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K-Casein gene frequencies support
subdivision and historical origin of

Argentine Creole cattle

C.D. Golijow, G. Giovambattista, M. Poli, F.N. Dulout and M.M. Lojo

ABSTRACT

Gene frequencies at the k-casein locus were estimated in six different herds (N = 180) of Argentinean Creole
cattle. The results showed a strong influence of subdivision and independent evolution on the divergence
of the observed gene frequencies. These results suggest that the population structure of these herds favor
the maintenance of polymorphism, which is of crucial importance for the long-time survival of populations.

INTRODUCTION

Anthropological and paleontological evidence
show that Bos taurus members of the bovidae family
were first introduced into America by Spanish
conquerors. When Cristobal Colén landed on La
Espafiola Island (Haiti and Dominican Republic) for the
second time, in 1493, he brought the first cattle to the
new world.

The founding population consisted of almost
300 animals belonging to the Iberian breeds Retinta,
Berrenda, Cacere and Black Andaluza (Primo, 1992).
Only a few years later, these cattle were taken to Central
and South America, and the southwest and southeast of
what is now the United States, spreading over the
continent. Since the introduction of these animals into

the new world, no crosses with other breeds have been

registered (Rabasa, 1993).

The Argentinean Creole cattle originated from
three different introductions. In 1549, Juan Nufez de
Prado introduced the first bovines from Potosi (Bolivia).
Later, Francisco de Aguirre brought his herds from
Chile through the Andes mountains and Juan de
Salazar, landing in Brasil, introduced more animals to
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the Argentine Pampas, from the north (Paraguay)
(Gilberti, 1961; Montoya, 1984).

After many years of natural selection, the
Creole cattle became wild, acquiring resistance to a
wide range of environmental conditions. This breed
shows a high level of phenotypic diversity and exhibits
a high degree of longevity, fertility and resistance to
many subtropical diseases (Guglielmone et al., 1991;
Rabasa, 1993; Hansen, 1994).

The actual Argentinean Creole cattle
population is divided into small subpopulations, with
a low degree of gene flow among them. Some are
located in isolated places, where human management
is almost excluded. This suggests that this breed could
be considered as a genetic reservoir for a species under
high selective pressure elsewhere.

K-casein is one of the four casein proteins found
in milk (Jenness et al., 1956; Whitney et al., 1976; Eigel et
al., 1984; Boland et al., 1992). Gene and genotype
frequencies of the k-casein locus have been studjed by
polymerase chain reaction and restriction fragment
length polymorphisms (PCR-RFLP) methods (Rogne et
al., 1989; Damiani et al., 1990, Denicourt et al., 1990;
Pinder et al., 1991; Agrawala et al., 1992). Only two milk
protein variants, A and B, have been identified and they
occur in every breed, suggesting that this is a very
ancient polymorphism. A comparative study between
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different bovine breeds has shown that certain breed
groups could be readily differentiated by means of
K-casein gene frequencies (Baker and Manwell, 1980).

MATERIAL AND METHODS

Peripheral blood was sampled from 30
Argentinean Creole cattle from each of six herds (Table
I). These herds are situated in quite different
geographical locations. In particular, two of these herds
(Chasquivil and Arroyo del Medio) have been isolated
by geographical barriers for a long period (Table I).

Genomic DNA was isolated from white blood
cells according to the method of Sambrook et al. (1989).
Animals were chosen at random from each herd, and
DNA samples were typed for the k-casein (k-Cn) locus,
using the PCR-RFLP method, described by Agrawala et
al. (1992).

Table I - Historical origin of each Argentinean Creole cattle
population.

Subpopulation Historical origin

Balcarce Derived from a population located in the
center-north (INTA Leales, Tucuman)

Las Acacias Derived from two different populations

(INTA Leales and Buenos Aires Province)

Cruz de Guerra Multiple origins, including INTA Leales

Concordia Derived from a population located in the
northeast (Romero herd)

Chasquivil Population under geographical isolation in
a high altitude grassland for more than 25
generations

Arroyo del Medio Population located in the northwest (Jujuy

and Salta Provinces)

Table II - Gene and genotype frequencies of k-Cn locus, values of Fisk and x* test of
Hardy-Weinberg equilibrium for each subpopulation and the whole population.

Reaction conditions

The PCR amplification was carried out in 50 p,
in a Perkin-Elmer thermal cycler, according to the
following reaction conditions: 10 mM Tris-HCL, pH =8,
50 mM KCl, 1.5 mM MgCl, and 0.1% Triton X100, 100
uM of each dNTP, 1.25 U of Taq polymerase, 0.5 uM of
each primer (5'-GTGACAAAATAGCCAAATAT-3" and
5-ACAGATTTAATTTATCCATCT-3’) and 100 ng of
genomic DNA. A 4-min denaturation step at 94°C was
followed by 30 cycles with denaturation at 94°C (1 min),
annealing at 55°C (1 min 30 sec) and extension at 72°C
(2 min). The last polymerization step was extended to
10 min at 722C. Samples of PCR products (5 pl) were
digested with Hae III according to the manufacturer’s
recommendations.

The restriction fragments were analyzed by
electrophoresis (100 V, 30 min) in TBE buffer with
ethidium bromide stained 3% agarose gels.

Genetic structure analysis

The Wright's fixation index Fj, (Wright, 1931;
Nei, 1987) was used to estimate the deviation from
Hardy-Weinberg equilibrium in each subpopulation
and in the whole population.

Heterogeneity was tested by a -square
contingency table. An angular transformation of each
sample gene frequency was used to detect specifically
which gene frequencies differed from each other,
according to Zar (1984).

RESULTS

The observed genotypic frequencies did not
deviate from the predicted Hardy-Weinberg equilib-
rium values in each herd (Table II). However, the ob-
served equilibriums for each herd were different, sug-
gesting that the different subpopulations reached dis-
tinct adaptive peaks. The Fisk statistic showed negative
values in all the herds except Cruz de
Guerra, suggesting a tendency towards
the heterozygotic form (Table II).

The population gene frequencies

Subpopulation A B AA AB BB Fisk x>  were obtained by pooling the observed
gene frequencies from each subpopula-
Balcarce 0821 0179 0641 0359 0000 0210 1874 G qpoolmn el population fre-
Cruz de Guerra 0725 0275 0550 0350 0100 0.122 0.298 . . :
Las Acacias 0806 0194 0610 0380 0000 -0240 1050 Juencies did not deviate from Hardy-
Concordia 0595 0405 0333 0524 0143 0087 0159 VVeinberg equilibrium expectations.
Chasquivil 0565 0435 0291 0548 0161 -0.110 0410 However,the Fsrstatistic was quitehigh,
Arroyodel Medio 0516 0484 0281 0469 0250 0062 0121 with a highly significant value (FsT =
Pooled Data 0647 0353 0466 0483 0111 -0.058 0615 0.071; P <0.01); suggesting a high degree

of heterogeneity.
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In order to detect which gene frequencies
differed from each other, an angular transformation of
each gene frequency was used (Table III). The
comparison revealed that the herds could be classified
into two groups. One of these groups (Balcarce, Cruz de
Guerra and Las Acacias) showed x-Cn A gene
frequencies higher than 0.7, whereas in the other group
(Concordia, Chasquivil and Arroyo del Medio) this
value was lower than 0.6. However, the gene
frequencies estimated for Cruz de Guerra, which was
classified in the first group, showed no significant
differences from the two subpopulations belonging to
the other group (Chasquivil and Concordia) (Table III).

Table III - Multiple comparison of gene frequencies using arcsin
transformation to determine which frequencies were different from
each other.

Subpopulation B C Ac Ch ER AM
B R

C 2.936 -

Ac 0.619 1.982 -

Ch 7.553** 3,716  5.788*** -

ER 5.828** 2.672  4.560* 0.744 -

AM 8.694**  4.748* 6.793** 1.134 1.763 -

B = Balcarce, C = Cruz de Guerra, Ac = Las Acacias, Ch = Chasquivil,
ER = Concordia, AM = Arroyo del Medio.

* Critical value is qo.05, =, 6 = 4.030

***Critical value is qo.001, =, 6 = 5.619

Bold type indicates the defined groups.

The analysis of data from this system suggests
subdivision in the gene frequencies of the small wild
cattle populations and correlation with the origin of
each subpopulation. On the other hand, pooled data
from the six herds correspond with the gene frequencies
reported for Iberian breeds (Baker and Manwell, 1980).

DISCUSSION

Farm animals are not usually Mendelian
populations. Several factors such as inbreeding,
selection, breeding structure, etc. can disturb Hardy-
Weinberg equilibrium. In spite of these limitations
K-casein frequencies were in equilibrium in each herd
and the whole population of Argentine Creole cattle. By
contrast, other breeds present significant differences in
genotypic frequencies compared with the expected
frequencies (Poli and Antonini, 1991). In Argentine
Creole cattle the Fiy; analysis suggested a trend toward
an increment of heterozygosity, according to the theory
of finite population dynamics (Crow and Kimura,

1970), since the effective number in each herd was quite
small.

From the time the first animals arrived in the
Argentina untilabout a hundred years ago, Creole cattle
formed one large population, with a high degree of
natural and artificial vagility, spreading all over the
country. Near the end of the last century, European
immigrants brought other European cattle breeds.
Afterwards, Creole cattle populations were restricted to
peripheral areas and split into finite populations. The
introduction of Bos indicus (1930) displaced Creole cattle
populations, increasing their subdivision. The actual
population size is now limited to approximately 300,000
head.

Our analysis of the k-Cn locus showed that the
Argentinean Creole cattle population has a high degree
of heterogeneity between subpopulations, evidenced
by Fgr statistic analysis. Such genetic heterogeneity
among subpopulations could be explained by several
factors, such as mating structure, finite population size,
genetic drift or selection. Thus, the population structure
of Argentinean Creole cattle could be relevant in the
maintenance of polymorphism, which is thought to be
crucial for the long-time survival of populations. In this
sense, our results suggest that Creole cattle could be
considered as a genetic reservoir.

The gene frequencies of A and B alleles could
be related to the original ancestors: the herds from
Balcarce, Cruz de Guerra and Las Acacias, belonging to
the same group, have been reported to be descendents
of a population found in northern Argentina (Table I).
Herds classified in the other group had three different
origins, Concordia originated in a population located in
the northeastern part of the country, the herd from
Chasquivil has been isolated in the high grasslands for
more than 25 generations, and the population from
Arroyo del Medio has been located for a long time in an
inaccessible site in the northwestern part of the country
(Table I). The multiple historical origin of the Cruz de
Guerra subpopulation could account for the gene

* frequencies observed in this herd, comparable to those

from Concordia and Chasquivil (Table III).

Analysis of data from a biallelic system, the
K-casein locus, made evident interesting features
concerning independent evolution of the creole cattle
herds studied. Moreover, the observed gene fre-
quencies reflected the ancestral trunk of each sub-
population studied.

The subdivision observed in Argentine Creole
cattle population could be taken as evidence of gene
frequency differentiation, a feature which is considered
relevant in conservation programs (Crow and Kimura,
1970)
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RESUMO

Asfreqiliéncias genéticas no locus da k-caseina foram
estimadas em seis diferentes rebanhos (N = 180) de gado
Creole argentino. Os resultados mostraram uma forte
influéncia de subdivisdo e evolugdo independente na
divergéncia de freqiiéncias génicas observadas. Estes
resultados sugerem que a estrutura populacional dos
rebanhos estudados favorece a manutengio do polimorfismo,
o qual é de crucial importancia para a sobrevivéncia a longo
prazo das populagdes.

REFERENCES

Agrawala, P.L., Wagner, V.A. and Geldermann, H. (1992).
Sex determination and milk protein genotyping of
preimplantation stage bovine embryos using multiplex
PCR. Theriogenology 38: 969-978.

Baker, A.C.M. and Manwell, C. (1980). Chemical classifica-
tion of cattle. I. Breed groups. Anim. Blood Groups Biochem.
Genet. 11: 127-150.

Boland, M.]., Hill, J.P. and Creamer, L.K. (1992). Genetic
manipulation of milk proteins and its consequences for
the dairy industry. Aust. Biotechnol. 26: 355-360.

Crow, J.F. and Kimura, M. (1970). Distribution of gene fre-
quencies in populations. In: An Introduction to Population
Genetics Theory. Burgess Publishing Company, Alpha
Editions, Minneapolis, USA, pp. 433-478.

Damiani, G., Levéziel, H., Martin, P., Leone, P., Pilla, F.,
Caccio, S. and Sgaramella, V. (1990). Characterization of
bovine casein genes by means of the polymerase chain
reaction. XXIIth International Conference on Animal
Genetics, East-Lansing. USA. 25-31 August 1990, Abstract
2.14.

Denicourt, D., Sabour, M.P. and Mcallister, AlJ. (1990)_.
Detection of bovine K-Casein genomic variants by the the
polymerase chain reaction method. Anim. Genet. 21:
215-216.

Eigel, W.N., Butler, J.E., Ernstrom, C.A,, Farrell Jr., H.M.,
Harwalkar, V.R., Jenness, R. and Whitney, R. Mcl
(1984). Nomenclature of proteins of cow’s milk: Fifth
revision. J. Dairy Sci. 67: 1599-1631.

Gilberti, H. (1961). Historia Econémica de la Ganaderia
Argentina. Hyspamérica. Solar/Hachette, Buenos Aires,
Argentina, pp. 10-13.

Guglielmone, A.A., Mangold, A.J., Aguirre, D.H., Bermu-
dez, A.C. and Gaido, A.B. (1991). Comparacién delaraza
criolla con otros biotipos bovinos respecto al parasitismo
por Boophilus microplus e infecciones naturales de Babesia
bovis, Babesia bigemina y Anaplasma marginale. In: Ganado
Bovino Criollo (Asoc. Criad. Criol. Argent., eds.).
Orientacion Grafica Editora, Buenos Aires, Argentina,
Tomo 2, pp. 1-6.

Hansen, EW. (1994). Ganaderia Bovina de Raza Criolla en el
Noroeste Argentino. Universidad Nacional de Jujuy, San
Salvador de Jujuy, Argentina, pp. 150.

Jenness, R., Larson, B.L., Mcmeekin, T.L., Swanson, A.M.,
Whitnah, C.H. and Whitney, R. Mcl. (1956). Nomen-
clature of the proteins of bovine milk. J. Dairy Sci. 39: 536.

Montoya, A. (1984). Como Evolucioné la Ganaderia en la Epoca
del Virreinato. Plus Ultra Ed., Buenos Aires, Argentina, pp.
220.

Nei, M. (1987). Molecular Evolutionary Genetics. Columbia
University Press Ed., New York. pp. 512.

Pinder, S.J., Perryb, N., Skidmore, C.J. and Savva, D. (1991).
Analysis of polymorphism in the bovine casein gene by
use of the polymerase chain reaction. Anim. Genet. 22:
11-20.

Poli, M.A. and Antonini, A.G. (1991). Genetic structure of
milk proteins in Argentinean Holstein and Argentinean
Creole Cattle. Hereditas 115: 177-182.

Primo, A.T. (1992). El ganado bovino ibérico en las Américas:
Quinientos afios después. Arch. Zootec. (extra): 421-432.

Rabasa, C.E. (1993). Comportamiento comparativo del
ganado Criollo. In: Ganado Bovino Criollo (Asoc. Criad.
Criol. Argent., eds.). Orientacién Gréfica Editora, Buenos
Aires, Argentina, Tomo 3, pp. 14-17.

Rogne, S., Lien, S., Vegarud, G., Steine, T., Langsrud, T. and
Alestrom, P. (1989). A method for k-casein genotyping of
bulls. Anim. Genet. 20: 317-321.

Sambrook, J., Fritsch, E.F. and Maniatis, T. (1989). Molecular
Cloning: A Laboratory Manual. Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY, pp 1626.

Whitney, R. Mcl,, Brunner, J.R., Ebner, K.E., Farrell Jr,, HM.,
Josephson, R.V., Morr, C.V. and Swaisgood, H.E. (1976).
Nomenclature of the proteins of cow’s milk: Fourth
revision. J. Dairy Sci. 59: 795.

Wright, S. (1931). Evolution in Mendelian populations.
Genetics 16: 97-159.

Zar, ].H. (1984). Biostatistical Analysis. Prentice-Hall Inc.,
Englewood Cliffs, NJ, USA, pp. 718.

(Received September 12, 1995)



