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Common Erythrocyte Antigens Among Cattle
and their Close Relatives Revealed by
Analysis of Monoclonal Antibodies
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Summary : To detect common erythrocyte antigens among cattle and their close relatives, extensive
tests on red blood cells from more than 1,000 animals including several indigenous cattle from various
Asian countries, Bali cattle, Gayal, Yaks, Water buffaloes, Bezoar and some breeds of goats and sheep
were screened with thirty-two bovine red blood group monoclonal antibodies. The five species except
cattle, Bezoar and Gayal shared 34.4-87.5% of erythrocyte antigens with cattle. Based on the number
of common erythrocyte antigens in each species, the relationships between subgenera Bos and Bibos
was closer than that between subgenera Bos and Poephagus.

The A2 antigen was distributed among all the eight species screened. The presence of the Fc
antigen could be used to distinguish subfamily Bovinae from subfamily Caprinae ; that is all individ-
uals of cattle, Bali cattle, Gayal, Yaks and Water buffaloes had the Fc antigen but not goats nor sheep.
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Introduction

Cattle blood type antigens are specific molecular con-
stituents of erythrocyte membranes detected by hem-
olytic tests. More than ninety blood type antigens
controlled by 11 independent blood group genetic sys-
tems have been recognized and used internationally as
genetic markers in routine parentage and identity ver-

L2 Specific antibodies to

ification for over 60 years
blood type antigens have been prepared by absorption
from alloimmunized and heteroimmunized antiserum.

The detection of these blood typing antigens among
cattle and related animals has been limited due to con-
tamination with natural or non-specific antibodies in
immunized antiserum. Therefore little evidence about

common erythrocyte antigens among Bovidae has been

known. STORMONT et al. reported that American bison
(Bison bison) have homologous blood group systems
with cattle and proposed that the two species might be
recognized as the same genus Bos. They also men-
tioned about evidence of A antigen. The red blood cell
from many of Bovidae and Cervidae, i.e. American bi-
son, Cape buffalo, nilgai, eland, antelope, gazelle, gnu,
goat, sheep, axis deer and mule deer gave rise to the
production of anti-A antisera when immunized to rab-
bits®.

The study on common erythrocyte antigens is espe-
cially important for investigating taxonomic relation-
ships among species and for understanding biological
significance of red blood typing antigens. Only mono-
clonal antibodies can detect the common antigens
among heterogeneous species. Lately monoclonal anti-
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bodies to bovine red blood group antigens were pro-
duced and their monospecific function at routine blood
Thirty-
two cattle blood typing monoclonal antibodies pro-

typing without absorption demonstrated*®.

duced by Nomura et al.? were used in the current study
for screening erythrocytes from 8 heterogeneous spe-
cies and to detect common erythrocyte antigens among
Bovidae.

Materials and Method

Red blood cell samples

A total of 1,216 blood samples from animals that
belong to 8 species of Bovidae family were collected
between 1988 and 2006. The details of samples used in
this study and sampling locations are shown in Table 1.

Blood typing
The blood typing reagents are 32 cattle blood typing
monoclonal antibodies (mAbs) classified by 6 genetic

87 These antibodies are

systems developed previously
all mouse origin mAbs and have been ascertained for
their specificity at biennial comparison tests of 1989/90
and 1995/96 organized by the International Society of
Animal Genetics (ISAG). The specificities detected by

these monoclonal antibodies are listed in Table 2.

Hemolytic tests for blood typing were performed in
each country using fresh blood samples as the standard
method, utilizing 20/ of culture supernatant of anti-
body, 101 of 3% red blood cell suspensions and 10/ of
rabbit complement®.

Results and Discussion

Distribution of common erythrocyte antigens

Among the seven Bovinae species, Bali cattle (Bos
(Bibos) javanicus) shared 87.5% of the antigens with
cattle, but lacked four antigens, Il and Ylike in the B
system, and Fa and V1 in the F system. It can be esti-
mated that Bali cattle have the closest relationships to
cattle (Bos (Bos) taurus). Gayal (Bos (Bibos) gaurus fron-
talis) which belongs to the same subgenus with Bali
cattle, that is these species, showed similar reaction
pattern to Bali cattle on the A, F and Z systems, and
was estimated to possess similar antigens to Bali cattle
in the remaining systems. Yak (Bos (Poephagus) grun-
niens grunniens) which belongs to a separate subgenus
shared only 46.7% of the antigens with cattle. From
these results, it can be concluded that the relationships
between subgenera Bos and Bibos is closer than that
between Bos and Poephagus.

Two types of Water buffalo classified by ecotype are

Table 1 Animal samples of the family Bovidae

Species Scientific name Type Breed or population (sampling place) No.of sample
Subfami ly Bovinae
Cattle Bos (Bos) taurus Hump | ess Chinese yellow (Shantung) 38
Korea 109
Mongolia 43
Nepal (mountain) 76
Humped China (Yunnann) 14
Nepal (lowland ) 24
Filial ongole (Indonesia) 26
Bali cattle Bos (Bibos) javanicus domesticus (Bali, Indonesia) 156
Gayal Bos (Bibos) gaurus frontalis (Yunnann, China) 3
Yak Bos (Poephagus) grunniens grunniens (Nepal) 30
(Mongol ia) 10
Water buffalo Bubalus bubalis River buffalo Nepal 56
Pakistan (Vietnam) 21
Bang | adesh 20
Swamp buffalo China (Yunnann) 64
Thai land 33
Vietnam 54
Taiwan 28
Japan 6
Indonesia 16
Philippine 20
Subfami ly Caprinae
Sheep Ovis aries Corridale 24
Suffolk 7
Northern Vietnam 34
Goat Capra hircus Japanese saanen 60
Shiba 38
Tokara 3
Southern Vietnam 43
Northern Vietnam 35
Kambing Katjang (Indonesia) 55
Bazoar Capra aegagrus (Gunma safari world, Japan) 10
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Table 2 Observed frequencies of bovine red blood cell antigens in cattle, Bali cattle, gayal and yak

Blood type Cattle Bali Gayal Yak
System Antigen China Korea Mongolia Nepal China Nepal Indonesia  cattle Nepal Mongol ia
Shantung mountain _ Yunnan lowland

A Al 0. 632 0.667 0.757 0.615 0.677 0.667 0. 000
A2 0.711 0.972 0.810 0. 750 0.824 0.958 0. 692 0.677 0.667 0.933 1.000
A2dose 0.711 0.810 0. 750 0.824 0.958 0. 692 0.871 0.667 0.767 1.000
D 0.815 0.167 0.316 0.514 0.333 0.423 0.129 0.333 0. 067 0.100
H 0. 868 0. 308 0.419 0. 000
A 0..000. 0.011 0..145 0.324 0..292 0..385 0..065 0.333 0..000 0..000

B 11 0.158 0.024 0.077 0.000 0. 400
01 0. 263 0.276 0.500 0.538 0.484 0. 067 0. 000
01like 0. 368 0. 381 0.577 0.548 0. 000
04 0. 658 0. 667 0. 842 0.917 0.885 0.903 0.633 0. 800
Ylike 0.132 0.385 0.000
E'2like 0. 237 0.138 0.184 0.167 0. 308 0.258 0. 000
E'x 0..605 0.761 0.429 0.618 0.875 0.731 0.258 0..000 0..000

C C2like 0.211 0.119 0. 807 1.000 0. 000
X2 0.684 0.714 0.961 0.258 0.200

F Fa 0.526 0. 404 0. 881 0.653 0.132 0.708 0. 692 0. 000 0. 000 0. 100
F1 0. 895 0. 881 0.868 0. 851 0.833 0. 807 0.839 1.000 0.167
Fc 1. 000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Fcdose 0. 895 0. 862 0. 881 0. 855 1.000 0.833 1.000 0.839 1.000 0.167 1.000
Vi 0.289 0. 266 0.190 0.092 0. 041 0.042 0. 000 0. 000 0. 000 0. 000 0. 000
V2 0.526 0. 440 0..405 0.342 0.716 0.458 0.462 0.484 0.667 1..000 1..000

N S1 0.105 0.190 0. 462 1.000 0. 000
S2 0.053 0.286 0.538 1.000 0. 000
H 0.789 0.923 0.419 0. 200
H like 0. 658 0.714 0.802 0.833 0.923 0.355 0. 000
S1U1 0.158 0. 262 0.513 0.458 0. 462 1.000 0. 000 0. 000
U1 0.105 0.07 0.263 0. 250 0.038 0. 161 0. 000 0. 000
U2 0. 368 0.385 0.935 0. 000
S2U2 0..368 0.115 0.290

YA 21 0. 684 0.934 0.811 0.958 0. 962 0.774 0.663 0.767 1.000
Z1dose 0. 342 0.769 0.677 0.333
72 0.526 0.357 0.757 0.923 0.226 0. 667 0. 000

recognized : Swamp buffalo that is used for draft and
meat, and River buffalo that is used for dairy purposes.
Both types of water buffaloes lacked V antigens of the
F system, and all antigens of the Z system. River buf-
faloes lacked the S system antigens, but shared 35.5%
antigens with cattle. Swamp buffalo on the other hand
had S1, S2 and U2 antigens of the S system, which did
not differentiate the three antigens and were inherited
together as a unit. Swamp buffalo shared 50% of the
other antigens with cattle. The two types of Water
buffaloes have been given one scientific name Bubalus
bubalis, but their erythrocyte antigenic components
were independent from each other.

Goats shared 50% of antigens with cattle, but the
compositions of the antigens differed with breeds or
populations. Therefore the number of common anti-
gens between sheep and cattle must increase more than
34.4% if sufficient number of breeds are tested. Bezoar
that have been regarded as the wild ancestor of domes-
tic goats, were also screened for common antigens. No
discrepancy was observed between the results of do-
mestic goats and those of Bezoar.

Comparisons between two linear subtype antigens
revealed that subtype2 antigen had larger distribution
range than subtypel antigen (Tables 2, 3,4 and 5). The
V1 antigen in the F system was specific to cattle, while
the V2 antigen occurred in cattle, Bali cattle and Yak.
Similar distributions were observed between Al and A

2 antigen in the A system, and S1 and S2 antigen in the
S system (Table 5).

The 7’ antigen which had been reported to be carried
by the Zebu type (humped) cattle occurred in Asian
native cattle with a frequency of 0.071 (Mongolia, hump-
less type) and 0.385 (Filial ongole, humped type). Chi-
nese yellow cattle from Shantung did not have Z’ anti-
gen. Although classified as humped cattle, many local
types of Chinese yellow cattle are known in China. In
fact, the individuals tested in this study were seemingly
humpless. Bali cattle had the Z’ antigen but at low

frequencies.

A2 antigen

Only the A2 antigen was distributed among all the
seven species screened and is presumed to be one of the
most ancient antigens that existed before speciation.
All species/populations had the A2 antigen occurring
with a high frequency (0.7-0.8 in cattle and Bali cattle,
0.9-1.0 in Yaks and 0.8-1.0 in goat and sheep) except for
Swamp buffaloes. Swamp buffaloes from Indonesia, Phil-
ippines and Taiwan lacked the A2 antigen. However,
4-12.5% of the Swamp buffaloes from China, Thailand
and Vietnam possessed the A2 antigen. In contrast,
River buffaloes had the A2 antigen occurring at very
high frequencies. In fact all River buffaloes in Bangla-
desh and Vietnam had the A2 antigen.

In cattle, the A2 antigen consists of two kinds of
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Table 3 Observed frequencies of bovine red blood cell antigens in two types of water buffaloes

Blood type River type Swamp_type
System  Antigen Nepal Bangladesh Vietnam China Thai land Taiwan Japan Indonesia Philippines Vietnam
A Al 0. 750 0.762 0. 065 0. 061 0.0 0.0 0.0 0.0
A2 0.982 1.0 1.0 0.125 0. 061 0.0 0.0 0.0 0. 037
A2dose 0.179 0.2 0.524 0. 031 0.0 0.0 0.019
D 0.0 0.0 0.0 0.0
H 0.667 0.818 0.55 0.519
A 0.0 0.0 0.016 0.0 0.0 0.0
B 11 0.0 0.0
01 0.179 0.3 0.429 0.0 0.0 0.0
01like 0.4 0. 381 0.182 0.0 0.204
04 0.0 0.0 0.0
Ylike 0.0 0.0
E'2like 0.0 0.0 0.0
E' x 0.607 0.15 0.381 0.273 0.0 0.167
C C2like 0.0 0. 095 0.0 0.0 0.0
X2 0.0 0.061 0.0 0.0
F Fa 0.0 0.0 0.0 0.0 0.0 0.0
F1 0.232 0.619 0.234 0.0 0.2 0.0
Fc 1.0 0.938 1.0 1.0 1.0
Fcdose 0.65 0.938 0.575 1.0 1.0
V1 0.0 0.0 0.0 0.0 0.0 0.0
V2 0.0 0.0 0.0 0.0 0.0 0.0
S N 0.0 0.0 0. 061 0.625 0.0 0.13
S1like 0.0 0.0 0.0
S2 0.0 0.0 0. 061 0.625 0.0 0.13
H 0.0 0.0
H' like 0.0 0.0 0.0
S1U1 0.0 0.0 0.0 0. 061 0.625 0.0 0.13
U1 0.0 0.0 0.0 0.0
U2 0.0 0.0 0.061 0.625 0.0
S2U2 0. 625 0.0
YA 1 0.0 0.0 0.0 0.0
Z1dose 0.0 0.0 0.0
72 0.0 0.0 0.0

Table 4 Observed frequencies of bovine red blood cell antigens in goats and sheep

Blood type Goat Sheep
System Antigen Saanen Shiba Tokara Vietnam Indonesia Bezoar Corriedale Suffolk Vietnam
Nothern  Southern Northern
0.0 0.0 0.0
0
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A2
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antigenic molecule. One is a qualitative antigen that is antigen positive animals lacked the quantitative A2 ;
recognized by anti-A2 antibody, while the other is a similar to the relationships of subtypes. Of the two
quantitative antigen that is recognized by anti-A2 dose types of Water buffaloes, almost all individuals of
antibody®. These two antigens occurred in parallel in River buffalo had qualitative A2 antigen, while 50-80%
cattle, but in Bali cattle and Yaks, 10 to 20% of A2 of these animals lacked quantitative A2.
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Table 5

Interspecies distribution of two linear subtype antigens and Fc antigen

Scientific name

Subfami |y Bovinae Caprinae
Genus Bos Bubalus Capra Ovis
(Sub genus) (Bos) (Bibos) (Poephagus)
Shecies taurus Javanicus grunniens bubalis hircus alies
Common name Catt| Bali cattle Yak River buffalo Swamp buffalo Goat Sheep
Blood system Antigen
F V1 + - - - - - -
V2 + + + - - - -
Fc + + + + + - -
A Al + + - + + - -
A2 —+ + + + + + +
S S1 + + - - + - -
S2 + + - - + + +
F system References . . .
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