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Abstract. Sanghvi’s hypothesis on long term effects of inbreeding was tested in Kotas.
Kota is a numerically small tribal population in the Nilgiri district, Tamil Nadu State,
India. Consanguineous marriages are common in this tribe. A total of 95 couples were
taken for this study and necessary data were collected on a set proforma. Of the 95 cou-
ples, 28 (29.5%) were consanguineously related. The inbreeding coefficient for autoso-
mal genes is 0.022 and for sex-linked genes is 0.03. Inbreeding effects on reproductive
losses were examined through an exponential regression model. Although the regression
coefficient B values are positive, they are insignificant, suggesting no consistent rela-
tionship between degree of consanguinity and the reproductive losses. The estimates of
genetic load is 1.8 lethal equivalents per gamete and the average B/A ratio is 5. These
findings empirically support the Sanghvi’s contention.
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INTRODUCTION

Inbreeding in a population increases the frequency of deleterious homozygotes in the
progeny of consanguineous matings thereby reducing its average fitness. Genetic load is
a quantity designed to measure this loss of fitness resulting from selection against the
deleterious homozygotes [5]. Morton et al.[17] proposed a method of estimating genetic
load in human populations from the relationship of inbreeding coefficient with mortality
or morbidity due to deleterious genes.

A number of studies conducted on effects of inbreeding in different populations
revealed elevated levels [29, 10, 11, 16, 27, 28, 14, 1, 23] of prereproductive mortality
among the offspring of consanguineous marriages. But, most of the studies conducted in
India [18, 20, 21, 13, 9, 2, 3, 32, 22] did not reveal any significant effect of inbreeding
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on mortality. Lack of inbreeding effects in these populations support the Sanghvi’s [25,
26] contention that in areas where the current levels of inbreeding are high and where
inbreeding has been the custom for over two milliennia or perhaps longer, the effects of
inbreeding may not be perceptible. Using alternative hypothesis of selection and muta-
tion, Sanghvi theoretically demonstrated that this effect is due to the gradual elimination
of deleterious recessive genes.

In the present study, an attempt was made to test the Sanghvi’s hypothesis. To fulfill
this aim, effects of inbreeding on prenatal mortality, infant mortality, prereproductive
deaths and total mortality were examined and the genetic load was estimated among
Kotas.

MATERIALS AND METHODS

Kota is a hill tribe of the Nilgiris district, Tamil Nadu state, India. It is numerically a
small tribe. The actual origin of the Kotas is not known. Several views have been
expressed about their origin and migration to the Nilgiri hills. Rev. F. Legrand, [15] says
that the Kotas must have come to the Nilgiris along with the Todas about the same time.
The Kotas know that they have been living in the Nilgiri hills along with other tribes
(Toda, Kurumba and Badaga) since time immemorial. They have developed an economic
symbiotic relationship with other tribes of the Nilgiri hills but have almost no social rela-
tionship with other communities such as the Hindu and Muslims etc. Consanguineous
marriages are highly favoured among the Kotas.

The data on consanguinity, pregnancy history, mortality differentials were collected
on a set proforma in 1991. A total of 95 households were covered for this study in four
villages, viz. New Kotagiri, Trichigadi, Kollimalai and Sholur Kokkal.

Inbreeding effects on reproductive wastage were examined through an exponential
regression model:

P=1-exp[-(A+BF)] ccccoevvenrnn.n. )

where P, is the expected proportion of survivors and F, is Wright’s coefficient of inbreed-
ing for each of the three inbred classes considered. The estimates of A and B were
obtained through the weighed least-squares technique of Smith [30, 31] as modified by
Chakraborty and Chakravarthi (6). Briefly, if Z, denotes -In (1-p,) = A+BF, where
p=my/n; (n, is the number of pregnancies or live births in inbreeding class F, and m;, is the
number of prenatal losses / infant deaths / prereproductive deaths / total deaths), then A
and B were estimated through a procedure to be

B = AFz/AFF .. 2)

A=7-BF 3)
where

w; = n,(-p)/p; . )

W=3w, e, ()]

Z=Xwz/W (6)

F=YwF/W ... (7)
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AFF = SWF-WE? oo (8)
AFz =3XwWFz-WFzZ ..o, 9

A is an estimate of load in a randomly mating population and B is the estimated load
due to rare recessive genes that resulted in homozygotes through inbreeding.
A test of the goodness of fit was performed using a Chi-square statistic.

X2 =Xw,(z-A-BF)* . (10)
A computer program was developed to calculate A, B and Chi-square values using
FORTRAN 77.
RESULTS

Twenty eight (29.5%) of the 95 couples studied were consanguineously related. Uncle-
niece (5.3%) and first cousin marriages (24.2%) were practiced. The inbreeding coeffi-
cient for autosomal genes is 0.022 and for sex-linked genes 0.03.

The data on prenatal mortality, infant mortality, prereproductive deaths and total
mortality are given in Table 1. The regression coefficient B (Table 2) for prenatal mortal-
ity, infant mortality, prereproductive deaths and total mortality (0.3765+0.3963,
0.445+0.4835, 1.176+0.80 and 1.530+0.896 respectively) were positive and not signifi-
cant suggesting no consistent relationship between the degree of consanguinity and
reproductive losses.

The parameters A and B can be used to estimate (1) the number of lethal equivalents
(A+B) and (2) the B/A ratio, which is useful for delinéating the relative importance of
the mutational and segregational load in maintaining hereditary burden of a population.
A high B/A ratio indicates the mutational load while low ratio indicates the segregational
load. The number of lethal equivalents per gamete is about 1.8. The B/A ratio for prena-
tal mortality, infant mortality and prereproductive deaths is (5.412, 4.614 and 5.01
respectively) and the average is about 5.

Table 1 - Number of marriages, pregnancies, live births and prereproductive deaths according to
marriage types

Relationship F No. of No. of No.of Live No.of Prereproduc- Total
marriages  pregnancies prenatal births infant tive deaths mortality
deaths deaths
Uncle Niece ~ 0.1250 5 28 3 25 4 10 13
First Cousin ~ 0.6250 23 111 10 101 11 23 33
Unrelated 0.0000 67 343 23 323* 30 69 92
Consanguineous 28 139 13 126 15 33 46
Total 95 482 36 449 45 102 138

* three twin births.
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Table 2 - Regression analysis of inbreeding effects

Effects A+ SE B+ SE B/A Chi-Square

Prenatal mortality 0.0696 + 0.014 0.3765 + 0.3963 5412 0.0045

Infant mortality 0.0964 + 0.0175 0.445 + 0.4835 4614 0.140

Prereproductive deaths 0.2346 + 0.0283 1.176 £ 0.80 5.01 1.630

Total mortality 0.3065 + 0.032 1.530 £ 0.896 4981 1.272
DISCUSSION

The present study on Kota tribe showed no clear cut effect of inbreeding on prenatal
mortality, infant mortality, prereproductive deaths and total mortality. This may be due to
the long time practice of inbreeding among the Kota tribe and fate of the deleterious
genes in this population is largely on random phenomenon [13]. This supports the
Sanghvi’s [26] contention that inbreeding has little effect in population that have been
practicing it for a long period.

Consanguineous marriages should decrease the chances of blood group incompatibil-
ities and hence reduce early fetal losses [19]. This was empirically supported among
whites, in which it was shown that fetal losses increased proportionatety with outcross-
ing [4], but much larger inter-racial sample has not supported this hypothesis [12]. In the
present study, no significant effect of inbreeding on prenatal mortality was observed.
This could be due to adaptation to inbreeding [24]. Any deleterious genes producing
abortions might have been bred out, if inbreeding has been practiced for a long time
[7, 8]. Some investigators have shown an increase in still birth rates with consanguinity
[14, 6] and other investigators [20, 21, 13, 22] support this hypothesis.

Any hidden deleterious genes can be exposed only if individuals, whose ancestors
had mated at random for many generations, undertake consanguineous marriage. A his-
tory of inbreeding for many generations would cleanse the gene pool very early. Hence a
relatively small value of B and therefore of the B/A ratio is expected in highly inbred
populations [22]. The number of lethal equivalents observed in the present study is
slightly higher than the one reported previously among the Kotas [13]. This is within the
range (-0.76 to 2.67) of the values computed for other south Indian populations in the lit-
erature [22]. The B/A ratio is low suggesting that the genetic load is predominantly seg-
regational. The B/A ratio is higher than the average B/A ratio (2.1) and within the range
(-6.5 to 14.3) found in South Indian populations [22]. The findings of the present study
support Sanghvi’s [25] hypothesis that continued practice of inbreeding for several gen-
erations has resulted in the gradual elimination of deleterious genes by segregation.
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