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ABSTRACT A sample of 312 comseculive sib pairs
classilied according o matemal phenciype was siudied
for segregation devisuons al the ABO system, Approa-
maicly 60 per cent of the sibs shared ibe same phenciype.
The sub-samples of pairs bom w A, B and O mothers as
wiell a8 the voal sib-sib manz were found w b in pordfea
hanmmony with the expected segregation. Bath Ay and RO
muithers segregated preferentially in favour of A and B alleles.

INTRODUCTION

A number of theories have been put Forward
1o explain the maintenance of polymaorphic
forms of the ABO blood group sysiem but so
far no satisfactory explanation has been
obtained (Cavalli-Sforza and Bodmer, 1971).
Foetal losses, both due to ABO-incompatibility
(Grubh and Sjostedt, 1955; Schapp el al., 1984;
Valenzuela and Walton, 1985) and hacmaol ytic
discase of the newborn (Sever, 1969 Race
and Sanger, 1975) can affect heterozygote
fitness, The hacmolytic disease of the new born
accurs mostly in AQ and BO new boms of
the O mothers which lack bath A and B antigens
but possess both anti-A and anti-B IgG anti-
bodies, which play havoc by destroying the
new born’s erylhrocyles., However since the
role of selection during the early stages of
foctal development is nol  consistently
demonstrated nothing can be said with surity
about its evolutionary trend. The present study
15 designed to explore the ABQ distortions in
the sib-sib matrices grouped according o Lhe
maother's phenotype in order to separalc the
maternal effects.

MATERIAL AND METHODS

Dt on sibpairs (n=3 12} a5 well as maternal
phenotype was collected from the Tomihes
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residing in the Punmjabi University Campus,
Patiala City and the Urban Estaics of Patiala.
Most of these familics have only 2 and rarcly
3 children and all the sibs in this swdy arc
consecutive sibs, except the ones, where duc
10 unknown embryo losscs, consecutive sibs
do not comrespond to conscoulive prognancics.
The ABOQ typing was done following the
standard echnigues of hacmagglutination reac-
tion. Sib pairs are named according o their
phenotypes. Thus A-0 is the pair, where the
first sib is A and the consecutive one is O.

Statistical Analysis

ABO allele frequencies were calculaned
following the methods of Yasuda {1984) and
the maximum likelihood estimates of Li (1976,
Assuming Hardy Weinberg cquilibrium, the
total matrix was divided into three, according
to the phenotvpe of the mother (A, B and )
excluding the AB matrix due 1o small size ol
the sample.

The chi-square test was applicd on the sib
pairs o check the significence of deviat'ons
fronn expected Hardy Weinberg proportions.
The difference in ABQ phenotypic frequencics
between conseculive sibs was wested by a
modificd Z test for proportions allowing [or
sib-sib covariance {Valemoely and Harb, 1952
Ciluentes et al., 1486).

RESLLTS AND DISCUSSION

The ABO alleb: requencics forthe conseeu-
tve sibs are given i lable 10 The average
values of A, 8, 7 Tor both sibs are GO17775,
0.27738 and 0,544 86, respectively. The Tregu-
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Tabhe 1: Distribution af ABD blowl groups in sib pairs (n=312)

=302 Phenatypes Allele. x't SE. Z valus
o A B 0 Ap  [requencies
It Sib
Cihis. T 127 T8 34 A Q10T 00960 (pe- B, 01655 1.047 (p=0.05)
Exp. T 12668 .83 o5z B 030785 002037 2108 (p =0.05)
O 0.50198 QUORZED 2535 (p> 0u01)
find Sib
s, 6 1o 17 5 A D659 00002 (pe 050)  DUD1S6S
Exp. 6909 11024 10677 2510 B 024878 LO1ERS
O 0.58529 0.02149
Awerage values for both sibs @ A=D0ITTS B =0ITT3E 0 =0L34456

ency of ‘B’ appears to be slightly on the higher
zide in the first sib and that of 'O" in the
second one but not significantly so (" =
5.82916, di=3, 0.20> p> (.10, Table 2), when
we apply the simple chi-sguare test however
the values of the £ est for the difference in
A, B and O groups between the sibs are :
1047 (p=.05), 2.108 (p=.05) and 2.635
(p=0.01), which are significant for both B and
O group (The value of Z at 0.03 level is 1.96).
The Z 1est was applied since simple chi-square
lest does nol give covariance between the two
zsamples and hence results in increénsing the
type I statistical error.

Pairs in which sibs shared ABO phenotype
were 188 (60255 ) and 124 (30.75%) pairs
did mot share it. The observed sib-zib matrix
was found to be in Hardy Weinberg equilibrium
(Table 3). Table 4 shows the sib-sib matrix

Table X ARG Wood group ; 5ib-sib mairix

Table 2: Comparion of ABO blood types in sib pairs

MN=ilE FPhenorypes Tevtal
A & o Al
Isf Sib
Cilsg T2 127 T8 15 31z
Exp. .5 185 9.5 305
Il Sib
Cibis. (3 110 107 ] 312
Exp. 0.5 1185 9.5 0.5
Toaal 141 137 185 61 24

oy = 552916 (p=0.20)

from A mothers. Preference for paternal B
allele was observed in some cases but no
significant deviations from the expected were
seen in any of the sib-pairs in our data on
Punijabi population for both A and B mothers
(Table 5). Whereas Kirk (1955), Valenzuela
and Walton (1985} and Cifuentes and

find Sib Al A & o Total

Ist Sib Ohs. Exp ¥ Ok Exp. 4 Obs Ep.  oF Ob Exp 42

AB 12 820 0852 8 971 Q3011 12 1354 047TE2 3 255 00794 55
(= {p=975) {p=99) (P %55)

A & 661 00581 41 4066 Q0028 9 B48 00319 16 1625 00035 T2
(=900 (P 9995) {p=0.999) (. 9005}

1 T B 0.1345 1 1006 (LO8TR T8 Tra0 00047 31 350 QU080 127
(p=99) p=395) (p=-5995) (p<9995)

0 1 0E 0085 9 013 000% 11 1116 00023 57 5685 00021 T8
(p.99%) (p.9995) (p<.9993) (p=.9995)

Total 26 69 110 1a7

12:13:. = LTES {p 993
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Table 4: ABO blowl group = Sibesib matrix in A mathers

flnd Sib

A-Maihers

AR A

£ o Tatal

fot 5 Obr.  Exp. ¥ Ohs,  Exp, i

Obs. Exp. 4 Obr Emp. 4t

AR 3 285 00008 30303 .00 5 503 0002 1 098 (D004 12
{pre.9995) (pe4995) (pe.9995) (pe99%5)
A 5 285 L6219 25 2603 (0489 1 293 12713 9 g1 01000 40
{p<T0) (= 954 (p=- 8} =505}
B 5 298 15603 I 440 04455 5 6k 02336 I T Y [
{p>. B0 {p=.95) (P57 (P59
0 —_ 3 &% 0.0357 3 168 00357 9 927 QOOTH 15
(p=9%9%) (p=955) (p<-9955)
Tinal 13 L 14 22

1t om = 53651 (p=0.975)

Valenzuela (1986) had observed an excess of
B children in A mothers and vice-versa, an
abservation which they tried to explain on the
basis of hypothetical sysiem of maternal wler-
ance induced early in pregnancy 1o the paternal
gene, Our results on O mothers are presenied
in wable 6. No significant deviation from the
expecied were observed.

In normal course, the segregation of AQ
and BO mothers should be 1/2.A : 1/2.0 and
2B : 12,0, respectively. A maother with
blood group A who delivered a B or O child
must necessarily be heterozygous and her
segregation in the second sib can thus be tested.

Table 5: ABD blood growps @ Sib-sib mairix in B mothers

The same 15 true for B mothers. In AQ mothers,
sone O eggs are fertilized by A sperms from
fathers, therefore these A newborns [rom A
mothers must be subtracted from the number
of A infants born 10 A mothers and added w
O egpes. The number which must be subiracied
can be caleulmed from the expected Hardy
Weinberg proportion. Thus the proportion of
A infants bom to AQ mothers who segregated
the A eggs will be A+Q (24+0) or 0.802 and
the ones who segregated O eggs will be
A (24+0) or 0L198. Similarly the estimated
proportions in BO mothers for B allele wall -

B-Mothers
Iinad Sib AR A B Lr Tatal
Ist Sib Obs Exp. o Obs Exp. 47 Obs. Exp. 4% Obs Exp 3
AR 8 459 135333 2 426 1190 &  T.RF 04380 2 LM D369 18
(p= 50 (p.&0) (o= 9%) {p=95)
A I 04l 08490 2207 D02 i 151 01723 3 301 0.0000ES 7
=50 (e, HO05) {pe=. 59 (pe.9005)
B 4 198 20608 1 287 13067 al 42,23 QU358 24 1282 QDSI0 T
(pe= 60 {p= B {p=099) (p= 599
O — - 10 1046 Q02 4 B35 0137 19
(- 99593) (po- 9943}
Total 11 5 58 18

¥ = 9007 (p =0.80)
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i Bib-sib matrix in O mothers

- Menhers
flrd Sik A H o Toval
fsrsib Obs. Exp. 4l Obs. Exp. 4 Db Exp. ot
A o EST 00216 2 142 D.1340 T T3T  DD18E) 15
(= 59) {90 (e, 995)
B | 057 03244 15 1473 000429 L] 618  Qupas2 e
(p=.90) (p.999) (p=999)
O 4 380 QuDDZ6 2 192 0.0033 35 3508 QD002 41
_ p=20) {p=999) \pe-3995)
Total 14 1% 48
B = 0E15T (pe 0000
be (B+(0) (2B+() ie 0.747 and for 0=.253  Table § : BO mothers segregation
(Bi2B+(1), Segregation
Table 7 shows that AO mothers showed a B a -
_uandency lo segregate p::e[erenu'nlly A _nllele Oba. T Exp.
in both the sibs and significantly more in the i
. 1 v Ist Sib 73 44 15 44 382773
secomd one (g = -l..ﬂﬂ“l. df=1 p=0.05). Tepd- lnd Sib 61 a4 27 W 15.0%4 -
ency was the same in BO mothers—segregating 1. Significant

preferentially the 8 allele in the first =38.2273%;
di=1 p<0.0005) as well as in the second sib
(3® = 13.1364; di=1 p <0.0005, Table 8).
Cur resulis in the case of segrogation of
allele in AQ and BO mothers differ from those
of Cifuentes and Walenzuela (1986) who
ohserved preferential segregation for O allele.
However, the values may be different simply
due w difference in the incidence of ABO
blood group alleles in Chilean and North Indian
populations, Whereas the incidence of B is
very high in North India (approximately 30
per cent) it occurs with a very low frequency
in Chile {only around 5 per cent), Similarly
3 allele which is present in 77 per cent of the
Chilean group is comparatively much less in
Punjab {50 per cent). The preferential segrega-

Tahle 7= ALY faothers scgregation

Segregation
A ﬂ' xz[u
s Exp.  Obs, Exp,
[sn Sib 14 M M o 1724
lnd Sibs 31 24 17 24 4,082*

1. (p=.20) 2. (p>0.05)

tion for O in B mothers in Chilean data may
be due 1o selective forces favouring the O allele’
in that population. The reverse may be true
for Punjabi group, the sclection favouring the
B allele in our data.

Criticism of the present resulis may arise
from a statistical point of view. Expected
numbers under 5 may invalidate the chi-square
analysis. However Lewontin and Felsenstein
{1965) demonstrated that the inclusion of fig-
ures lower than 5 do not alter significantly the
probabilities of chi-square distribution.

CONCLUSIONS

The main results can be summarized as
follows ;

1) The mcidence of blood group B was
found w be higher in the first sib
whereas blood group O was found w
be more common in the second sib,

ii) Both AQ and BO mother scgregated
preferentially in favour of A and B
alleles, respectivelv and significantly so
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in the case of B mothers. The resulis
can be explained on the basis of known
incompatibility system,
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