories - excluding the Parsees and
Negrito tribals (figures 5.7 - 5.14).

(2) For each point in a triangular chart, the ldentification
nutber (as in Appendix 1) of the corresponding data set
has been glven alongwith. In order to save space, an lden-
tification nurber, say 04008, has been written as 4/8.

(3) Different symbols have been used to indicate the sample-size
class in which the data set belongs. These symbols are as
given below:

sample size class synbol
< 50 A
51 ~ 100 @
161 - 200 o}
201 - 300 A
301 - 400 »
> Koo .

Thus, if a polnt 1n the triangular chart 1s represented by
a A, then 1t means that the sample size of the data set
corresponding to that polnt is less than 51.

(4) The pooled gene frequencies of all the data sets belonging
to a particular category have been represented by a "X" in
the triangular chart.

(5) The confidence ellipses areund the pooled gene frequencies

have also teen presented for n=100, 200 and L00. These

sample sizes are Indicated alongside the ellipses.
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CHAPTER

VI

CLUSTER ANALYSIS

6.1 Formation of rational homogeneous clusters

Within each of the 19 geographical x socio=religious
subsets which showed internal heterogeneity, cluster analysis
was performed to partition each such subset intc-a number of
'rational homogeneous clusters' (RHC's), Using the procedureq 
menticned in section 4.7, 93 RHC's were formed by breaking-up
ithe 19 subsets., Of these, 41 turned out to be single~point
blusters. Including the 13 two-way cross—-classified subseté
which showed no internal heterogeneity, the 405 gata sets
for which n > 10C were thus gréupei into 106 (= 13+98) rational

-

homogeneous clusters.

For the sake of a2 neater Presentation of the results
of cluster analysis as also to make +the identification codes
of the data sets self-explanatory, for the 405 data sets
included in tRis analysis fresh i@entification codes were
given {at thc end of .the ;analysis, These identificotion

codes are of the form +/ =oo-mm, where + is a single=letter
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code for the geographical zone, 06 Ls the two-~letter code
identifying the sociowreligious category and mm is a two-
digit serial number within the geographical x socio-religious
subset. In Table 6.1, the new identification codes have been
presented along with the identification codes as in Appendix 1.

for the 405 data sets under consideration,

Since the RHC's are homogeneous within themselves
in respect of ABC gene frequencies, the combined gene frequen-—
cies for each RHC were es%imated from the pooled freguencies
of phenotypes 0, A, B and AB, of the data sets included in
tte RHC, The composition and the combined ARO gene frequencies

of the 106 RHC's have been presented in Table 6.2.

From the sizes and compositions of the RHC's, it was
seen that for many two-way cross-classified subsets, only
one or two population groups with gene freguencies significantly
different from the gene frequencies of the remaining population
groups included inrthe subset makes the subset statistically
heterogeneous. Such subsets are divided into a ‘'large' RHC,
and one or more ‘'small' RHC's. This was seen among the ilorthern
Upper Castes (N~UC), Worthern Middle Castes (N-pMC), Eastern
Middle Castes (E-MC), Eastern #ustralcoid Tribes (E=AT) and

Central Middle Castes (C-MC), The natvre of heterogencity
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and clustering patterns turnr.d out to be in conformity with
those described in section 5.2, The compositions of the

RHC's were also tound to be generally in accordance with the

~available ethno~historical evidence. Some of these features

have been discussed below in scme detail.

5,2 Anthropological interpretations of rational homogeneous

clusters

6.2..1 Nérthern Upper Castes (N-UC) ., This subset consisting

of the Brahmins of the Northern zone [Pandit is a self-styled
title of the Sikh Brahmin elite mercantile class of Kashmir
(Bowles,l977f}, are rcmarkably similar. Of the six data sets,
only one - the Brahmin sample of Kulu and Katrain (N-UC-06) -
is significantly deviated from the rest., This sample has a
very high & genc frecuency (0.30) compared to the pooled
frequency (0.18) of the other five data sets. It also has

a slightly higher B gene freguency, and consequently a much

lower O gene Ifreguency.

6.2.2 HorthernMiddle Castes (N-MC) . Like the upper

castes, the similarity among the Notlheyn middle castes is
also remarkable. There arcec 34 data sets of the middle castes,
who grouped' themselves into 6 RHC's, Of thesa, 28 samples

consisting of Jats, Aroras, Khattris, Rajputs, Ahirs, Gujars,
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etc., formed one RHC (N-MC¥1l, , Of the population groups from
which more than one independent data scet was availab%g, the
Rajputs exhibited the maximum amount of variation. The 8
samples of Rajputs were included in 4 distinct RHC's, This
large variation is, however, not surpﬂgsing in view of the
fact that there has been a considerable amount of admixture
of tiie Rajputs with the land-holding and ruling families of
some tribes, cspecially, the Kolis and the Bhils (Enthoven,
16920) ., Morecover, several lowcr castes occupying the same
terrain as the Rajputs claim Rajpﬁi descent, imitate Rajput
cuctoms and call themselves as Rajputs in & bid to gain higher
social status (Enthoven, 192C) . For cxample, in Bulandshahr,
the Ahirs claim to be Chauthan Rajputs, in the north-western
provinces the Jats claim Rajput descent (Crooke, 1896) .
Therefore, the Rajputs arc really a mixed group, and hence

bioclogical homogeneity within this group is not expected.

It is believed that the Jats, Gujars and Ahirs are
derived from a common cthnic stock (Crooke, 1896). From the
present analysis also it was scen that these groups cluster
together (N-MC*1l), However, a sample of Jats drawn from Dclhi
constitutes a separate RHC (N-MC*5), This sample has a much
higher A gene freqguency and a much lower B genc freguency as

compared to tho other Jat samples.
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Along with the Jats, Gujars and Ahirs, several trading
canmunities, e.g.. Seths, Aroras and Khattris, are found to
grodp themsclves. Although nothing very defipite is known
abodt the ethno-history of thesc trading groups, 1t is known
that these groups have a north-western origin, which is also
true of the Jats, Gujars, Ahirs and Rajputs (Crooke, 1896) .

It is, thercfore, quite possible that all these groups have
evolved from the same ethnic stock, which may be the reason

for theixr clustering together,

6.2.3 Eastern Middle Castes (E~-MC) . The 16 data sets

of middle castes of the Eastcrn zone grouped themselves into

4 homogeneous RHC's, of which 3 turned cut to be single point
clusters. The homogencity among the Kayasthas is significant.
all the 6 samples of Kayasthas belong to the same RHC (B=-MC*1) .
The Ranas are & title of a sub-caste of Kayasthas {Risley, 1908),
and are, therefore, rightly clustered along with them. The
Vaidyas and Kayasthas are almost indistinguishable from a
cultural vicwpolint (Risley, 1908), and may have originated

from a common cthnic stock as is suggcsted by their clustering
together.

6.2.4 Eastern Lower Castes (E-LC) . Six RHC's were

formed of the 16 data sets included in this subset, Of

these 6 RHC's, there is one large RHC containing 9 samplaes,
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and 4 single po;nt clusters, The three independent Mahishya
samples have all kecer included in the same RHC (E-LC*2),
whereas the Rajbanshis exhibited z good decal of variation.
The Rajbanshis are a rather mixed caste and in western Bengal

Rajbanshi is a title of the Bagdis (Risley, 1908), The two

~ Bagdi sub~castes - Tentulia and Duley = sampled in Chander-

nagore (Hooghly) were included in the same RHC (E-LC*3) along

with a sample of Rajkanshis (E-LC-12),

6.2.5 Eastern Australoid tribes (E~-AT) , Nine RHC's

were formed of the 39 data scts of Eastern Sustraloid tribes.
One of these (E~AT*1) contains 28 data sets, and there arce

5 single point clusters. Of the 4 independent samples of

" Santals, 3 were included in the REHC E-AT*1 , whilc oncvsample

(E-AT-31) drawn from Chinsurah (West Bengal), fell in a
different RHC (E-AT¥3) . It may be mentioned that this samplc
of Santals also exhibitced poculiar departures from the Santals
sampled at other localities in respect of the frcguency of
G-6~I deficiency and colour~blindness (B.N, Mukherijce,
personal communication) . Admixture with local populations

is suspccted to have caused this departure,., With respect to
the ARO hlood groups this sample has = much lower & genc
frequency and a much hicher B gene frecqucncy as compared to

the other Santal samples, The Oraons arc represented by
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5 independcnt samples. Four of thesc were included in cne
RHC (E~AT*1), while onc sample from Ranchi (E-aAT-39) grouped

itself as a separatce cluster (E=AT*9),

While in the Oraon samples included in E-AT*1, the
A gene fregquency varies from 0.18 to 0.22, for thz Oraon
sample from Ranchi (E~AT-39) thc frequency is ©,09. Both
the Munda samples (E-AT-04 and E-AT-10) beclong to the same
RHC (E-~AT*1), The Hos, Mundas, Gadabas, Oraons, Juangs and
Bhumijs belong to the same linguistic family - Kolarian (Risley,
1908, Russell, 1916). They may, thercfore, have a common
ethnic bearing too, which is indicatced by their inclusion in

the samc:RHC (E=-AT*1) ,

6.2.6 Lastern Mongoloid tribes (E-MT) . The 31 Mongoloid

tribal‘samplus of the Eastern zone groupacd themselves into

10 RiiC's. Lxcept for the data scts of the Nicobar Is, (E-MT*4),
a large ambunt of heterogeneity was obscrved among the other
popﬁlations of this zone. The populations of the Nicobarrls.,
as has been mentioned carlier, have very low & znd B genc
frequencies. The other population groups included in this
subset arc mainly from Assam and the North-East Frontier
provinces including Rabhas, Riangs, Garos, Khasis, Aborstukis,

Nagas, etc. However, barring the Riangs, all the other
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populations from which morc than one sample 13z availlable sccm

to be quite heterogensous, as the independent samples from

the same population do not fall in the same <¢luster. The

Abcrs and the Nagas are said to be the same group. In Assam,

the Nagas occupying the northern faces of the mountains all

pass. under the general name of Negas, whilce thosc situated

on the higher ranges are known as Abors (Elwin, 1969). Thus,
althouch not much heterogeneity is expected between fhe Abors

and Nagas, the prescnt analysis does not substantiate this.

About the Rabhas also Ytherc scems to be a good deal of uncer-
tainty as to what thesc pcople really arc'. 'In lower Assam,

it is asserted that thcey are an offshoot of the Garos, while

in Kamrup and Darrang it is thought that they are Kacharis on

the road to Hinduism' (Gait, 1892) ., Again, some anthropologists
believe that the Galongs are a sub-group <f the Abors, while

- some belicve that they arc a separate group of people (Srivastava,
1962) » From the foregoing account 1t is clear that the ethno-
history of this region is not well-documented, and thiercfore

it was difficult to interpret the results of the present analysis
in the light of the scanty cthnological data available, However,
most of thuse groups, although known by a general name in a

very large area, arc really made up of a number of cxtremely

localiscd isclatecs of small numerical strength bcecause of the
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restriction on mebility due o the inaccessible and mountainous
terrain of this regicon. This may bc the reason why there is
s0 much heterogencity among the samples of the same populaticn

group.

6.2.7 Socuthcrn Middle castes (S~MC) , The 14 southcrn
middle caste samplcs of{zone groupcd thomselves into 4 RHEC's,
Among the 14 samples, there are 4 samples of Nayars (Nairs),
and thcse 4 samples were found to fall in 3 different RHC's,
This shows that the WNailrs are quite heterogencous, which is,
however, not surpvrising because thecy arce a mixed caste., The

or’yinal Wayars were undoubtedly a military body, but through

successive waves of immigration from Karnataka and Tamilnadu

members of several tribes and castes came and settled down

in Kerala {thc original habitat of the Nayars) and adopted
the caste name of Nayar to attaln a more respectable place

in the social ladder (Thurston, 19098) . Further, the MNayars
being matrilinial, have been having close marital relations
with many other groups, espeecially the Namboodiris since a
very long time. The Reddys and Kammas who grouped themsclves
in the same RHC (3-MC¥1), 'scem to nave branched off from one
and the same Dravidian stock' (Franeis, 1901}, The Pillais
and Mudaliars also belong to the same cluster, They are the

same people known as Vellalas. The Vellalas c¢enerally take
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the title of Mudali in the northern and Pillai in the southern
districts (Thurston, 7909 . The IzhavahRs who constitute an
independent cluster (S-MC*4), are traditionally toddy tappers
and are believed to have come from Sri Lanks in a not-too-

distant past (Bhanu, 1973 .

€.,2.8 Southern Australoid tribes (S=AT ) , A great deal

of heterogencity was oObsccoved among the Australoid tribes

of the Southern zone., Ten RHC's were formed of the 25 data
sets included in this subset. The two Paniyan samples (S-AT-12
and S-AT-13} and Malapantrans (S=AT-14) having a very high

A gene frequency (0,.42) form one cluster {S=-AT*3), Not much

is known about +the ethnic relationships among the tribes
included in this subscet. It was, therefore, difficult

to interpret the cluster conficgurations cobtained.

6.2.,9 Western Upper castes (W-UC) . Four RHC!s were

formed of the 21 data scts included in this subset. Among
the Brahmins of this zone, the Desasthas showed the groeatest
amount of variation. They are guitce widespread and ore found
chiefly in the southern districts of Maharashtra (Sanghvi, 1954),

as also in the neighbouring states of Karnataka and Andhra

Pradesh. 0Of the 9 indepcndent samples of the Dasastha Brahmins,

5 fcll in one RHC (W-UC*1l) together with two samples of aAudich
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Brahmins, who arc found all over Gujarat, and, it appears,

have entercd Gujarat from nothern India (Vyas et al., 1958),

In another RHC (W-UC*3), there arc threc samples of Audichs,
Deasasthas and Nagar Brahmins, Th: Nagar Brahmins, like the
Audichs, are also from Gujarat. The 3 samples of Chitpavan
Brahming (thc Koknasths are Chitpavans) are all included in
the same RHC (W=UC*2), “This group is nuncrically much smaller
as comparaed to the Desasths or Audichs, and are found chiefly
in the scuth-western parts of Maharashtra. In W-UC*2 arc

also included 2 samples of Desasthas, 1 sample of iadhyandins,
3 vramples of Saraswat Brahmins, and 1 samplc of Nagar Brahmins.
The Saraswet Brahmins arc found in the north-western districts
of Karnataka and south-western districts of kiaharashtra, and
appear to be guitc homogeneous as all the 3 samples from this
group are included in the same cluster. Xt must, howcver,

be mentioned that the clustering togetiwer of Saraswats, Chit-

pavans, Desasths and Machycndinsg acc in discordance with some

earlicr studies (Karve aond Dandekar, 1951; Malhotra, 1966, cte.).

£.2.,10 Western Middle castes (w=MC) , The 36 data scts

included in this subset wore gréuped into 8 RHC's, of which
4 turned out to bo single-noint clustcers. The Marathas who

are spread over the vhole of Maharashtra show a good deal of
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 variation. The reason for this may be that although pricr

. to 1247 they constituted one single cndogamous group, several

L other groups, c.g. the Kunbis, started calling themselves as

l Marathas after 1947, for certain political reasons. Thereforg,

the present day Marathas arc a mixed group, and hznce show a

lot of variation. The shepherd caste of Phangers are divided
into several cndogamous groups, of which 10 have been included
in the present analysis. Of these 10 groups 5 were included
in one RHC (W-MC¥4), and 2 groups - Thcllari and Gadhari
formed two indepcndent RHC's (W-MC*6 and W-MC*8,
respectively) . By and large, however, there is a good deal

of variation among the middle caste groups of this zone.

6.2.11 Western Austrzloid tribes (W-AT) . There are

23 data scts of the Austreloid tribes of this zone, who

| grouped themsclves in 8 RHC's, Of the 7 samples of Bhils,

5 arc included in one RHC (W-AT*2) . while the remaining two
samplces group themselves with the Kolis in two distinct RiiC's
(W=AT*3 and W-AT*4) ., The Bhils occupy a largc geographical
area and have undergone considerable admixture with the ncigh-
bouring pecoples (Sarkar, 1954}, hence the heterogencity among
the Bhil samples. The fours populations included in W-AT*1

are all from Gujerat. In W-AT*2, together with the Bhils are
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L dncluded some pepulations, [ubla, Paura, Dhanka and Naika.
These groups are found chicfly in Gujarat and share their
habitat with the Bhils. The Korkus are found to the ezst of

the Bhilli tract - in the north-castern part of Maharashtra

sharing borders with southern Madhya Pradesh. They are the
only Austric speakers in Maharashtra, and the two samples of
Korkus fcrming a separate RHC (W=AT*5) is suggestive of their
distinct identity. The Katkaris and Warlies who form two
clusters (W=AT*7 and W-AT¥8) zrec isolated groups living in
the mountainous tracts of the Western Gnats. The Yeravas,

whn also form a distinct cluster (W—aT*8), are from Karnataka.

6.2.12 Cecntral Middle castes (C-MC) . A very good deal

of homogeneity was oObserved among the middle castes ¢f this
zone, The 26 data sets formed 4 RHC's, of which
one RuC (C=-MCk4) containg 22  sets. Of the 8 independent
samples of Rajputs, 6 were included in C-lC*4 while the
remaining two grouped themselves scparately (C-MC*2) . The
Rajputs, as has becen mentioned carlier, are a mixed group

and hence thev are not homogencous.

6.2,13 Central Lower Castes (C~LC) , Unlike the middle

castes, the lower castes of the central zonc exhibited a lot
of heterogcneity. The 8 samples formmed 3 RIiC's, The 3 gup-

"castes of Pasis = Gujar, Baurasi an?d Raj, clustered together
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(c-LC*1), while one sample (I=LC=-08) with a much lower A
gene frequency and a higher B gene frequency was included

in ancther RHC (C~-LC*3) .,

I

! 6.2,14 Himalavean Mongoloid Tribes (H=¢T) , The 13 data

FSets included in this subset formed 3 RHC's, of wnich one is

2 siagle point cluster. Interesting homogeneity was obscrved

" among the samples from this zonc. AlL the 5 Tibctan samples

' were included in the same cluster, (H«MT*2), which also

:inc3uded 3 Sherpa samples and the Dogpars of Nepal., Thce 2

| samples of Gurkhas clustered together with the Bhutanesc.
Whercas among the Gurkhas and Bhutanese the A, B and O genc
frequencies arc zbout 0.24, (.18 and 0.58, respectively, among

the Tibetaqs and Sherpas these are, respectively, about 0,13,

' 0.24 and 0.63,

6.3 Formation of supcrclusters

Since the RHC's were formed only within the two=way
wclassified geographical x soclio-~religicus subsets, in order
to find similaritics among the RHC's belonging to diffcrent
subsetsg, cluster analysis was performed, cnce again. The
combined ABO gene freguencics of the RHC's glven in Table 6.2
werce used for finding pairwise distancer among the RHC's,

Lgon an application of the methods describced -n scection 4,7,
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the 106 RHC's were clustered into 39 homogencous 'supcrclusters'
in terms of the RHC's. The composition and structurc of each
of the 39 superclusters are given in Table 6.3. 'it can bc
seen, from this table, that 17 of thec 39 superclusters contain
only one RHC, These supcrclusters, it is to be noted, are not
homogeneous either in respect of gecographical location or in
respect of socio~religious criteria, but they are internally
homogeneous in respect of ABO gene frequencics. This purely
étatistical finding needs to be carefully cxamined from
ethnical/anthropological viewpoint for an acceptable inter-
pretation.

The Upper Castes of the Central zone who are homow
geneous 1in respect of A,B,0 gene frequencies stand out separately
as a distinct supercluster (036). The Middle castes of this
(Central) =zone are also largely homogenccus. They are, however,
not similar to thc Upper castes of this zone, but show gimilari-
ties with the Muslims of the Northern and Eastern zones (CBQ)°
The Mongoloid tribes of this zone also stand out separately
as a distinct supercluster (Czl). The Upper and Middle castes
of the Northern zone, who are considerably homogeneous within
tﬁomselves, also show a great decal of similarity betwecn

themselves (C,.} . In the Eastern zonc also, the pattern is

38
5imilqr - most Upper and Middle castes groups cluster together

(C34). The Lower castes of this zone, who are not very
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homogeneous within themselves ceither form separate supcr-
clusters (C8, C37) cr cluster with some Mongoloid tribal
groups ©of tnis zonec (Clg). The Mongoloid tribal groups of

this zone arec also cguite heterogeneous, they form several

independent superclusters also (Cy, C,, Clo). The australoid

tribals of this zonc are guitz homogencous and form almost

E

a separatc supercluster along with 2 Australoid tribal popu-
lation groups of the Western zone (C33). The . Upper castes

of the Southern zone cluster with some Middle caste population
groups of this zonc (C26), but most Middle castec population
groups of this zone fall in a different Supercluster (C22)
along with the Muslims. Most Caucasoid tribes of the Southern
zone show similaritics with the Upper and Middle castes of tho
Northern zone (638). In the Westcern zone, while some Upper
caste population groups cluster with the Upper castes of the
Eastecrn zonc (C34), most Upper castc daté scts from this zone
form an independent supcercluster (CZO), Most Middle castes

of this =zone also group themselves as a separate cluster (628).
Many of the Australoid tribal population groups from this zone
also cluster with some Upper caste population groups of this

zone (C.,). The two Middle caste population groups of the

34
Himalayan zone group themsclves as a scparate supercluster

(Cyq

.

). Some ¢f the Himalayan Mongoloid tribal population
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groups stand out separately as a supcrcluster (C,.), while

21k
some: others group thorsclves with some caste and tribal

)

population grouwms of different zones (C22

A final application of the cluster~anslysis technique
yicld&fthc dendrogram depicting the similaritices ameng the

superclusters presented in Figure 6,1,

3ince the superclustcers arce homogencous in terms of
?heir constituent RHC's, it was of natural intcrest to investi-
gate whether they are also homogencous in terms of the original
' data scte. For this, therefore, a chi-square test of homogeneity
Wwas performed for cach supcrcluster in terms of the ABO genc

frequcncics of the data sets contained therein. This aznalysis

revealed that all but 3 supcrclusters are indeced homogeneous
even in terms of the population groups. This can of course

' happen becausc of the uncertainties of statistical inference,

Using cluster=-analytic procedures, the 3 superclusters
€50 C3g @99 Cggs

respect to the original data sets, were, once again, kroken

which turned out to be heterogeneous with

up into 6 homogeneous clusters. The supcrcluster C was

25

N {E-—CH-M} and C =

decomposed into two clusters :
: 25,2

S, 1

C - C . Similarlvy, cach of the romaining two super=
25 25,1 ;
] ! 3 = = l B¢ b 5 z ;
clusters C38 and 039 were alsco decomposced as
Cyg,1 = {N-UC-0L, N-MC-26, $=CT-01 Cig,2 = {c38 Cag, 1]
and
: Ca9,1 = {W=BC=03}, Cyg 5 = {Cyg = Cyq,1}-
|
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Table 6.1 New identificeation codes for 405 data sets

A

enti- new 7 Ldenti- new mmr_:fcwientiw ne{v %
cation identi- fication identi- fication didenti-
B in fication | no. in fication tno. in fication
pendix no. Appendix no. A_;;.wpc—l:nd ix no.
1.1) 2008 (1.2) (2.2) (e (2.3)
9005 M-UC~-01 C9013 N~-UC=02 19027 1§-UC=-03
19051 N-UC~-04 19069 H=UC~05 1902 ¢ WU C=06
190C2 N=14C=-01 19018 N~-idC=02 19020 N-1C-03
19044 N~-MC=04 19045 N=-rMC-05 19049 N-[1C~06
1905¢C N=-MC-07 19056 N~MC-08 19059 H=MC=-09
19060 N=MC~10 19061 N-MC-11 15062 Ne=pC=12
63 N~MC=13 19064 N=}MC-14 19065 H=MC=15
19066 N-MC-16 19063 H=3C-17 19071 N =MC~18
19072 N~MC=19 19073 N i Cm=2 0 19074 N-=pC=2 1
19075 N=MC=-22 19082 N-l1C~2 3 19091 N-MC=24
19092 . H-MC-25 | 20001 N~}MC-26 20004 NeMC=2 7
20010  N-MC-28 19023 NeMC=29 19035 N-MC-30
20008  N-MC~31 | 19054  N-MC=32 19093  N-MC-33
19028 N-=MC=34 C9C04 N-MU=-01 17001 e MU=~02
17004 N-MU~03 17006 N-NMU~04 17007 N=MU=05
19004 N=pU-06 19007 NeiiU=-07 24013 N-AT-01
24086 N A T~02 24089 N-zT=-03 03021 E-UC-01
04003 E-UC-02 04016 E-UC-03 04046 E-UC~04
04055 - E=UC-05 0206C E-UC-06 0a070C E-UC=07
18023 E-UC-08 18032 £ ~UC=09 03020 E-MC=01
04004 E=iC=02 04015 E-14C=03 04034 E-}C=04
04053 E-MC=05 04059 E=1iC~06 04068 £ =MC=07
04069 E=MC~0g 06043 E-1iC-09 18022 E-MC-10
18029 E-MC=11 18034 E=-MC-12 |~ 18047 EwMCw13
18033 E-11C~14 3019 E=C~15 04024 B-MC=16
04006 . E=LC-Cl 04018 E-LC~02 04036 E=LC~03
04049 ©-LC-04 C4065 B-LC—-05 04066 EwL =06

o+ e CONE,
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(1.1) (2.1) i1.2) _ (2.2) (1.3) 5.3

04072 E=LC-~07 04073 E~1LC~08 18050  E-LC-0S
04047 E.LC-10 04048 B.LC-11 04067  E-LC-12
04063 E-LC-13 04039 E-LC-16 04571  E-LC-15
©3022 3-LC~16 03023 S U=~01 03024  E~MU-02
04002 E-MU-C3 04608 L MU=-C4 04017  “=MU-05
04038 E-MU~06 04040 E-MU~07 04044 E-1MUu-08
04045 E=-MU-09 04054 E-pMU-10 06035  £-MU=-11
18017 E-}iifm]12 04019 E-CH=-01 64031  E=-CH-02
07005 EeCH-03 1801¢9 E~CH=-04 06036  E-CH=-05
04062 Ewz1=-01 04064 L T-02 06003  E-AT-03
06008 B2 T-04 C6013 E-AT-05 06027  L-AT-06
06028 L pT=07 06037 L AT-08 06039  E=AT-09
06040 E-pT-10 06042 E~AT-11 06044  E=AT-12
18005 BepiT-13 13C0s Bepr-14 18010  E-AT=15
18011 B-zT-16 18012 BepT-17 18013 E-aAT-18
18014 E-AT~-19 18015 E=-AT=20 18016  E-AT=-21
18024 E=AT=22 18026 E-AT-23 18035  E=-AT=24
18036 E-AT-275 18038 E-AT-26 18039  E=AT-27
18042 B-AT=-28 05031 E-AT=-"9 06038  E=AT~30
04075 E-AT-31 18002 B-aT=-32 06002 E=ATw~33
18037 E-AT=-34 06012 E-AT=35 06030  E=-AT-36
18025 -AT-37 06032 E-AT-38 06009  E-AT=39
03004 E-MT-01 03012 E-MT-02 230058  E-MT-03
2 3006 E-MT=04 23007 E-mT-05 03015 E-MT=06
03017 E=MT =07 03018 E-MT=-08 16011  E=MT-09
16012 E-MT=10 03007 EepMT=11 16002 E-MT=12
16010 E-MT-13 01001 E-MT=14 01007  E-MT=15

.+ sCcONtd.
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1

(1.1) (2Lt W12 (2.2) (1.3) (2.3)

01011 E=MT=16 030C8 E=MT=17 03010 B=MT-18
03011 E=MT=19 23004 E-MT'=20 03006 - E=MT=21
03009 E-MT=22 03014 E-MT~23 3016 E=MT=24
03026 E-MT-25 16008 E-MT=26 16C01 EwMT=27
16003 E-MT-28 04074 E-MT=29 03005 B=l{~=30
01010 E-MT-31 01005 E-13T=-01 22011 S=UZ=-C1
22C17 S=11C=02 22049 S=UC-C3 02028 S=MC=01
02032 S=MC=02 02033 -24C=-03 22010 S=MC=04
22034 S=MC=-05 22036 S=1C=-06 22038 S=MC-07
22039 S-MC=~08 - | 02035 S=MC=C9 11046 S=MC=1C
22037 S-MC=11 11006 Sw=MC=-12 22035 S=MC=13
11002 S=MC=14 02 007 S~MU-01 02031 S=pMU 02
22051 GwMU=03 22016 S=-MU=04 11004 S=CH-C1
11049 5=CH=-02 02008 S-CH=-03 22018 S=CH=-04
02023 Smp'=01 02044 S=AT=02 11023 S=aT=03
12112, S=-AT=04 02005 S=AT=05 02013 S=LT=-06
02016 S=AT=07 02017 S=pT=08 2042 S=AT=02
11025 S=AT=10 12001 SmiT=-11 11cl6 S=AT=12
11017 S=AT=12 11022 Sw=iT~14 0208 S=AT=15
02019 S=AT=16 02043 S=AT=-17 11029 S=pT=18
02020 S=pAT=19 11044 S=AT=20 02038 S=AT=21
11012 S=AT=22 11028 S=AT=23 11036 S=AT=24
11015 S=AT=25 02010 5=-CT=01 02011 S=CT=-02
22001 S=CT=03 02012 *S=CT~04 22063 S=CT=-05
08039 W=UC~01 08007 W=-UC=-02 10007 W-UC=03
10009 W=UC=04 14007 W=UC=05% 14066 W=UC=06
10005 W~UC=07 14008 W-UC-08 1410F W=-UC=09

.« -ccontd.
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(1.1 (2.1} (1.2) {2..) (1.3) (2.3)

14106  W=UC-10 14006 We-UC=11 14021 W=UC-12
14131  W-UC-13 14107 W-TUC-14 14132 W-UC~15
14064  W~UC-16 10008 W=UC-17 08015 Vi-UC=18
10004  W=UC-19 ca025 WU C=20 10007 W-UC-21
08006  W=-MC-0O1 08040 WeMC=02 03026 We=MC=03
oiciaxy) WM C=O4 14004 W-MC=~05 14108 W=MC~06
14111 W-MC-O7 07009 WesC = OB c3022 W MC= 0%
14001 W=MC=-10 14003 VieMC-11 14005 WeliCm 12
124109  W=pMC-13 07003 W-MC=14 07008 We=MC=-15
07010 W-MC-16 C8004 HaMC=17 | 08011 W apiC-18
08012  W=MC~19 08016 W= C=2 0 14009 W-MC=-21
14010 W=MC=22 14070 W=MC=-23 14071 WeMC=2 4
14072  W-MC-25 14077 WepC=2 6 14113 W=11C=27
14116  W-MC-28 14118 W=MC-2G 14119 - W=MC~30
14128 W=-MC -31 1413C W~MC=32 0R042 WeliC=33
14123 W=MC=-34 080338 W=MC=~35 14110 W=MC=36
. 08017 W=LC-01 08023 W=-LC=02 10010 W=LC=03
14011  W=-LC-04 14069 W=LC=C5 14076 W=LC=06
14081  W~LC=07 1412% W=LC~-C8 0800% W-MU=-01
08010  W-MU-0O2 14082 WePA=01 14091 W=PA=02
14098  WrPA-03 08003 W=AT=0C1 08033 W=2T=-C2
08036  W-AT-03 14100 W=AT-04 08019 W=AT=05
08020  W=AT~06 3021 We AT =07 08027 We=AT=08
08030  W=-AT-09 08032 W=AT=1C 08035 W-AT=-11
14101  W=AT=-12 14104 W=AT=-13 14135 WeAT-14
08034  W-AT-~15 14102 W=2T7=16 08031 W=~ET=17
14094  W-AT=-18 14093 W=AT=19 14099 WemAD=20
—

. . sCONtd,
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(1 519 (2.1 (1.2) (2.2} (153 (2.3)

10002 W-AT-21 14137 W=AT-22 14103 V=2 T2 3
12028  C-UC-01 15042 C-UC-C2 24020 S=lE=6g
24021  C-UC-04 24036 C-UC-05 24049 ELC=00
24065  C-UC=07 24080 C~UC-08 24053 C~1iC=01
e v EEMU=Ch 24064 CmMCm03 24055 C=1C=04
13044  C=MC-05 24005 CmMC=C6 24006 C=MC=07
24019  C-MC-C8 24022 C-HC=09 24032 C=MC~10
24035  C=MC-11 24040 C-MC-12 24047 CmC=13
24G/8  C=iC=14 24056 C-MC=15 24057 C-1C-16
24071  C-McC=17 24072 Ce1iC-18 24673 meiC=19
24074  C-MC=20 24075 C-MC-21 24076 C=MC~22
24077  C=MC=23 24078 C-11C-24 24079 C=MC=25
24085  C-MC=26 24081 C-LC-01 24082 C-LC~02
24083  C=LC=03 13039 C-LC~04 24007 C-LC=05
24009  C-LC-06 13022 C-LC=07 24050 EHLE~03
13040  C-MU-01 24004 C-MU=-02 24014 C-MU-03
24015  C-MU~-04 13002 C-AT=01 13003 C-AT=C2
13006  C=~AT=03 13010 C-AT-04 13011 C~AT=05
13015  C~AT=06 13017 C-AT-07 13019 C-AT-08
13021  C=AT-09 13033 C=AT-1C 24011 C=MT=01
24028  C=MT~02 21052 C=1T=03 24053 CmMT=04
24054  C-MT-05 24062 C-}T=06 24063 CmidT =07
05011  H-MC-01 05024 H-=MC=02 05005 H~MT=01
05007  H-MT-02 05023 H-MT-03 C5006 H=MT-04
05008  H=-MT-0% 05012 H-MT=~06 05015 HeliT=07
05016  H-MT-08 05018 H~=MT =009 05020 HeML=~10
05028  H-MT-11 05030 HeMT=12 0502 Hel{T=13
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Takle 6.2 Composition and combined ABC gene frequenciles
of Raticnal Homogencous Clusters

desig- no. of population sample combined estimate..
nation nonula- groups sinme of gene fregucncics
of RIHC Zion included i
groups P d -
in@luded -
&%) (3) (4) (5) (6) %N am
N=UC* 1 5 N~UCw1 1338 0.17¢6 0,277 0.547
to
N-UC=5
N-UC*2 i N=-UC=6 110 0.2905 0.282 0.423
N=-MC* 1 28 N-MC-1 12185 0,174 0.277 0.549
to
N=-MC-28
N-MC*2 2 N-MC-29 449 G294 B©,248 _1@mhH5
and
N-MC=30
. N~MC*3 il N=MC=31 128 0.120 ©0.17¢ 0.710
N~MC* 4 i I=-MC-32 185 0,280 0.31a 0,406
N=}.CK 5 il N- C=33 105 0.208 ©.190 0,602
N-MC*6 L N=pMC-34 112 0.14C 0,234 0,626
N~-MU ] N-MU=-1 3537 0.195 0.241 0,564
to
N-MU -7
N-AT 3 N-2T-1 442 Ois2l52t wOn2 86 1NesE12
Lo
N"']—\T_3
E-UC 9 E-UC-1 2193  0.173 0.223 0,604
to
E-UC-9
E-MC¥*1 13 E-MC-1 2797 0,172 0,240 0.5&8
to
E-MC-13

E-MC*2 1 E-MC=14 200 0,201 0.164 0,634

e s CONTd.
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Table (6.2) contd.
(1) {2) (37 (4) {(8s) (&) (7) (8)
14 E~MC* 3 E-pmC-15 145 0,145 0,158 Q,8697
15 E-MC* 4 E-MC=-16 124 0,307 0,236 0.457
16  E-LC*1 E-LC-1 1922 0.198 0.252 0,550
to
E~LC=-9
17 E=LC*2 3 5-LC=-10 733 0.226 0,309 0,465
to
E~LC-12
18 E-LC*3 i E-LC=13 422 0.214 0,197 ©.58%
15 E-LC*4 1 E-LC=-14 133 0.1483 0.364 0.487
20 E-1LC*5 1 E-LC=-15 122 0.098 0,430 0,472
21 B-LOKG i E~LC-16 161 0,C81 0,278 0.640
522 L -MU 12 E~MU=]1 3957 ©.187 0.247 0.566
: to
E-1U-~-12
23 E-CH*1 4 E~CH=-1 867 0.212 0.157 0,631
i tO
E-CH=-4
24 E=CE*2 1 E-Ci-5 153 0,184 ©,277 0,539
25 C=-AT*1 28 T-AT-1 5922 0,208 0,267 0,525
. -to
E_AZ‘AT—ZS
26 E~AT#2 ] E-AT=-29 855 0.295 0,273 0,432
and
E-AT=30
27 BE-AT*3 2 LE-AT=-31 230 0.170 C.346 0,484
and
i E-AT=32
28 E=aT*4 2 E-4T-33 435 C.181 0,177 0,643
and
E-AT=34
20 E-AT* 5 it E«AT-35 114 G.275 0.322 0,403
30 E=AT*6 1 E-AT=36 111 0,223 0.125 0,652

.

contd.
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(1) {(2) (33 {4) (%) {&) (7) (8)
11  E-AT*7 1 LwAT=37 168 0.101 0.294 0.605
13 E-AT*S 1 E-AT-38 206 0,373 0,231 0,396
33 E=AT*9 i E~AT-30 155 0,094 0.225 0,681
3% E-MT*1 5 E-MT-1 1143 0.222 0.317 O.461
to
E-MT~5
j5  E-MT#2 5 E-MT-6 1388 0,173 0.098 0.729
to
E=MT=10
J&  E-MT*3 3 E-MT-11 465 0,316 0.140 0,544
to
EwMT~13
37 T=MT*4 3 E-MT-14 660 0.029 0,056 0,915
to
] E-MT-16
13 EeMT*5 4 E—lT=17 1304 0,284 ©.217 0.499
to
; E~MT-20
39 E~MT* 6 6 E—MT~21 2123 0.229 0.157 0.6l4
O
E~iiT=26
40 E=MT*7 2 E~}iT=27 292 0.246 0.077 0.677
to
E-l1T-28
11 E-MT*8 1 E=MT=29 200 0.164 0.182 0.654
12 E—MT* 0 1 E-MT-30 191 0.346 0,246 0,408
13 E=MT*10 1 E-MT=31 113 0,073 0,207 0,720
16 E-NT 1 E-NT~1 122 0,123 ©.261 0,615
25 S-UC 3 S-Uc—-1 415 0,137 0,193 0,670
to
S=UC=3
26 S-MC* 1 g S=MC-1 1799 0.137 0.229 0,634
s to
S=1iC~8

contd.
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(1)

47

48

&9

51
52

53
54
35

59

(2) {4) (5) { 6) (7) (8)
S=MCk2 S=MC=9 842 0.158 0,170 ©.674
to
S=-MC~11
S=MC* 3 S=-MC-12 262 0,217 0.154 0,629
and
S=MC=13
S=MC* 4 S=MC-14 132 0,160 0,089 0,750
S=MU*1 S-MU=1 1326 0,144 0,235 0.621
to
S=MU=3
S-MU*2 S=MU=4 161 0,129 0,122 0.748
S=CH* 1 S=CH=1 272 0,207 0,216 0,578
and
S~CH=2 :
S=CH*2" S=CH=3 324 0.137 0,181 0,682
S=CH* 3 S=CH=4 131 0.131 0,258 0,611
S=AT* 1 Se=AT=1 665 0.193 0,292 0,515
to
S=AT=4
S=AT*2 S=l, D=5 1841 0,223 0,191 0,586
to
S=AT=11
S=AT*3 S«=AT=132 678 0,415 0,081 0,503
to
S=AT=14
S=AT*4 S=AT=15 593 0,276 0,235 0,489
to
S=AT=-18
SeAT* 5 S=AT=19 334 0,108 0.167 ©C.726
' and
) S=AT=20
S=AT*6 EuAT=21 200 0.070 0,229 0,701
S=AT*7 S=AT=22 107 0,158 0,163 0,679
S=AT*8 S T=2 3 140 0,322 0,266 0,412

LY

Y

. cscontd,
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eble (6.2) contd,

(2) (3) (4) {5) (&) (7 (EQ__
S=AT*Y 1 S T=2 4 166 c,l29 0,240 0.631
S=AT*10 1 SwpAT=25 167 0.118 0.068 0.814
SeCT ] 3 SeCT=1 £55 0,160 0.282 0.349

to
S=CT~3
S=CT*2 S=CT=4 203 0,182 0,182 0,635
S=CT*3 S=CT~5 543 0.011 0,236 0.753
W-UCk1 W~UC~=1 1815 0,184 0.221 0,595
to
W=UC=7
W=UC*2 10 W=UC~8 16833 0.180 0.144 0,676
3=
(e}
W=UC=~17
W-UC*3 3 W--UC=18 756 0,218 0,178 0,604
to
W-UC=20
W=UC* 4 1 W-UC~-21 268 0.256. 0,203 0,541
W-MC* 1 WeMC=1 268 0.l44 0,306 0,550
~nd
W-‘i 1C"“"2
W=MC*2 5 W-HMC-3 941 0,138 0,235 0.,62¢€
1)
WeiiC7
WepMCH 3 6 W pIC =8 145C 0.213 0.138 0,648
to
W-MC—-13
W=MC* 4 19 WeMC-14 4164 0.228 ©.216 0.556
to
W=rMC=32
W-MC* 5 ik W=MC=33 134 0,068 ©,276 0,655
W-MC* 6 1 W-MC=34 109 0,235 0,318 0,447
W =MC* 7 il W-MC=35 200 0,084 0,208 0.708
W-MC¥8 il W=MC=36 108 0,107 ©.,374

C.51%9

.. .contd,
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(1) (2 {3} {4) (s5) (&) (7) (8)
80 W=LC* 1 7, W-LC=1 1406 c.186 0.259 0,535
E toO

e LCw'?
81 WeL %2 1 W-LC-8 106 0.1L52 GC.290 0.560
) W=MU 2 WeMU~1 220 @12 10,210 10 08
and
W-MU—-2
W-Pa 3 W~Pa-1 2658 0,177 0,219 0©.804
to
W=PA—~3
WepT* 1 4 W-AT=1 712 0.268 0,151 0,581
to
W~ AT =4
We=AT*2 10 W=AT=5 1865 0,188 0,212 0.600
+0o
W—=AT=14
WepAT* 3 2 W=AT=15 285 0,221 C,251 0,528
and
W=pT=16
WeAT* 4 2 Wep'=17 286 0,132 0©.,203 0,665
and
W=AT-18
W=AT* 5 £ W—AT=19 2T 0.286 0,257 0.457
and
W-AT=20
Waz T 6 1 W-2T=-21 117 0.439 0,114 0,448
W=AT*7 il W=AT=22 1C9 0,181 0,315 0,504
Wep T8 1 Wl T=2 3 123 0,121 0,267 0.613
Cc-uUc 8 C-UCc-1 1186 0,210 0,238 0,552
+0
C=~UC=-8
C=MC* 1 i} C-MC=1 200 ©.108 0,336 0,556
C-MC*2 2 C=MC=2 285 0,297 0,230 0,473
and
C=MC~3

LA contd‘
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{a)

{ 6)

C-MC* 3
C-MC* 4

C--LC* 1
C=LC*2

C=LC*3

C-MT
H=}C
HeMT* 1
H~MT*2

H=~MT*3

10

C-piC4

CmMC=5
to
C—1C~2 €
C~LC-1
to
C~LC=3

C~-LC—4
to
C=LC—~6

C=-1,.C=7
and
C=-LC-8
C-MU~1
to
C~MU~4

C-AT-1
tC
C=AT=-10
CuMTe ]
e
C~-MU-=7
H=MC=-=]
and
H-MC=2
H-MT-1
to
H=MT—=3
HeMT =
to
H-MT-12

H—M1=13

421

538

SIS

1208

3213

1674

250

Cl156
C.183

0.272

0,308

©.243

0.145

0.338

@259

C.222

C.185

0.236

e I

G.587

0.520
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Composition of superclusters

super- no. of RHC's no. of popula-
cluster included tion groups gupercluster structure
no. included
(1} (2} {3) ( 4)
cq 1 3 E~MT*4
. —
C2 aE i S5=CT* 3
C, 3 5 ({H=MT*3, W-2T*6 3§ 2,74),
S=AT*3 ; 3,48)
c, hi 2 E=MT*7
Ce 1 il S=AT*10
G 7y 6 (E-MT*2, S~-MCT*4 . 1.44)
C, i) iR S~=MU*2
Cq b L E~LC*5
Cy 4 4 (((E-MT¥10, W=MC*7 3§ 1.20),
5=AT*g ¢ 1,53), E=AT*9
1.,70)
S MT*
o L 3 E-MT* 3
Ciq 2 2 (W=MC*8, C-MC*1 4 2,33)
1o 1 4 W-=AT* 1
Ci3 1 % H=-MC
cl, 2 7 (E~LC*6, W~MC*s5 & 1,48)
- AT
Cie 1 1 E=-AT*7
@ . 2 2 (E-AT*5, N=MC*4 & 0,51)
Ciq 10 24 (({(B=aT*2, N-UC*2 +: 0,63),

((((M=-MC*2, W-aT*5 3 C,63),
C-LC*1 ¢ 0,98), (E=MC*4,
c-MC¥2 4 0,92) : '0,98),
(B=MT*5, S~aT*4 & 1,24) 3
1.33)% 1.43), N-AT 4 1,63)

s .Contd.
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dbie (6.3) contds

R () {3) (4)
he 3 3 ({E=MT¥%9, S=AT*& ; 1.65), E-AT*8 1 1.65)
}B 3 9 ((E-LC*2, E~MT*1 ; 0,51, W-MC*& : 0.58)
We- ik
- 1 10 Uc*2
1 L C—-MT
9 30 (({({H~1T*2, S~MU

S=aT*9 4 0,77),

il %
s 0,40), S-MCsl 3 0,44
0), S~-CH*3 : 0,68) & 1.27)

0,00, (H-MCE, W-MC*2:0,18)
y ) :
*
({(W—-aT*g, E=-NT ¢ 0,40),

4 6 ({(c-LC¥3, C-MC¥3 & 1.31), E=AT*3 i 1,32),
E-LC*4 ¢ 1.4F)

2 3 (N-}MC*3, S=-AT*5 3 1.16)

6 20 ((((E-CH*1, S=-MC*3 : 0.40), E=-MC*2 ¢ 0.87),
E-MT*G 5 0,94), (E~AT*6, W-MC*¥3 3 1,20) : & Ja2

9 15 ({(E-AT¥4, S~CT+2 : 0.,40), (((S=AT¥7, S-MC*2 : 0,54},
E=-MC*3 3 1,20), E=MT*8 1 ? L28) v 1,29,
((W=AT* 4, S—UC*l v 0,77), S=CH*2 s 0.90) & 1.57)
1 il W=UC* 4
1 19 W~MC* 4
2 3 (W-LC*2, W-MC*L 3 1.02;
3 7 ((W=aAT*7, W=My 3 0,81), S-2T%1 3 1.23)
1 3 Fi=MT#* 1
4 12 (({g~LC¥3, S-AT*2 3 0.868), ¥-MC<5 1 0,77),
W-Uc*3 & 1,01)
2 3C {(E-AT*1, W-AT*3 % 1,17)
7 49 (((C-LCc*2, C-MU 3 0.31), E-MC*1 8) ({ (W-Da,

E-UC 4 0.36), W=UC*l 3§ 0.60), W-AiT 2 : 0.65))

.. scntd,
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able (6.3) contd,

(2} (3) (4)

2 12 {(S=~CH*1, C=AT =+ 0,54)

T 8 C=UC

1 9 E-LC*1

4 37 (((N-UC¥1l, N-MC*1 3 0.,18), S-CT*1 : 0.44),

E-CH*2 ¢ 0,63)

a 48 ((W-LC*1, C=MC*4 ¢ 0,40), (N-MU, E-MU @ 0,68)
: 0.81)
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CHAEAPTER
VII

rd ANALYSTIS OF VARTIATION Of ABO GENE
FREQUENCIES IN TERMS OF MICRO-
GECGRAPHICAL VARIATION WITHIN ZONES

a8 have been seen in the preceding chapters, although
most sceio-religicus categories were gignificantly hetero-
geneous in respect of ABCO gene freguencies, a cross—-classi=
fication of £be‘data sets belonging to a sccio-religious
category by geographical zones helped in explaining a good
doar of heterogeneity. Allowance made for macro=geographical
variation thus resulted in significant reductions in the
variations of ABC genec frequenciles within socio=religious
categories. Compared to the entire sub-~continent, the geo-
graphiical zones, however, apart from being relatively more
uniform spatiall&, are also ecologically guite homogeneous,
The reduction in heterogeneity of ABO gene freguencies within
socio-religious categories upon a cross—classification by
geographical zones, thercfore, not only represents the effect
of spatial variation at a macro level, but also the effects
of macro-ecological wvariation. There is, however, a large
amount of spatial variation even within a geographical zone.

It i3, therefore, of intcrest to examine whe: her a consideratior
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of the micro=geographical variation within a zone further helps
in rgducing the heterogeneity of ABGC gene frequenciesL In order
to study micro=geographical variation, the latitudes and longi-
tudes of locations of sampling of the data scets have been
considered.

Although the 7 socio=religious categories which are
distributed in more than one geographical zone comprised a
total of 396 data sets (see table 5.4), for this analysis only
252 data sets have been used zince the exact location of sampling
were not available for the remaining data setsz The conclusions
of this analysis should, therefore, be accepted as tentative.
The latitudes and longitudes of the locations of sampling for
the 252 data sets included in the present analysis were obtzined

from Bartholomew (1959), and have been presented in Table 7.1,

Within an anthropological category, let nij' o)

Tij ans tij denote the sar—le size, the A and B gene Ifreguencies
and the latitude and longitude of the location of sampling,

ijl qul

respectively, for the j=-th data set belonging to the i-th
geographical zone (1 = 1,2,...,k, J = 1,2,...,ni}. Since

the purpose of this analysis is to detemmine whether a consi-
deration of the latitude and longitude of the location of
sampling within a géographical zone results in a significant
reduction of the variation in gene frequencies, we have tried to

fit a model of the type.
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Pi; = Dby + 6pT.T.. + 6p «t.., and

(l = 152; ""’k F

j = 1'2;.o¢’ni).

Methods of csztimation and tosting the significance of the

parameters of the model given above have been presented in

section 4,8, The error sum of squares, QB’ corresponding to

this model is:

s - {” A % # )2
E = i‘j P33 1%y ‘Piy TPy pretiy T Oper i
1
A e A
l: Siy 21313 (pij - pi = 6pTaliJ | 6pt‘tlj) .
) Sl ") oy o 2
Cagj = a3 - b ij 7 Oqeetiy)
. ~ . _ ~ Z
+ 0y (qlJ q 5qT. i 6qt.t.j) ], (7.1)
: . T T
where Aa (pij'qij) = ny g _ , thoe information
matrix computed at (pij’qij)' Under the model, Q, follows
asymptotically a chi-square distribution with 2(2 ni)-2k-4 dwEs

i
In order tc¢ understand the amount of reduction brought about

by the addition: of extra variables {(latitude and longitude)
Yy
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to explain tne variaticn in gene freguoncies, we have also
compyfed the error sums of SGUAres nder the following two

models (which have been considered in ecarlicer chapters) .

(1) p,; =r and — ¢ ; that is, the gcne freguincles

qij
of all data scts within a socio-roliglious cateqgory are equal,
(2) p;y =p; and gy = d; ¥ that is, gene freguencies
J L
of all data scts within a geographical x socio~religious subsct

arc all equal, (i = 1,2,...0ks J = 1,2,..(,ni).

The corresponding error Sums of squares arce:d

— 2 — -~
= I & R o4 0 = =+ o ToLo T O e =
0y E 3 ny | [ i (p_J P} 2i3lJ (le p)(qlJ a)
+ M. gy -&}2} (7.2)
g e S
and
= T2 . - ) I
Qy = i? Has {“ij (py. = py)" + 2By Py o) lagy = ay)
- 21
- ey ) (
T ( g5 = 3 Je 7.3)
where E, a, ii and éi are as given by cguations (2.3,12) and

(4.8.13) of section 4.8 of chrapter IV, Under the resnective
models, ) and . follow asymptotically chi-square distributions
with 2 (£ ny)) -2 and 2 (2 n;) = 2k degrees of freedom,

i o
respectively, Within a socio-religious CatcgoOry, the reduction

A

from Ql to Q2 indicates the amount of raguction in the error
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sum of sguares brought about by cross-—-classifying the date

seﬁg into geographical zonecs under the assumptlion that within
¢ach such cross-classified subset the genc frequuncics are
constant, cover that ohtalrned by assuning that the goene Ifreguen-
gies of the data ss=ts within Tthe coclo-religious category are
éil same . 1he Dedueticon fron: Q2 0 Q3 incdicotes, similarly,

the extent te which the error sum of scguarcs gets veduced once

l

d> Ffor the variation 1n latitude and

<

f
o
i
£l
c
-

a further oalliowarx

longituds within a geographical zonc.

In Table 7.2 the valuzs of Ql, Q2 and Q3 and the

bercentage roductions ( from Q, to Q, and from Q, to QS) in

il
the error sum of sguares have ncen presented for cach of the

. 7 socioc~rcligious categeries under considerztion. This analysis
lrevealed that at the 5% levcl, the §-values are significant

for all soclio=-religious ¢! iegoriecs except the Unper castes.

This means thal, in general, th. consideration of micro-

sion within zones las usceful in a further

!
Igeographlcal vairio:
reduction of ths variztion in gene freguoncices. Upon a closcr

look at Takle 7.2, it is however, scen that although ¢ large

e

.amount of reduction was brought about in the error sum of

|
.i

et

guarcs when allowance was made for macro-geographical ( zonal)

U.\

‘veristion, the corresponding reduction was much smaller when

o rurther allowence was made for micro-geographical variatcion
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within zones. With the exteption of the :mzlims, Christians
AngloFIndians and Mongoloid tribes, the percentage reductions
from Q2 to Q3 were rather small for all the remaining soclo-
religious catcgories. Morcover, it is to e noted that the
nunters of data scts of #Muslims and Christians/Anglo-Indians
included in the present analysis were rather swall. Among the
Upper castes, the amount of variation exiscing after making an
allowance for macro—geographical variation (Qz) was insignificant,
while for nll tho othor socio-religious categories, the amount

of heterogencity existing even after making allowance for micro-

geographical variation within zones (Q3) was significant.
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Table 7.1 Latitudes and longitudes of locations of sampling
of data sets within socio=~religious x geographical

subsets..
o n ..
?gg?zzgo geog;iEZical i%%ﬁgﬂ égigzéf;o. Latitude Longitude
category gﬁgg;i— ?gsdiga set deg.min deg.min
zone Appendix 1) . |
L R S L W e . N I M TN ) N
Upper Northern 1 09013 33.44 1 S 1L
CastE 2 10024 31,60 77.06
3 19027 32,33 76,10
4 15051 28,40 77.14
5 19069 28,40 77.14
Eastern i 03021 26,20 21.02
2 04003 22,29 88.11
3 04016 22.35 83.21
4 04046 22.52 88.21
5 04060 22 .29 88,11
6 04070 22,35 83,12
Southcrn 1 22011 13.05 80.18
22017 13.05 80.18
3 22049 11,59 79 .50
Western 1 0go25 18,56 72,51
2 14006 18,56 72 .51
3 14G07 18.56 72.51
4 14008 18.56 72 .51
5 14107 18,56 72.51
6 e TS 18,34 73.58
7 14132 18,34 73.58

e = e M e P S e e e e\t
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Table (7.1) contd,
(1) (2) {3) (4) (5) )

Central 1 13028 23,11 75.47
2 13042 23.01 TH.12
3 24020 26,45 83.23
' 4 24021 26,50 £0.54
5 24036 29 .36 79 .40
& 24065 30,37 73,19
7 24080 28.40 77.14

Total no. of data sets 28
Middle Nortiaern 1 15002 30,54 76,57
prasie 2 19018 23,40 77.14
3 12020 31.12 77 .24
4 18023 31.60 77.006
5 19028 32.33 76.10
& 19044 28,40 77 .14
7 16045 28 .40 77 .14
8 19049 28,40 77.14
9 19050 28,40 77.14
10 19054 32.20 78,01
11 19056 31.07 77 .09
12 19066 32 .04 T5.29
13 192063 28,40 T7.14
14 19071 28 .40 77 .14
15 19072 28.40 77.14
16 19073 28,40 77.14
17 192074 28,40 77 .14
18 19075 28 .40 77.14
19 18091 23.40 77.14
20 12092 28,40 77.14
21 28,40 77.14

19093



http://www.cvisiontech.com

Table {7.1) contd.

201

(1) (2) (3) (4) o s) (S p 1
Eastern 1 03019 26,20 91.02
2 03020 26,20 91,02
3 04004 22,29 88,11
4 04015 22 .35 88.21
5 04024 23.42 90.22
6 04034 22 .11 88,12
7 04068 22 .35 88.12
8 04069 22 .35 88,12
9 06043 26,10 85,54
10 18047 18.48 B2 .41
Southorn 1 02028 17.22 78,26
2 02032 17 .22 78.26
3 02033 17 .22 78.26
4 02035 17,22 78.26
5 11006 13.05 8C.18
6 22010 13,05 80,18
Western il 07010 15.31 73.52
2 08004 22 .30 69,20
3 08006 22 .30 69 .20
4 08011 21.49 73.36
5 08022 18,56 72 .51
8] 14001 18,56 72 .51
7 14002 18.26 73.21
g 14C10 18,56 72,51
S 1407C 18.54 72 .49
10 17,00 73,20

14071
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(1) (2) (3) (4) (5) (6)

Western 11 14072 18.56 72 .51
12 14108 20,30 75 .40

13 14109 17.35 73.30

14 14110 20,00 75,02

15 14111 20,10 75.02

16 14118 21,02 79.37

17 14119 17,00 74.35

18 14123 21,00 74.50

19 14128 18,40 74,00

20 14130 18,34 73.58

Central il 13044 23.31 75,48
2 24029 30,28 78,06

3 24032 30,19 78.03

4 24035 29,36 79,40

5 24040 30.28 78,06

6 24055 26,50 80,54

i 24056 26,50 80,54

8 24057 26.50 80.54

9 24053 26.50 80.54

10 24064 30,37 78 .19

244 24071 28,40 77.14

12 24072 28,40 77.14

13 24073 28,40 77.14

14 24074 28,40 77.14

15 24075 28.40 27 sl

16 24076 28,40 a7

17 24077 28,40 7704

18 24078 28,40 77.14

19 24079 28.40 77 .14

20 24085 26,50 80, 54

Himalayan 1 05024 27.42 85,19

= 78

Total no., of data sets
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(1) (2) (3) {4) (5) (6) "
Lower Eastern 1 03022 26.20 91.02
carte 2 04006 22,29 83.11
3 04036 22.11 88,12
4 04039 22,11 88,12
5 04047 22,52 88.21
6 04048 22,52 88,21
7 04063 22,25 87.24
8 04065 22.25 87.24
S 04066 26.30 88,50
10 04067 26.18 89,32
11 04071 22,11 88,12
12 04072 22.11 88,12
13 04073 22.31 88,20
14 18050 18,48 82 .41
Western s 08017 22,00 69.45
2 14069 18,56 72 .51
3 14081 21,10 79.12
4 14129 18,34 73.58
Central Al 13039 23.31 75.48
13024 23.11 75.50
' Total no. of data sets = 20 -
Muslim Northern 1 17001 30.15 67 .00
Eastern i 03023 27.29 94 .56
2 03024 26,10 91.45
3 04002 22,29 88,11
4 04008 22,29 88,11
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(1) (20 (3) (4) () (e
I Eastern 5 04017 22,35 88.21
: & 04038 22.11 88.12
1 W 04040 26,18 89,32
8 04045 22 .52 88.21
S 18017 22 .16 85,01
s Southern 1 02007 17 .42 83.24
02031 17,22 78,26
& 3 22016 13.05 8C.18
k * o ' I
L Central iI: 13040 23.15 75,50
Total no. of data gets = 14
Christian/ Eastern 1 04019 22,35 88 .21
Anglo=~
Indian 2 C4031 22435 88.21
3 18019 22.16 85,01
Southern il 02008 17,42 33.24
2 110Ca 1,00 76.16
3 11049 10,C0 76.16
4 22018 17,05 80,18
Total no. of daia sets = 7
ustraloid Northcrn 1 24086 29 .22 79,26
Iribe 24089 30.19 78.03
i Eastern 1 040Ce2 22 .38 38,52
2 04064 22,25 87.24
3 04G75 22 .53 88.25
4 06002 2 e 147 87.15
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| ( 4)

(2) (3) (5) (6)
‘ Eastern 5 06003 217 87.15
6 06008 23,10 86.51
g/ 06009 23.22 85,20
8 06012 23,53 84,17
9 - 06013 23,53 84,17
10 06028 23.22 85,20
11 06030 23,20 86.00
12 06031 23,20 86.00
13 06032 23,20 86.00
14 06037 24,20 87. 37
15 06040 23,22 85.20
16 06044 22.20 87.39
17 18005 18.48 82 .41
18 18006 18.48 82.41
19 18010 18,48 82.41
20 18011 18.48 82.41
21 18014 18,48 82,41
22 18015 18,48 82.41
23 18016 18.48 82.41
24 18042 18.48 82,41
Southern 1 02013 17.42 82,00
2 02016 17.42 82 ,00
3 02017 18,18 82 .57
4 02018 17.38 83.04
5 02019 17.38 83.04
6 02020 14,29 80,00
7 2023 15,51 78,01
8 02038 14.29 80.00
9 02042 19,40 78.31
10 02043 19.40 78,31
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Table «7.1) contd.

(1) (2) (3) (4 (5) (6)

Southern 11 02044 192,40 78,321
12 11012 9.32 76.24

13 11015 8.41 T6.57

14 11016 11.15 75.45

15 11017 11.15 T5.45

16 11022 8.53 76,38

17 11023 8.45 77 .43

18 11025 8s53 76,38

19 11028 9.32 76,26

20 11029 ¢,.55 77 .08

21 11036 10,24 76,51

22 11041 10,24 76,54

23 11044 10.24 76.54

24 123501 10.32 72,43

Western 1 08C08 21,40 69,40
2 08027 21.10 72.57

3 08030 21.10 72 .54

4 08031 21.10 72 .54

5 08032 21.10 72 .54

6 C8B033 21.10 72 .54

7 08035 0 21.40 78502

8 . 08036 21.10 72 .54

9 10002 12.29 75.40

10 14099 20,58 77.50

11 14100 19.41 73.38

12 14101 20.52 74.50

13 14102 20,00 73.52

14 14103 19.14 73.02

15 14104 23438 73,02

16 14135 - 20,52 74,50
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f ]

(1) fgp s & . G (4) (5) {6
Central 1 13002 19,042 82.058
2 13003 21.49 76,23
3 13006 26,12 73.09
4 13010 19.24 81,37
5 13011 19.06 81.35
6 13016 18,48 80.55
7 13017 kil 77 .47
8 13019 28.18 79.48
9 13021 19.22 8l.24
10 13033 22,18 75.434
Total no. of data sets = 76
Mongeloid Eastern il 01003 9,00 92,47
RERE 2 01007 9,00 92,47
3 01011 9,00 92,47
4 03004 25,32 90,14
5 03005 28,36 95,03
5 03006 28.36 95,03
7 03007 28,36 95,03
8 03008 28 .36 95.03
9 0309 28,36 95,03
10 03010 26,10 90,38
il 03011 26.10 90, 38
12 30212 26,10 90, 38
13 03014 25.34 91,53
1e 03015 25,34 91,53
15 03016 215 231 91.53
16 03017 25.34 91.53
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{1) (2)

(3

(a)

(5}

(6

Eastem 17 c3018 25.34 91=53
18 C3026 25,34 91.53

19 04074 27,02 88,20

20 16003 25.40 94.08

21 leCl2 25.40 94,08

Central i 24028 29,36 79 .40
2 24052 28.1C 80.14

3 24053 27.21 81.47

4 24054 28,32 80,43

5 24062 28,32 80.43

6 24063 29.22 79.26

Himalayan 1 05020 27 .02 88.34
2 C5030 27 402 88,20

Total no. ¢f data sets = 29

et
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CHAPTER

VIII

UNIDIMENSIONAL REPRESENTATION OF GENE
\ FREQUENCIES S DIRECTIONS OF MAXIMUM AND
MINIMUM VARIATION

T B

When the estimated frequencies (p,@ of the genes
A and B for different populations within the same geographical
zone and socio-religious group were represented graphically on
a two-dimensional plane, in many cases they showed considerable
variation, as were also evident from the rather large values
of the chi-square statistic for testing homogeneity of the gene
frequencies. It was then considered pertinent to ask whether
the large variability could be explained in terms of variation
in any one particular direction. What one then sccks is a
linear combination A of p and d. k-= ap + bg, where a and b
are constants to be determined such that the variability of X
between the different populations is the maximum for all choices
of a and b. The variability of A can be measured in terms of
the chi=-square statistic appropriate for testing the homogeneity
of the different populations in respect of the values of A in
these populations, The algebra for carrying out this maximisation
have been given in section 4.9 of Chapter IV, ignoring the samp+

ling fluctuation in the estimates of the dispersion matrix of
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the estimated gene freguencies. It is seen that this procedure

givég two sets of values of {a,b), one set (amax' bmax) generating

i f chi- a the : 15
the maximum value of chi=-square and the © r set (amln, mln)

leading to the minimum value of the chi=square, Thus, Ay =

a D+ b .g 1is the linear combination which has the largest
max max '

variability between the populations, and kz = 8,4pn°P + bhin‘q
the smallest variation., If the corresponding chi~squares are
denoted as’xlz andfxéz, respectively, then ’Xlz +-1%22 is the
total heterogeneity chi-square and ’%12/(%12 +-’X22) is the

propertion explained by the linear combination Aj.

Tn Table 8,1 are given the values of (amax' bmax)‘
(amiﬁ‘ bmin) and the proportion explained by Kl expressed as
a percentage for all heterocgeneous geographical x socio=religious
subsets. Restricting our attention to only those subsets con-
tainirg 10 or more peopulation groups, it was found that the
percentage variability explained by Al varies from 94.32% for
the 13 Mongoleid tribal population groups of the Himalayan zone
to only 56.97% for the Lower castes of the Eastern zone. It was
also interesting to note that A, explains 81.67% of the varia=
bility between the 31 Mongoloid tribal population groups of the
Eastern zone, The variability between different Mongoloid
tribal groups within these two zones in terms of the A and B
gene freguencies can thus e largely attributed to variation

in one direction., The directions are, however, different in


http://www.cvisiontech.com

212

@0
-
[¥5]

t&f two zones as measured by the values of (amax‘ bmax) which
are: (0,606, ©0.796) in the Eastern zone and (0.960, -0,280) in
the Himalayan zone., Graphical representations of the directions
of maximum and minimum variation have been given in Figures 8.1
and 8.2 for the 31 Mongoloid tribal population groups of the

Eastern zone,

For most of the subsets, the variation appears to be
spread all cover the two-dimensional plane and not much of it

can be ascribed to any single direction,
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7able, 8,1 Directions of maximum and minimum variation within
heterogeneous geographical x socio=religious subsets

g&g&aﬁﬁfégi?E“'ﬁESJ'of R T & . s . “%"35%;&%586””
socio=religious date max max min min explained by
subset sets ?\1 = 2 P +
A - S— maxq_.,.,..
N 70 I = 2) (3) (4) (5) (e) N
N-UC 6 0,981 0.196 0©,018 0©,9998 95.96
N=MC 34 0.979 0©.204 0,006 0.,99999 68,29
E=MC 16 ©.935 0,354 0.236 =-0.972 62.21
E-LC 16 0.741 ~0.672 0.762 0.648 56 .97
E~-CH 5 0.176 -0.984 0,923 0.385 £85.78
E=-AT 39 0,917 0.398 0,251 =-0.968 68.93
E-MT 31 0.606 0,796 0.760 =0.649 81.67
S=MC 14 0.173 =-0.985 0.960 0.281 75.06
S=MU 4 0,201 ©.980 0,9997 0.023 71.80
S=CH 4 0.893 0.450 0,416 =0,909 73.93
S=AT 25 0.978 =0.206 0,354 0,935 66,68
S=-CT 5 0.979 0,205 0,187 =0,982 92,10
W=-UC 21 0.466 0,885 0,934 =0.356 72.75
W-MC 36 c.682 =0.731 0,733 0,680 60,84
W-LC 8 c.986 ©.167 ©,057 0,998 80,49
W=AT 23 0.954 =-0,299 0,447 0.895 71.09
Cc-MC 26 0,984 ~0,180 0,459 0.889 77.67
Cc-LC 8 1.000 =0,0C07 0,288 0,958 73.98

H-MT 13 0.960 =0,280 0,420 0,907 94,32
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