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ARSTRACT A sample of 1191 marriages of the
Mayars of Alappuzha disirict of the state of Kerala was
studied for estimating the componant of genetic load
operating in the prenatal and posinatal stages. Consan-
guinity-associated prenatal and postnatal mortality was
found to be 188 vo 5.6 times higher than control. The
genetic burden manifestated in total prereproductive
martality was estimated betwesn 2366 amd 2424 lethal
equivalents per gamete, suggests that an average person
carries 5 lethal equivalent genes finding expression be-
tween birth and matarity. The high B/A ratio (41.53) is
suggestive that monality disclosed by inbrieding in the
group is predominantly from mutational load,

INTRODUCTION

The basic ideas of genetic load was first in-
troduced by Haldane (1937) and the concept of
genetic load was first used by Muller (1950) to
convey the burden of death, illness, sterility and
sorrow imposed on humans by mutation.
Morton et al, (1956) have found it useful to
express the load in terms of lethal equivalents
to study the influence of inbreeding on the via-
bility or sterilily of progeny. Crow (1958) has
defined genetic load as the relative decrease in
the average fitness of a population in compari-
son to the genotype with maximum or optimal
fitness. There are several componenis of genet-
ic load, of which mutational and segregational
are more important with reference to inbreed-
ing populations. The nature and magnitude of
the load depends on the level of inbreeding in
the population as well as on the types of genes
involved. A precise estimation of the effects of
inbreeding is one of the most powerful tools
available to geneticists in the appraisal of rela-
tive importance of mutation versus selection in
maintaining genetic burden (genetic load) of a
population. Many investigators have used the

data of inbreeding on mortality to estimate the
genetic load in man (Morton et al., 19556; Crow,
1958; Freire-Maia, 1963; Schull and Neel,
1972).

Despite the occurrence of innumerable in-
breeding castes, communities, tribes and a
variety of racial isolates in India, providing
excellent material for consanguinity studies,
reports on such investigations in India are
fragmentary and only a few reports on genet-
ic load are available (Rao and Inbaraj, 1977
Reddy, 1992; Babu &1 al., 1994). Only a few
such studies were conducted on the popula-
tion groups of Kerela (Kumar et al., 1967;
Pillai and Mathew, 1995; Sudhakaran and
Vijayavalli, 1996). The data on the effects of
inbreeding on mortality among the Nayars of
Alappuzha district of Kerela is used here for
estimating the genetic load in the group.

MATERIALS AND METHODS

The Mayars are the major Hindu forward
(socio-economically) community of Kerala,
Mumerically they are the second largest
group among Hindus, constituting more than
14% of the total of population of the state.
They are almost evenly distributed, mostly
in the central and southern districts of the
state including Alappuzha, among whom the
practice of related marriages has long been
favoured and encouraged. Data were collect-
ed exclusively from door to door survey. The
effects of inbreeding on mortality was com-
puted from the data on the reproductive his-
tories of couples drawn randomly from the
urban, sub-urban and rural regions of the dis-
trict through intensive interviewing of the
spouses by using an elaborate questionnaire,
Monconsanguineous families from the same
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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 eguation of
Maorton et al.(1956), -log, S=(A+BF)}. In-
breeding was represented by only a few indi-
viduals on our sample. Hence it is likely that
observed viability to be zero in certain in-
breeding classes, which results in an unde-
fined logarithm, and hence a small size cor-
rection was made before performing the re-
gression. The appropriate correction used for
a logarithm regression was;

=+l

In

] =- A - BF (Templeton and Read, 1983)
|'||+1

RESULTS

A sample of 119] marriages were studied,
out of which 12.68% were consanguineous
with F=0.00759, The effects of consanguinity
al various stages of mortality are presented in
table 1. The computed frequency distrubution
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of prenatal (10.92%), postnatal (6.55%) and
tolal prereproductive mortality (17.47%)
among the offspring of consanguineous par-
enis have been found higher than control (Pre-
natal 1.95%, postnatal 3.49% and total
prereproductive mortality 5.44%). Extimale of
genetic load in terms of A and B statistics ob-
tained are presented in table 2, A and B were
computed separately for prenatal and postnatal
mortality and collectively for total prerepr-
oductive mortality, In all cases, B values were
found higher than A values. Estimats of A and
B obtained for the total prereprodu- ctive mor-
tality was 0.05699 and 2.3664, respectively
with a B/A ratio of 41.53.

DISCUSSION

Natural population of almost all diploid and
outhreeding organisms camy burden or load of
genetic defects which may sometimes be ex-
pressed phenotypically or remain hidden in
heterozygous condition. These hidden reces-
sive genetic variants are not ordinarily ex-
pressed, but may be revealed by inbreeding.

Table 1 : Effect of consanguinity en prereproductive mortality in the Nayars of Alappuzha

Parameiers Ne. of NC < DFC 2 Taval
cases R % " % n % n % n kY
Aborlion 67 41 1.34 26 G52 4 36.36 & 1111 A6 786
Sl hirth 33 1% 062 1z 105 - - 2 170 14 3.06
Prenatal 11 1] 1.95 k] a7 4 36,36 8 1481 =0 1092
Infant 3 X 058 4 1.0Z - = = - 4 087
Child T3 55 1.7% 16 4,07 2 18.18 - - 1% 3493
Juvenile 1 25 081 L 1.53 - 2 AT0 S 1.75
Postnatal 137 107 349 26 62 2 18.18 2 370 kL 6.55
Tedal Martaliey 247 167 544 o4 1629 f 5454 10 1B.51 B 1747
Total Pregnancy 3530 3072 1(d000 393 100,00 11 10000 54 10000 458 10000

Note ; IC = First cousin, DFC = Double firg cousin, 2C = Second cousin, NC = Non consanguinsous

Table 2 : Estimates of genelic load in terms of A and B statistics for prenatal, postnatal and total
prereproductive mortality in the Nayars of Alappuzha :

Mortaliry A B A+B A

Prematal 002077 +.003 16731228 1.69386 B0.55
Postnatal O03577+.003 066662 23 070237 18 64
Total 0056994 004 2 3664+ 37 242387 41.33
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Genotypes that confer a fitness distinctively
below the mean of the adaptive norms may pe-
ricdically 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 prog-

eny. Many inbreeding studies world over,

have highlighted increased rates of prenatal
and postnatal deaths in consanguineous proge-
ny than control {Marcallo et al., 1964; Kumar
et al., 1967; Baki ot al., 1992; Pillai amd
Mathew, 1995; Sudhakaran and Vijayavalli,
1996). In the present study, consanguinity- as-
sociated prenatal and postnatal mortality was
found to be 1.88 to 5.6 times higher than con-
tral (Table 1). These findings indicate that a
reduction in consanguinity can reduce the fre-
guency of mortality to a considerable extent.

Morton et al. (1956) have developed a con-
venient index for measuring the fitness of in-
bred versus noninbreds in a groupor population
level in terms of lethal equivalents estimated
from the values of A and B. According 1o the
load theory, the A value measures the mortali-
ty of noninbred fraction (F=0), which is sup-
posed 1o be an index of public health condition,
while B reflects the hidden or concealed genetic
damage revealed by inbreeding (F=1). The
measure of total genetic damage per gamete lies
between B and B+A. The B/A ratio provide
eritical information on the relative importance
of mutational and segregational loci in main-
taining the genetic load { Crow, 1958).

In the present group of Nayars, the A and B
parameters B/A ratios and their standard errors
have been caleulated from the data in table 1.
The genetic burden manifested in total
prereproductive mortality in the group is esti-
mated between 2.366 and 2,424 lethal equiva-
lents per gamete (Table 2). The result of in-

. breeding effects suggests that an average per-
son (Keralite) carries 5 lethal equivalent
genes, finding expression between birth and
maturity. This estimates is in good agreement
with the earlier reports on the population
groups of Kerala (Kumar et al., 1967; Roberts,

196%9; Sudhakaran and Vijayavalli, 1996). The
distribution of the number of lethal equiva-
lents per human beings forms a wide range of
estimates (1-10) in different population groups
across the globe (Freire-Maia, 1960; Schull
and Meel, 1972), Bittles and Makov (1985)
have pointed out that effects of inbreeding
vary markedly between different populations,
the number of lethal equivalents per gamete
are independent of each other and are charac-
teristic of a particular population at a specific
point in its evolution. The high BfA ratio
{41.53) is supgestive that mortality disclosed
by inbreeding in the group is predominantly
from mulational load. The consistently lower
values of A in all three parameters of mortali-
ty may be a reflection of the relatively betier
public health condition of the outbred popula-
tion,

REFERENCES

Babu, BV, Kusuma, Y5, and Maido, .M. ; Genedic laad
among foar Andhro caste populations, Sec. Biol,
41 127-129 (1%504).

Baki, A, Karaguzel, A, Beser, E., Cokmaksi, T, Ucar, F.
and Omeragla, A. © Consanguineous marriages in
the province of Trabzon, Torkey. Exer Afr. Med. J..
69 1 94-95 [ 1992), .

Blibes. A H. and Makov, U.E. : Limear regressions in the
calculntion of lethal gene equivalents in man. Anr.
Hurm. Biol, 12 ; 2E7-28% (1985).

Crow, ) F. : Some possibilities for measunng selection in-
tensities in man. M. Biel, 300 1-13 (1958).
Freire-Maia, M. : Deleterious mutations in man. Euxgen

Quarr., T2 193203 (1960,

Freire-Main, M. - The load of neutral mutations in White
anid Mepro Brazilian population 11, Second Survey.
Acta Gemer, 13 ¢ 199-225 (1961).

Haldans, J.B.5, ; The effects of variation of fifress, Ao
Marw, 71 - 337-34% (1937

Kumar, 5.R., Pai, A, and Swaminathon, M.5. : Congan-
guineous marriages and the genetic Joad due to le-
thal penes in Kerala. Ann. Hin, Geree., 31 141-147
(1967},

mMarcalla, F. A, Freire-Maija, N., Azevedo, J.B.C. and
Simoes, LA, : Inbreading effect on mortality and
morkidity in South Braglian populations, Ann. Humi.
Genet., 2T ; 203-218 {19a4).

Marton, M.E., Crow, 1.F, and Muller, H.I. : An eslimate
of the mutational damage in man from data on con-
canguineous marriages. Proc, Mad, Acad, S, USA.,



278

42 : 836-E63 (1956).

Muller, H.J. : Qur load to mutations. Am J. Hust. Gener,
200-176 (19500,

Pillai, P.G. and Martkew, P.M. : Freqoency and ganetic ef-
fects of consanguainity in the Nayars of Trivandrum
Dristrice. South India. J. Cyred. Gener, 300 157-161
{1995).

Rao, P.5.5. and Inbaraj. 8.G. : Inbreeding elfects on hu-
man reproduction in Tamil Nadu of South Indie,
Anr. Hum. Genet., 41:87-98 (1977),

Reddy, B .M. : Inbreading effects of reproductive out-
came: A sludy baged on a large sample from the en-
dogamous Vodde of Kolleru Lake, Andbra Pradesh,
Indin. Hum, Bisl., 64: 659-632 (1992).

Roherts, D.F. : Consanguineous marriages and calculs-

MY, SUDHAKARAN AND B. VIJAYAVALLI

tian of the genetic load. Arn. Hum, Gener 32 @ 407-
410 (1969).

Schull, W, and Meel, 1.V, : The effect of porental con-
sanguinity and inbreeding in Hirado, Japan, V.
Semmary and interpretation. Am S Hum Gener, 24;
4215453 (1972).

Sudhakaran, M.¥. and Vijayavalli, B : Effecs of inbieed-
Ing an moarality in Ezhavas of Alappuzha, South In-
din. £ Cyral, Gemer., 31 ; 175183 (1996).

Templeton, AR. and Read, B. : The elimination of in-
breeding depression in o coptive Herd of Speke’s
Cazelle, In : Genedicr and Conrervarion @ A Refer-
ence for Managing Wild Animal and Plart Papula-
tinng, Schonewanld-Cox. C.M. Chombers, 5.M.
MacBryde, B. and Thomas, W .1 (Eds.). Benjamin/
Cummings Publishing Co., USA (1983).





