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ABSTRACT Date on marriage type. fertility and mor-
tality among Rajaks and Koppala Velama caste
popalations of Andhra Pradesh, [ndia are utilized 1o
repart the degree of consanguinity and its effect on
reproduclive ouleame. About one third of the total
ATTIARgEs ane consanguineous m these populations. The
present study confirms the hypothesis that fertility
would be greater in consanguineous couples fo compen-
sate for the high mortality that will be experienced due
1 inbreeding. The prenatal wastage is significantly
higher among consanguineous group, The genetic load
analysis also reveals the strong positive association of
inbreeding with prenatal and overall total moriality.
The association between inbreeding and postnatal
moriality is not significant. The values of A, supposed
1o be an index of public health conditions, are relatively
higher. In general, the load 15 mainly des to mutation-
selection balance. The results are discussed in the light
of various hypothesis on inbreeding effects

INTRODUCTION

India is one of the few countries where con-
sanguinity is practised. In South Indian
populations, traditionally, the most desirable mate
for a man has been his sisters daughter, or moth-
er's brother's daughter or father' s sister"s daugh-
ter. However these marriages are tabooed among
majority of the North Indian populations. The
state of Andhra Pradesh in India harbours about
200 Hindu caste groups, thirty three tribes and a
few religious minority groups {Babu etal., 1996).
All these groups are endogamous in nature and
practice consanguineous marriages. The magni-
twde of consanguinity in contemporary popu-
lations is dependent on various socio-economic

* Preveni Adidress for Correspondence:

Dr. B.Y. Babu, Division of Epidemiclogy. Regional
Medical Ressarch Centre, Indian Council of Medical
Research, C.5. Pur, Bhubaneswar 751 016, India, E-
mail: iemrrebh@Eren. nic.in

changes. As Srinivas (1978) mentioned,
confirmity as well as departure from tradition is
contexual, The marriage practices are not excep-
tional. Hence there is need to study the impact of
consanguinity on populations’ biology at differ-
ent time frames. The consanguinity or inbreeding
increases homozygosity in the population re-
sulting in increased average fitness, and wlti-
mately have the effect on vital events like fertility
and maortality. The magnitude of these effects
depends on frequency of deletenious genes in
the population, changes in the practice of con-
sanguinity, socio-economic development, etc. In
this context it is our aim to record the magnitude
and effect of inbreeding in two caste populations
of Andhra Pradesh State of India, namely Rajaka
and Koppala Velama castes.

MATERIALSANDMETHODS

The presentstudy caste populations, Rajaka
and Koppala Velama are service and peasant
castes respectively and belong to Sudra varna
of Hindu caste system. Rajaka are washermen by
profession and the majority are engaged in wash-
ing clothes ofother communities, while Koppala
Welama are engaged in agriculture and agriculture
labouring. Both the groups belong to low socio-
economic strata, The demographic data pertain-
ing to marriage type and reproductive histories of
377 women belonging to Rajaka and Koppala
Welama caste populations of Andhra Pradesh,
India, were obtained. The Rajaka was sampled
from a slum in Visakhapatmam city and Koppala
Velama was sampled from rural and semi-urban
areas of West Godavari district. Marriages be-
tween maternal uncle and niece, and between
first cross cousins (marriages with father's sis-
ter's daughter and mother's brother’s daughter)
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were considered as consanguineous marmiages
and all other marriages were considered as non-
consanguineous type. Inbreeding coefficients
for autosomal and sex linked genes were esti-
mated by Wright's path coefficientmethod. Fer-
tility is measured in terms of mean number of

dition and B shows the inbred fraction of mortal-
ity, which results from the homozygous reces.
sive lethals. The B/A ratio is expected o be high
210 forapredominantly mutational load and nearer
to 2 for a predominantly segregational load,

conceptions, live births and surviving children RESULTS ANDDISCUSSION
per woman. Regarding mortality, abortions and
still births were considered as prenatal mortality  Comsanguinity

while deaths up to the age of 15 years were re-
corded as postnatal mortality.

The inbreeding effects on foetal loss (prena-
tal mortality), postnatal mortality and total mor-
tality were estimated in terms of genetic load
using the following exponential regression model
as illustrated by Rao ( 1988).

P = I'E‘ AHEF

u:hcrc, P, is the expected proportion of sur-
vivors, and F, is the Wright's coefficient of in-
breeding of the i th subgroup based on the type
of marriage.

The weighted regression coefficient A and
B were obtained by iterative computational
method and these values of genetic load were
interpreted as mentioned below,

The intercept A and slope B from the above
formula are utilized to estimate two important
guantities namely, (i) the number of lethal equiva-
lents and (i) the B/ A ratio. According to Morton
et al, (1956) weighted regression coefficient B
represents an estimate of the average of lethal
equivalent per gamete. The value of B is an un-
derestimate of the mean number of lethal equiva-
lents and lies between B and B+A, Thus the
upper limit of the value of lethal equivalents is
B+A while B itselfis the lower limit, Morton et al,
(1956) also introduced the ratio B/A, where inter-
cepl A represents the non-inbred fraction, which
is supposed to be an index of public health con-

The distribution of different types of mar-
riages and inbreeding coefficient values for
autosomal and sex linked genes are givenintable
1. Among these caste groups, about one third of
the total marriages are consanguineous. The
Koppala Velama recorded relatively higher fire-
quency of uncle-niece marriages. Among cross
cousin marriages, marriages withmother's broth-
er's daughter (MBL)) type are more, The mean
inbreeding coefficient for autosomal and sex-
lined genesare 00242400002 and 0,027 5400003,
and 0.0279%0.0010 and 0.034140,0004 among
RajakaandKoppala Velamarespectively. Reviews
of earlier studies on castes (Parvatheesam, 1995)
and iribal populations {Babu, 1993) indicate that
the frequency of consanguineous marriages is
higheramong tribal populations than among caste
groups. Among tribes, the frequency of consan-
guincous marriages vary from 22.30 per cent
among Andh (Pingle, 1983) to 73.43 per cent
among Valmiki(Maidu and Babu, 1997). Among
caste populations, it ranges between 13.61 per
centamong Brahmin( Srikumari, 1985)and 47.06
percentamong Jalan (Veerraju, 1973 ), Marriage
between uncle (mother’s brother) and niece ( si1s-
ter's daughter) is prohibited in many tribal
populations, however it is approved practice in
Hindu castes. Hence, the values of inbreeding
coefficient for sex-linked genes are higher in caste

Table 1: Distribution of consanguineous and nonconsamguineous marrlages and inbreeding coeflfi-
clenis among Rajaks and Koppala Velama castes

Castex  Somple Consanguinesus Marriages' Nonconianguinesons Menn inbreeding
marciages coeffieients £ SE
Un FiD MBL e Sex Linked Autosomal
Rajaka i 12 16 £} Th 151 0.0247 D.0275
5192 11.45% 16.74% 33.48% 6. 521% +0.0002 +0.0003
Koppala 150 12 4 19 45 105 0.027% 003410
Felama 14.67T% 267T% 12.67% 30.00% T +0.0010 E{0.0004

1. UN, uncle-niece; FSD, father's sister’s daughter; MBD, mother's heother's daughter; TC, total consanguinenis
MATFiAges
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groups than in tribes due to presence of uncle-
niece marriages in castes.

Inbreeding Effect on Fertility and Mortality

Table 2 illustrates the fertility, measured in
terms of mean conception, live births and surviv-
ing children per woman. Itis assumed that fertility
would be greater in consanguineous couples, to
compensate for the high mortality expected due
to inbreeding. The present study castes confirm
the above hypothesis by recording relatively
higher mean number of conceptions for consan-
guineous couples than for non-consanguineous
couples. However the mean number of live births
and surviving children are higher in non-consan-
guineous couples, indicating higher survival of
non-inbreds during the prenatal stage. Mever-
theless, the dirferences are marginal and statisti-
cally not significant except for mean number of
conceptions in Koppala Velama, A quick glance
at the table reveals that one out of three or four
conceptions is being wasted, leaving only two or
three surviving children. Though the present
results are not consistent, the feriility rates are
relatively higher in consanguineous couples.
Schull and Neel (1972) reported that parental
consanguinity had significantly increased the
total conceptions and live births in Japanese
population. In Indian populations too, Basu
(1978), Puri et al. { 1978) and Naidu et al. ( 1995)
have confirmed the effect of inbreeding resulting
in higher fertility. On the other hand, the results
are not consistent in several other Indian
populations reported by Rao (1978), Saheb et al.
(1978), Raoand Imbaraj( 1979), etc.

The information on mortality at both prena-
tal and post-natal stages as well as total mortality
among consanguineous and non-Consanguine-
ous couples (Table 3) reveals relatively higher
rates of mortality among consanguineous cou-
ples than non-consanguineous unions mn both
the caste populations. These differences are
highly significant for prenatal wastage and total
mortality. The mean values of mortality (0.63
among Rajaka and 0,71 among Koppala Velama
per woman) indicate that on average at least one
conception per woman is being ended up in death
either at prenatal or post-natal stages. The present
result suggests that the reproductive loss is
positively associated with inbreeding in these
caste populations.

Grenetic Load

The inbreeding effects on the reproductive
wastage, estimated in terms of genetic load for
prenatal, prereproductive postnatal deaths and
total mortality are presented in table 4. The present
study castes show a positive and significant
regression values for prenatal loss and wtal mor-
tality indicating an increase of mortality with in-
creasing inbreeding coefficient. The B values for
post-natal mortality is not significant, in both the
populations, and Koppala Velama records inverse
association. The B/A values which categorize
the load into mutational and segregational indi-
cate thatthe load is mainly mutational for prenatal
and total mortality inboth the populations which
might have resulted from higher B values and
lower A values. The lower values of B/A for post-
natal mortality indicate that the load is

Table I: Details of Tertility in consanguinesus and nonconsanguinesus couples among Rajaka and

Koppala ¥Velama castes

Marringe Rajaka Koppale Velawa
e’ Conceplions Live hirths Survivimg Conceprions Live births Surviving
children childres

UM 3752045 3582046 1.93%0.39 31.4540.24 1.5440.27 2361032
FSL¥ 3582043 3.2740.42 1.54£0.25 3,7510. 9% 1.75+0.73 2 5840 64
MBI 3.2110.29 1.0510.31 1.25&0.21 1.9510.50 184%0.41 2.06340.37
TC 3.2440.22 1.2140.22 2612016 16840 26 2.68+£0.22 2. 48+0.22
N 1.40%0.50 1.33%0.15 1.8520.13 3.08+0.16 281+0.14 2.5910.15
Total 141007 1.29+0.07 2.77&0.06 32620013 2.780.12 2.5640.12
t-value? 00751 0.4507 1.1642 |.9654* 04985 04131

1. UM, uncle-niece, FSD, fuher’s sister’s daughter; MBD, mother's brother's daughter; TC, total consanguinesis
marriages; MC, nonconsanguineous marriages: Todal, total marriages
2. t=value for difference between consanguinesus and monconsanguinesus couples

1. p0.05
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Table 3: Details of mortality in consanguincous and ponconsanguineous couples among Rajaka and

Koppala Velama castes

Mavriage Rafaka Koppala Velama
e’ Preaaral Posr mivral Toral Prevaral Pagt maral Total
.l.||.|:u-'r.rrfrr:|' morialiry mortality mrarfaliry marnaliny mgwraliny
UN 0.1 740,06 0.07E0. 14 0LE3E0.11 0.95£0.21 0182018 Fol4x0.09
FsD 0.31£0.08 0.7 3£0.09 1.04t0.04 1.0 4 (. 2520.25 I.25£0.21
MBED 0. 160,06 0. 500,08 S0 60 08 10027 210,21 1.3210.18
TC 0.2120.05 0.6 120,06 0.8210.04 1.02£0. 16 0 2020.19 I 22017
M 0.07+£0.03 0.48£0.04 0.5410.04 0.25£0.04 0.2320.22 0.49£0.11
Toral 0.0 1£0.02 0.5240.03 0.63+0.01 0. 48+0.07 0.2240.21 0.71+0.12
t-value? 2.4010° 1.8028 4.9497* 4.5061° 01032 }.60352°

. UM, uncle-niece; FS0, father's sister’s daughter; MBD, maother’s brother’s doughter; TC. total consanguineous
marriages; MO, ponconsanguingous marriages; Total, tolal marriages
2. tevalue for difference betwsen consanguineous and nonconsanguineaus couples

1. P<00S 4 p=0.00]

segregational. In general the results indicate that
the load is mainly due to mutation-selection bal-
ance. It is worth mentioning that the values of
regression coefficient B are positive and signifi-
canl for prenatal mortality indicating a general
trend of manifestation of inbreeding effectively
during the foetal stage. The lethal equivalents
per gamete, which lie between B and B+A, vary
considerably. The intercept A measures the
mortality ofthe non-inbred fraction, supposed to
bean index of public health condition. The values
of intercept A are relatively more particularly for
total mortality which are consistent with low
socio-economic condition and poor public health
facilities of these caste groups.

Thus the effects of inbreeding on mortality
are obvious and the load in mainly by mutation-
selection balance, However, Crow (1958) ob-
served that segregational load is larger than
mutational load. An overview of earlier studies
on genelic load among some Andhra populations

(Srikumarietal., 1985; Reddy, 1992; Babuetal.,
1994 andNaiduetal., 1995) reveals that generally
field based population studies record
segregational load rather than mutational load.
Few ofthe Andhra populations such as Vadabalija,
Vadde and Mangali castes, and Jatapu and
Manzai Mali tribes reported nepgative and non-
significant regression coefficient B for prenatal
wastage. For post-natal loss also majority of
populations reported negative or non-significant
values of regression coeflicient B, which infer
weak association between inbreeding and post-
natal mortality. The non-significant mortality dif-
ferences between inbreds and non-inbreds can
be expalined by Sanghvi’s( 1966) hypothesis that
the effect of inbreeding will be minimized due to
elimination of lethal and deleterious genes from
gene pool through a long history of consanguin-
ity, particularly in Andhra populations. In this
context the observations of Reddy (1992) are
worth mentioning. He compiled the data on

Table 4; Regression coefflicients for gemetic lond among Rajaka and Koppala Velama eastes

Crsites Estimates of genenic load ¥ for poodness of fif
mariality A ] B4 X' regression r restdual X poval
Rajaka

Prenatal 0208 0.4297 21.15 0.2350 2.0174" 02624
Post natal .1 260 0.63186 4.07 0,292 2.1968 2 4RED
Talal 01767 10998 6.22 08348 6. 1045" 6.9393
Koppala Velama

Pmpﬂll 0937 2.1126 22.55 37280 37.6298° 41.3578°
Post natal 00895 01157 -1.29 0094 0. 1498 0.1592
Total 0.1787 2.0888 11.69 2.7228 15.81597 1853877

I.p

<0,05; 1. p=0.001
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inbreeding effects on reproductive wastage and
computed genetic load for about 30 South Indian
populations. Nearly half of the populations re-
ported negative B values indicating inverse rela-
tion between inbreeding and foetal loss, while
ane fourth of the populations showed the same
relation for post-natal mortality also. The aver-
age of regression coefficient A and B are 0.223
and 0.383 respectively. It is to be noted that the
average value of B and number of lethal equiva-
lents of South Indian populations computed by
Reddy (1972) are significantly lower than the
average values of the Japanese (Vogel and
Motulsky, 1986; Schull and Neel, 1972) and West-
ern Whites (Cavalli-Sforza and Bodmer, 1971;
Vogel and Momlsky, 1986) even though the de-
gree as well as the history of consanguinity in
South Indian populations are much higher than
that of Japanese and Whites. Sanghvi's hypoth-
esis cannot explain the inverse relation between
inbreeding and foetal wastage. According to the
hypothesis of Peritz (1971), consanguinity de-
creases the chance of blood group incompatibil-
ity and hence reduces foetal loss, However all
these hypotheses may be verified in contempo-
rary populations by extensive studies with both
genetic and epidemiclogical perspectives by con-
sidering all confounding factors such as socio-
economic differentials, demographic factors, ete.
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