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S ummary.Wehave studied the effects of inbreeding on
fertility and mortality for 89 Chachati Relli,and 132
Kapu Relli couples with different hemoglobin
genotypes. The frequency of consanguineous marriages
is higher in Chachati Relli than in Kapu Relli. The effect
of inbreeding is clearly evident in the mortality of
offspring of AA x AA and AA x AS matings in Chachati
Relli and AA x AA matings in Kapu Relli, possibly due
to homozygosity for recessive lethals. However, the
mortality rates for AS x AS inbred couples in the two
sub populations were less than for non-inbred couples,
possibly due to prenatal selection against recessive
lethals. The low value of the B/A ratio in Chachati Relli
suggests that the genetic load is segregational while the
negative B value in Kapu Relli is attributed to reduced
mortality in different inbred groups.
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INTRODUCTION

Studies on inbreeding have considerable significance
as they help to identify homozygotes for rare reces-
sive genes. South India in general, and Andhra
Pradesh in particular, are known for a high preva-
lence of consanguineous marriages (Sanghvi, 1966,
1974, Rao and Inbaraj, 1977, 1979, Bittles et al. 1991,
Reddy, 1992, Reddy and Modell, 1995, Murty and Rao,
1996). An endogamous population, "Relli" , with well
defined sub divisions, viz. , Chachati Relli and Kapu
Relli, with a high frequency of sickle cell gene, is
known (Krishanamurthy, 1971). The population has
shown significant deviation from the Hardy-
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W einberg equilibrium with respect to hemoglobin
locus (Ramana et al. 1997). The Rellis are distributed
in the north coastal districts of Visakhapatnam,
Vizianagaram and Srikakulam, East Godavari, and
West Godavari, and number around 28,000 according
to the 1981 census of India. Thustron (1909) described
the ethnography of the group and noted the primary
occupation of Rellis to be fruit and vegetable vend-
ing. However, following the great famine of 1874
-1876, a group of them took up scavenging and other
menial jobs for livelihood and were segregated. The
splinter group is known as Chachati Relli, while the
other group is identified as Kapu Relli. Both groups
are clearly and distinctly endogamous and retain
their occupations even today. The Kapu Relli enjoys
a higher social status than Chachati Relli.

In the present study, we have estimated the genetic
load using the regression of inbreeding on the prere-
productive mortality rates of couples with different
hemoglobin patterns so as to determine the segrega-
tion of recessive lethals in association with the sickle
cell gene.

MATERIALS AND METHODS

Eighty-nine Chachati Relli and 132 Kapu Relli cou-
ples were selected from five localities of Visakhapat-
namand Andhra Pradesh for the present study. Each
couple was interviewed personally to elicit informa-
tion on the type of marriage and number of livebirths
and prenatal and prereproductive mortality. The
effect of inbreeding on prereproductive mortality was
assessed using the exponential model L - A + BE.
Estimates of A and B have been obtained by the
weighted regression (Smith, 1967) of the proportion of
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m o r t alit y ( Li) o n t h e i n b r e e di n g c o e 飽ci e n t (F) of t h e

i t h
cl a s s .

T h e c o m p o n e n t s of A a n d B a r e u s e d t o

e sti m a t e t h e n u m b e r of le t h al e q ui v al e n t s (A ＋ B) a n d

th e B / A r a ti o
,

w hi c h is u s ef ul t o d eli n e at e th e r el a -

ti v e i m p o r t a n c e of s e g r e g a ti o n al a n d m u t ati o n al l o a d

i n m ai n t ai n i n g th e h e r e dit a r y b u r d e n of th e p o p ul a-

ti o n ( M o rt o n e t al . 1 95 6) . T h e eff e ct of i n b r e e di n g o n

t h e i n cid e n c e of li v e bi r th s p e r c o u p l e a n d p r e r e-

p r o d u cti v e m o r t alit y p e r c o u pl e w a s t e st e d b y t h e

c his q u a r e t e s t of si g ni丘c a n c e (S n e c d o r a n d C o ch r a n
,

1 98 7) .

B l o o d s a m p le s w e r e o b t ai n e d f r o m all t h e f a m ily

m e m b e r s t o d et e r m i n e th ei r h e m o gl obi n g e n o t y p e ･

E l e c t r o p h o r e sis w a s c a r ri e d o u t o n c ell ul o s e a c e t at e

p l a t e s u si n g T ris - E D T A - B o ri c a cid b u ff e r ( p H 8 ･6)

f oll o w i n g E llis a n d A lp e ri n (1 97 7) . T h e p o p ul a ti o n

s h o w ed th e p r e s e n c e of all t h r e e g e n o t y p e s H b A A

( n o r m al) ,
H b A S (S ic k l e c ell t r ait) a n d H b S S (Si c k le

c ell h o m o z y g o t e) .

R E S tJ L T S A N D D I S C tJ S S I O N

C o n s a n g ui n it y

T a bl e 1 p r e s e n t s d at a o n t h e di st rib u ti o n of m a r ri a g e

t y p e s i n th e t w o R elli s u b p o p ul ati o n s ･ T h e f r e q u e n c y

of c o n s a n g ui n e o u s m a r ri a g e s is hi g h e r i n C h a c h ati

R elli th a n i n K a p u R elli
, p o s sib ly d u e t o s m all p o p u l a -

ti o n si z e . I n t h e t w o s u b g r o u p s
,

m a r rl a g e S b et w e e n

丘r st c o u si n s ( M B D
,
F S D) a r e p r e d o m i n a n t

,
f oll o w e d

b y s e c o n d c o u si n s i n C h a c h a ti R elli; m a r ri a g e s

b e t w e e n 丘r st c o u si n s o n c e r e m o v e d a n d b e t w e e n

s e c o n d c o u si n s s h o w e q u al f r e q u e n c y i n K a p u R elli .

T h e a v e r a g e c o e 氏ci e n t of i n b r e e di n g f o r a u t o s o m a l

T a b l e 1 . C o n s a n g u i n it y i n t h e t w o R e lli s u b p o p u l a ti o n s

M a r r l a g e t y p e C h a c h a ti R elli I( a p u R elli

N o p e r c e n t N o p e r c e n t

U n c l e- n i e c e

1/ 2 U n cl e
-

n i e c e

D o u b l e 丘r s t c o u si n s

F i r s t c o u si n s

F i r s t c o u si n s

o n c e r e m o v e d

S e c o n d c o u si n s

P a r e n t al c o n s a n g ui nit y

U n r el a t e d

0

1 1 .1 2

1 1 .1 2

1 7 1 9 .1 0

6 6 .7 4

3

1

0

1 9

l l

2 .2 7

0 .7 6

1 4 .3 9

8 .3 3

1 1 1 2 .3 6 1 0 7 .5 8

8 8 .9 9 7 5 .3 0

4 5 5 0 .5 6 8 1 6 1 .3 6

8 9 9 9 .9 9 1 3 2 9 9 .9 9

g e n e s (F ai) is 0 .0 24 6 a n d 0 .0 21 5 i n C h a c h a ti R elli a n d

K a p u R elli
,

r e s p e c ti v el y ･ I n S o u th I n di a
,
a n d p a r ti c u-

l a rly i n A n d h r a P r a d e sh
,

m a r ri a g e s b et w e e n u n cl e -

n i e c e a n d c r o s s c o u si n s a r e p r ef e r e n ti al/ p r e s c rib e d

f o r m s of m a r ri a g e . T h e i n b r e e di n g c o e 氏ci e n t v al u e s

o b t ai n e d i n th e t w o R elli s u b p o p ul a ti o n s s e e m t o b e

id e n ti c al t o V a d d e
,

a 丘s hi n g c a st e p o p ul a ti o n of

A n d h r a P r a d e s h (F - 0 .02 2 0
,
R ed d y ,

1 9 92) ,
b u t l o w e r

t h a n o t h e r c a s t e p o p ul ati o n s (F - 0 .0 3 30
,
S a n g h vi

1 97 6) .

F e r tilit y a n d m o r t alit y

T h e f e r tilit y a n d m o r t alit y p a t t e r n s i n c o u p l e s w it h

n o r m al h e m o gl o bi n g e n o t y p e s a n d w ith sic k l e c ell

g e n e i n C h a c h a ti R elli a n d K a p u R elli a r e p r e s e n t ed

i n T a b le 2 . D u e t o li m it a ti o n s i n t h e s a m pl e si z e of

c o n s a n g u l n e O u S c o u p le s
,
th e d at a c o u ld n o t b e s u b -

cl a s si丘e d i n t o diff e r e n t i n b r e e di n g cl a s s e s . F e rtilit y in

t e r m s of li v e bir th s i n t h e t w o s u b -

p o p ul a ti o n s is

hi g h e r f o r c o n s a n g u l n e O u S C O u p le s w ith diff e r e n t

h e m o g l o b i n m a t i n g t y p e s t h a n f o r n o n
-

c o n s a n g u l n e O u S c o u pl e s ; h o w e v e r
,

th e diff e r e n c e s

a r e n ot si g n i丘c a n t . S i m il a rly ,
th e p r e r e p r o d u c ti v e

m o r t alit y is hi gh e r i n t h e p r o g e n y of c o n s a n g u l n e O u S

m a r r l a g e S t h a n in n o n - c o n s a n g u l n e O u S O n e S ･ H o w
-

e v e r
,
th e s e diff e r e n c e s a r e n o t s t a ti stic ally s l g n i丘c a n t

,

eit h e r . T h e e n h a n c e d f e r tilit y o b s e r v e d i n c o n s a n-

g u l n e O u S C O u p l e s is p r o b a bl y t o c o m p e n s a t e f o r th e

i n c r e a s e d m o r t alit y a risin g d u e t o h o m o z y g o t e s f o r

r e c e s si v e l et h als a p a r t f r o m si c kl e c ell g e n e . Si m il a r

r e s ult s w e r e als o o b t ain e d b y R e d d y a n d M o d ell

(19 95) w ith t h e B aig a t rib e of M ad h y a P r a d e s h
,

a n d

R e d d y (1 99 2) i n V a d d e
,

a 丘sh in g c a st e p o p ul ati o n of

A n d h r a P r a d e s h .

M o r t alit y a n d p a r e n t al h e m o g l o bi n p att e r n

T o id e n tif y w h et h e r a n y r e c e s si v e l et h als a r e s e g r e -

g a t e d al o n g w it h t h e sic k l e c ell g e n e o r i n d e p e n d e n t-

ly ,
th e m o r t alit y r a t e s a m o n g t h e c hild r e n of c o n s a n -

g u l n e O u S a n d n o n
- c o n s a n g u l n e O u S p a r e n t s W it h

diff e r e n t h e m o gl o bi n p a t t e r n s w e r e e s ti m a t e d . El e -

v a t e d m o r t alit y w a s o b s e r v e d i n t h e p r o g e n y of

c o n s a n g u i n e o u s c o u p l e s o f A A x A A a n d A A x A S

m a tin g i n C h a ch a ti R elli
,

a n d A A x A A m a ti n g l n

K a p u R elli . T h e ele v a ti o n of m o r t alit y i n t h e c hild r e n

of c o n s a n g ui n e o u s c o u pl e s w it h n o r m al h e m o gl o bi n

p a t t e r n s c o uld b e d u e t o t h e s e g r e g ati o n of r e c e s si v e

l et h als i n d e p e n d e n t of t h e si c kl e c ell g e n e . S a n g h vi

(1 9 76) p r o p o u n d e d t h a t m o r t alit y diff e r e n c e s b et w e e n

t h e p r o g e n y o f c o n s a n g u i n e o u s a n d n o n
-

c o n s a n g u l n e O u S c o u p l e s w e r e d u e t o th e e x p r e s si o n of



r e c e s si v e l e th als ･ O n t h e o th er h a n d
,
th e m o rt alit y

r a t e w a s r ed u c e d a m o n g i n b r ed offs p r l n g Of A S x A S

m a ti n g s i n C h a c h ati R elli .

G e n e tic l o a d

G e n e ti c l o ad is e s s e n ti all y a q u a n tit y d e sig n e d t o

m e a s u r e l o s s r e s ulti n g f r o m s el e cti o n a g ai n s t d el et e
-

ri o u s h o m o z y g o t e s ( C a v alli ･ Sf o r z a a n d B o d m e r
,

1 97 1) . T a bl e 3 p r e s e n t s t h e e s ti m a t e s of A a n d B f o r

t h e g e n e ti c l o a d i n C h a c h a ti R elli a n d K a p u R elli .

T h e e s ti m a t e of A d u e t o r a n d o m m a t in g a n d e n vi -

r o n m e n t al f a c t o r s i s hig h e r t h a n th e in b r ed l o a d i n

C h a ch ati R elli
,
t h e r e b y i n di c ati n g th e p o s sibilit y of

s u c h f a ct o r s . T h e B / A r ati o i n C h a c h a ti R elli i s l o w
,

th e r e b y s u g g e s ti n g t h a t t h e n a t u r e of t h e g e n eti c l o a d

is s e g r e g a ti o n al ･ F u rt h e r
,
t h e h ig h m o rt alit y o b s e r v e d

i n i n b r e d c hild r e n u n e q ui v o c all y s u p p o rt s t h e s e -

g r e g a ti o n al n a t u r e o f t h e g e n e ti c l o a d . A n o th e r o b s e r -

v a ti o n m a d e i n t h e p r e s e n t st u d y is t h e n e g a ti v e B

v al u e i n K a p u R elli . T hi s c o uld h a v e b e e n l a r g el y d u e

t o a l a c k of v a ri a ti o n i n m o r t alit y i n n o n i n b r e d

g r o u p s o r d u e t o s a m p li n g fl u ct u a ti o n s . R e d d y (1 99 2) ,

i n hi s st u d y o n t h e g e n eti c l o ad f o r o v e r 4 0 p o p ul a -

ti o n s f r o m S o u t h I n di a
,
r e p o rt e d a n a v e r a g e B v al u e

of O ･3 8 3( r a n g e -0 .9 -1 .3 7) a n d a n a v e r a g e B / A r a ti o of

2 .1( r a n g e -6 .5 -14 .3) .

F u r th e r s t u die s o n t hi s p o p ul a ti o n t o id e n tif y t h e

s el e c ti o n i n t e n sit y o p e r a ti n g u n d e r i n b r e e di n g a n d t h e

o t h e r c o nf o u n di n g eff e ct s o n m o r t alit y w ill b e u n d e r
-

t a k e n .

M o rt a li ty ,
I n b r e e d i n g a n d G e n e ti c L o a d 1 0 5

A c k n o w l e d g
･

m e n t s ･ T h i s w o r k w a s s u p p o rt e d b y a

g r a n t f r o m t h e C o u n cil o f S c i e n ti丘c a n d I n d u s t ri al

R e s e a r c h
,
N e w D e lh i

,
t o G . Ⅴ . R a m a n a i n t h e f o r m o f a

R e s e a r c h A s s o ci a t e s h ip .

R E F E R E N C E S

1) B ittl e s A H
,
S h a m i S A

,
A p p aji R a o N : C o n s a n

-

g u i n e o u s m a r ri a g e s i n S o u th e r n A si a : I n ci d e n c e
,

c a u s e s a n d e ff e c t s . M i n o rit y p o p u l a ti o n : G e n e ti c s
,

D e m o g r a p h y a n d H e a lth . ( e d s) ( B ittl e s A H a n d

R o b e r t s D F) ,
M a c mi 1 a n

,
L o n d o n 1 9 9 1

, p . 1 0 2- 1 1 8 .

2) C a v a lli - S f o r z a L L
,
B o d m e r W F : 1 9 7 1 T h e G e n e ti c s

o f H u m a n P o p u l a ti o n s . W H F r e e m a n
,
S a m F r a n c i s

-

c o
,
1 9 7 1 .

3) E lli s N
,
A lp e ri n J B : A r a p id m e t h o d f o r e l e ct r o p h o r-

e ti c d e t e c ti o n o f e r y th r o c y t e G l u c o s e -6 - p h o s p h a t e

d e h y d r o g e n a s e o n c ell u l o s e a c e t a t e p l a t e s . A m e r I
Cli n P a t h o 1 5 7 : 5 3 4- 5 3 6

,
1 9 7 7 .

4) K ri s h n a m u r th y K : S i c k l e c ell g e n e i n R elli s .

A b st r a c t p r e s e n t e d a t l n t e r n a ti o n a l C o n f e r e n c e o n

H u m a n G e n e ti c s
,

A n d h r a U n i v e r sit y ,
V i s a k h a p a t-

n a m
,
1 9 7 1 .

5 ) M o rt o n N E
,
C r o w J F

,
M u ll e r H J : A n e sti m a t e o f t h e

T a bl e 3 . E sti m a t e s o f G e n e ti c L o a d i n t w o R e lli

s u b p o p u l a ti o n s

P o p u l a ti o n A B B/ A

C h a c h a ti R elli 1 .4 4 3 1 0 . 7 0 6 4 0 .4 8 9 5

K a p u R elli 0 .9 4 7 9 -1 .1 4 1 5 1l .2 0 4 2

T a b l e 2 ･ F e r tilit y a n d m o r t a lit y i n si c k l e c ell p a r e n t a l g e n o ty p e s i n R e lli s u b- p o p u l a ti o n s

c h a ch a ti R elli l l K a p u R elli

P a r e n t al M a r ri a g e N o . of N o . of M e a n M o rtality M e a n x 2 N o . o f N o . o f M e a n li v e M o rtality M ea n x 2
G e n o ty p e ty p e c o uples li ve

birth s

Ii ve

birth s/
c o uple

( く15 y rs) M o r ta lity

/ c o u pl e

c o u p le s li v e

bi rth s

births/
c o u ple

( く15 y rs) M o rtality/
c o uple

A A X A A
C 9 33 3 .67 10(0 .3 03) 1 .l l

0 .98 54
2 8 1 15 4

.l l 12 (0 .10 4) O A 3
3 .4 15 0

N C 15 54 3 .60 10( 0 .18 5) 0 .67 4 3 14 5 3 .37 6( 0 .0 41) 0 .14

A A X AS
C 2 4 93 3 .88 25( 0 .2 69) 1 .04

3 .70 33
1 9 73 3 .84 6( 0 .08 2) 0 .3 2

1 .6 03 1
N C 2 2 80 3 .6 4 10( 0 .125) 0 .45 3 1 1 18 3 .8 1 18 (0 .15 3) 0 .5 8

AS X AS

SS X A A

C 10 49 4 .9 0 15( 0 .3 06) 1 .50
0 .34 97

1 .4 65

4 22 5 ,50 7( 0 .3 18) 1 .7 5
0 .0 7 10

N C

C

N C

7

1

1

49

3

2

7 .0 0

3 .0 0

2 .0 0

19( 0 .3 88)

0

0

2 .7 1

1 .14

6

1

27

2

4 .50

2 .00

10 (0 .37 0)

25 (0 .11 9)

1 .6 7

0 .4 9T O T A L

G R A N D

T O T A L

C 4 4 17 8 4 .0 5 5 0( 0 .2 8 1) 5 1 2 10 4 .12

N C 4 5 18 5 4 .ll 3 9( 0 .2 1 1) 0 .8 7 8 1 29 2 3 .60 34 (0 .11 6) 0 .4 2

8 9 36 3 4 .0 8 8 9( 0 .2 45) 1 .0 0 1 32 50 2 3 .80 59 (0 .11 8) O A 5

C , c o n s a n g u i n e o u s ; N C
,

n o n c o n s a n g ui n e o u s

( F ig u r e s i n p a r a n tb e si s a r e p r o p o rti o n s)
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m u t a ti o n al d a m a g e i n m a n f r o m d a t a o n c o n s a n
-

g ui n e o u s m a r ri a g e s ･ P r o c N a il A c a d S ci 4 2 : 8 5 5- 8 6 3
,

1 9 6 6 .

6) M u r t y J S
,
R a o V V : E ff e c t s o f m o r t a lit y a n d o th e r

t r a it s i n s o ci o e c o n o m i c a lly d i v e r g e n t c a st e s o f A n d-

h r a P r a d e s h . I u d I H u m G e n et 2 : 11 1 1
,
1 9 9 6 ･

7) R a o P S S
,
I n b a r aj S G : I n b r e e d i n g e ff e c t s o n h u m a n

r e p r o d u c ti o n i n T a m il N a d u o f S o u t h I n d i a ･ A n n

H u m G e n et 4 1 : 8 7- 9 8
,
1 9 7 7 .

8 ) R a o P S S
,
I n b a r aj S : T r e n d s i n h u m a n r e p r o d u c ti v e

w a s t a g e i n r e l a ti o n t o l o n g t e r m p r a c ti c e o f i n b r e e d-

i n g . A n n H u m G e n et 4 2 : 4 0 1- 4 1 3
,
1 9 7 9 ･

9) R a m a n a G V
,

B u si B R
,
V i s h n u p ri y a S

,
M u r t y J S :

D y n a m i c s o f si c k l e c e ll g e n e f r e q u e n c y i n R e lli s : A

s u b di vi d e d p o p u l a ti o n o f A n d h r a P r a d e s h . A m e r I

H u m B i o 1 1 9 9 7( m a n u s c ri p t s u b m i tt e d ) .

1 0) R e d d y B M : I n b r e e di n g e ff e c t s o n r e p r o d u c ti v e

o u t c o m e : A st u d y b a s e d o n l a r g e s a m p l e f r o m th e

e n d o g a m o u s V a d d e o f K oll e r u L a k e
,

A n d h r a

P r a d e s h
,
I n d i a . H u m B i o 1 6 4 : 6 5 9- 6 8 2

,
1 9 9 2 ･

l l) R e d d y P H C
,
M o d ell B M : C o n s a n g u i n i t y a n d r e p r o

-

d u cti v e b e h a v i o u r i n a t rib a l p o p u l a ti o n
'

t h e B a i g a

'

i n M a d h y a P r a d e s h
,
I n d i a . A n n H u m B i o1 2 2 : 2 3 5

- 2 4 6
,
1 9 9 5 .

1 2 ) S a n gh v i L D : I n b r e e d i n g i n l n di a . E u g Q 1 3 : 2 9 ト30 1
,

1 9 6 6 .

1 3 ) S a n g h v i L D : T h e g e n e ti c c o n s e q u e n c e o f i n b r e e di n g ･

I n : T h e r o l e o f n a t u r a l s e l e c ti o n i n h u m a n e v o l u ti o n .

( e d) S a l z a n o F M
,
E I s e v i e r p u b li s h i n g C o .

,
I n c

,
N e w

Y o r k 1 9 7 5
, p . 3 2 3- 3 3 5 .

1 4) T h u r st o n E : T h e c a s t e s a n d t rib e s o f S o u t h l n di a ･

C o s m o p u bli c a ti o n s N e w D e l hi
,
1 9 0 9 ･

1 5) S n e c d o r G W
,

C o c h r a n W G : S t a ti sti c a l m e t h o d s ･

O x f o r d p u b li s hi n g C o .
,
N e w D el h i

,
1 9 7 7

, p . 1 9 9- 2 7 7
,




