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Introduction

THE biosocid phenomena of inbreeding is a topic of condderable interest to human
geneticists because of its assortative nature of maing deviating from panmixia, and such
matings give an opportunity for recessve genes to manifest themsdves by becoming
homozygous. Since most deleterious trats in man are recessive, inbreeding tends to bring into
open such recessive dldes previoudy hidden by heterozygodty, resulting in increased risk of
genetic defects in inbred progeny. A precise estimation of the effects of inbreeding is one of
the most powerful tools avalable to geneticists in the gppraisd of relaive importance of
mutation versus selection in maintaining genetic burden (genetic load) of a population. Crow
(1958) has defined genetic load as the relaive decrease in the average fitness of a population
in comparison to the genotype with maximum or optima fitness. Many investigatars have
used the data of inbreeding on mortdity to estimate the genetic load in man (Morton et .,
1956; Crow, 1958; Freire-Maia, 1963 and Schull and Ned, 1972).

Despite being a vast conglomerate of various endogamous castes, communities and tribes
providing excellent materiad for consanguinity studies in India, reports on such investigation
in India are fragmentary and only a few reports on genetic load are available in literaiure
(Rao and Inbargj, 1977, Reddy, 1992; and Babu et al., 1994). Only a few such studies were
conducted on the population groups of Kerda (Kumar e al., 1967; Filla and Mathew, 1995;
and Sudhakaran and Vijayavalli 1996). The data on the effects of inbreeding on mortdity
among the Pulayas of Alappuzha digtrict of Kerdla is used fere for estimating the genetic
load in the group.
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Materials and Methods

The Pulayas are the major Scheduled Caste community of Kerala, congtituting more
than 9.92% of the total population of the state. They are amost evenly distributed, mostly in
the central and southern districts of the state including Alappuzha and among whomthe
practice of related marriages has long been favoured and encouraged. For our study, dda
were collected exclusively from door to door survey. The effects of inbreeding on
mortality was computed from the data on the reproductive histories (abortion and still
birth were considered as prenatal 1oss, while death upto 20 years of age—infant (birthto
1 year), child (1-10 year) and juvenile (10-20 year), were recorded as postnatal deaths.
Information is collected from 601 couples drawn randomly from the urban (112), sub-
urban (126) and rural (363) regions of the district through intensive interviewing of the
spouses by using an elaborate questionnaire. Nonconsanguineous familiesfrom the same
Socio-economic status of the community was taken as control. Estimation of genetic load
was made through an analysis of regression of mortality on the coefficient of inbreeding
using the weighted regression equation (Morton et al., 1956):

-logeS= (A + BF)
where,

S= Fraction of survivors (humber of individuals surviving/total number of birth),

A = the amount of expressed damage (genetic and/or environmental) in arandom
mating population,
B = estimate of the concealed genetic damage revealed by inbreeding, -
loge S= number of lethal equivalents per gamete,
F = coefficient of inbreeding (measures the rate of reduction in heterozygosity per
generation due to inbreeding, F = 1/16 for children of first cousins, 1/32 for
those of one and a half cousins, 1/64 for those of second cousins €tc.

Inbreeding was represented by only afew individuals in our sample. Hence, it islikely
thet the obsaved vaidhlity beng zeo in oatan inbreeding dasses relts in an unodfined
logarithm, and hence a small size correction was necessary before performing the re-
gression. Theappropriate correction used for alogarithm regression was as recommended by

w4 pF
n+2

Where, x = number of individuals surviving, n = total number of births.
Templeton and Read (1983).
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Reaults

A sample of 601 marriages were studied, out of which 9.48% were consanguineous
with mean coefficient of inbreeding, F= 0.00759. The effects of consanguinity at various
dages of mortdity are presated in Table 1. The computed frequency digribution of prenatd
(6.73%) postnatal (12.5%) and total prereproductive mortality (19.23%) among the
offgaring of consanguineous parents have been found higher then contrd (prenad 1.77%,
postnatal 3.71% and total prereproductive mortality 5.48%). Consanguinity wasfound to
be positively correlated with postnatal (p < 0.01) and total prereproductive mortality (p<
0.05). Estimate of genetic load in terms of A and B statistics obtained are presentedin
Table 2. A and B were computed separately for prenatal and postnatal mortality and
collectively for total prereproductive mortality. In all cases, B valueswere found higher
than A values. Estimates of A and B obtained for thetotal prereproductive mortality was
0.05682 and 3.1249 respectively with a BIA ratio of 54.99.

TABLE 1: EFFECT OF INBREEDING ON MORTALITY IN THE PULAYAS OF ALAPPUZHA

Parameters No. of cases NC 1C 15C 2C Total

n % n % n % n % 11 %
Abortion 24 15 088 9 520 — — —  — 9 43
Sill birth 20 15 088 3 g — — 2 6.25 5 240
Prenatal 44 30 17 12 694 —_ — 2 6.25 14 673
Infant 25 11 0.65 14 809 —_ — — — 14 673
Child 50 40 236 10 578 - — - = 10 @
Jvaile 14 12 on 2 116 - — — — 2 096
Postnatal 89 63 371 26 1503 —_ - — — 26 1250+
Total Mortality 133 93 548 38 2197 — — 2 6.25 40  19.23+**

Tote Pregnency 1905 1697 10000 173 10000 3 10000 32 10000 208 100.00

*0.50 > p> 0.30 **p< 0.01 ***p< 0.05

Note: 1C = First cousin, 1.5C = One and a half cousin, 2C = Second cousin, NC = Non consanguineous.

TABLE 2: ESTIMATES OF GENETIC LOAD IN TERMS OF A AND B STATISTICSFOR
PRENATAL, POSTNATAL AND TOTAL MORTALITY IN THE PULAYAS OF ALAPPUZHA

Mortality A B A+B BA
Prenatd 0.0 1897 +0.003 1.1058+ 0.36 112479 5829
Postnatal 0.03813 + 0.005 2.0400 + 0.51 2.07816 5350

Total 0.05682 + 0.006 3.1249+0.64 318172 54.99
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Discusson

Natura populations of amost all diploid and out-breeding organisms carry burdenor
load of genetic defects which may sometimes be expressed phenotypically or remain
hidden in heterozygous condition. These hidden recessive genetic variants are not
ordinarily expressed, but may become manifest by inbreeding. Genotypesthat confer a
fitness digtinctively below the mean of the adaptive norms may periodicaly be eliminated
from the gene pool during prenatal and postnatal stages and the components of concealed
genetic load become expressed more frequently in the inbred progeny. Many inbreeding
studies world over, have highlighted increased rated of prenatal and postnatal deathsin
consanguineous progeny compared to control (Marcalloet al., 1964; Kumar et al., 1967;
Baki et al., 1992: Pillai and Mathew, 1995 and Sudhakaran and Vijayavaili, 1996). Inthe
present study, consanguinity-associated prenatal and postnatal mortality wasfound 3.37
to 3.8 times higher than control (Table 1). These findings indicate that a reduction in
consanguinity can reduce the frequency of mortality to a considerable extent.

Morton et al., (1956) have developed a convenient index for measuring the fithessof
inbred versus noninbreds in a group or population level in terms of lethal equivalents
estimated from the values of A and B. A letha equivalent may be defined as a group of
mutant genes of such numbersthat, if dispersed in different individuals, they would cause
on the average one death. By performing linear regression of the log proportion of
auvivars (-log § onto the respedtive F vdues, A can be determined from the Kinterogpt at
zero inbreeding (F - 0), and B isgiven by the slope of the regression. According tothe
load theory, the measure of total genetic damage per gamete is aquantity which isequa
to the sum of B and the genetic component of A and hence lies between B and B + A.
The B/A ratio provide critical information on the relative importance of mutationa and
segregational loci in maintaining the genetic load (Crow, 1958). Usually B/A ratio will be
high (> 10) if the load is predominantly mutational and if low predominantly
segregational.

In the present group of Pulayas, the A and B parameters, B/A ratiosand their sandard
errors have been calculated from the datain Table 1. The genetic burden manifested in
total prereproductive mortality in the group is estimated between 3.1249 and 3.1817 lethal
equivalents per gamete (Table 2). Theresult of inbreeding effects suggeststhat an average
person (Keralite) carries 6-7 lethal equivalent genes, finding expression between birth
and maturity. Thisestimate isin good agreement with the earlier reports on the population
groups of Kerala (Kumar et al., 1967; Roberts, 1969 and Sudhakaran and Vijayavaili,
1996)..The distribution of the number of lethal equivalents per human beings forms a
widerange of estimates (< 1 to 10) in different population groups acrossthe globe (Freire
Maia, 1960 and Schull and Neel, 1972). Bittles and Makov (1985) have pointed out that
effects of inbreeding vary markedly between different popul ations, the number of lethal
equiva ents per gamete are independent of each other and are characteristic of aparticular
population at a specific point in its evolution. The high B/A ratio (54.99) is suggestive
that mortality disclosed by inbreeding in the group is predominantly from mutationd load.



Genetic Effectsof Inbreeding on Mortality among the Pulayas of Alappuzha, Kerala 203

The consistently lower values of A indl three parameters of mortality may be areflectionof
the relatively better public health condition of the outbred population.

The effect of any long term practice of inbreeding may be good or bad depending on
many factors, including the frequency and nature of the gene concerned and the
magnitude and degree of inbreeding. Both prospective and retrogpective sudiescarriedout
in the populations of Tamil Nadu by Rao and Inbargj (1977, 1979) have reported thet,
there is no dgnficat podtive assodation bewean  consanguinity and  prergoroductive
mortality. They contended that this may possibly be dueto the substantial reductioninte
frequency of lethd and sublehd genes among them, because of the peiodic dimination of
such genes from the population as aresult of continuous practice of inbreeding over the
past several centuries. However, the concept of such narrowing differentials betweenthe
consanguineous and nonconsanguineous groups has been questioned by Chakraborty and
Chakravarthi (1977) and Khoury et al. (1987). The difference in the magnitude of
consanguinity effects observed between the present community and those on the other
regions of South India may be manly because of the difference in their genetic condlitutions
According to the gendlic theory, rarer the disorder higher will be the proportion of affected
individuals born from consanguineous marriages. Faster reduction in the frequency of
deleterious genes take place in caseswhere their frequency isrelatively high. Whereas, in
the case of very rare deleterious recessive genes even with complete elimination of
recessive homozygotes in every generation, the net change in gene freguency is too
negligible and in such cases, obvious narrowing of differentials through prolonged
inbreeding would not happen.
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