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GENETIC VARIABILITY AND POPULATION STRUCTURE IN LOCI RELATED TO
MILK PRODUCTION TRAITS IN NATIVE ARGENTINE CREOLE AND
COMMERCIAL ARGENTINE HOLSTEIN CATTLE

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

ABSTRACT

Many cattle breeds have been subjected to high selection pressure for production traits. Consequently, population genetic
structure and allelic distribution could differ in breeds under high selection pressure compared to unselected breeds. Analy-
sis of k-casein, ag-casein and prolactin gene frequencies was made for Argentine Creole (AC) and Argentine Holstein (AH)
cattle herds. The calculated F, values measured the degree of genetic differentiation of subpopulations, depending on the
variances of gene frequencies.The AC breed had considerably more variation among herds at the o -casein and k-casein
loci. Conservation strategies should consider the entire AC population in order to maintain the genetic variability found in this
native breed.

INTRODUCTION Two allelic variants B andb) have been distinguished at
the DNA level, based onRsd polymorphism in the third
Genetic markers for milk production traits exon of the coding region. It has been suggested that pro-

lactin alleles correlate with milk yield (Lewat al, 1992).
Genetic selection of cattle by selective breeding
dates back to prehistoric times and has given rise to t@eecole cattle as a model of an unselected breed
diversity of current breeds. Primitive selection was based
on milk yield (Bolandet al, 1992). Many cattle breeds have been selected for differ-
Genes involved in milk production have been student production traits through high selection pressure. South
ied in populations of several breeds in order to find diffeAmerican Creole breeds were adapted to different envi-
ences between breeds or groups of breeds (Aschaffenbiumgments by natural selection after their introduction by
and Thymann, 1965; Baker and Manwell, 1980; Poli arlduropean conquerors in the middle of the 15th century
Antonini, 1992; Bolandkt al.,1992; Velmalaet al, 1993; (Rabasa, 1993; Guglielmorm al, 1991; Primo, 1992).
Medjugoracet al, 1994). Classifications were establishedJnselectedos tauruCreole cattle are difficult to find at
based on polymorphism. Correlation between allelic varihe present time since most of the Creole breeds frequently
ants of milk proteins and milk production has been prdrave been crossbred wiBos indicus However, the in-
posed by several authors (Ng-Kuai-Haz@l, 1984; Lin  trogression oBos indicusn Argentine Creole cattle (AC)
et al, 1986; Cowaret al, 1990; van der Bergt al, 1992; seems to be irrelevant since cytogenetic studies showed
Lien and Rogne, 1993), but the results obtained have rbé absence of the typical acrocenBas indicusyY chro-
always been consistent (Velmaigal, 1995). mosome (De Lucat al, 1997). Therefore, AC can be
Many genes are involved in milk production.defined as pure descendants of animals brought over by
Among them, caseins are the major constituents of to@panish conquerors.
milk proteins. In bovines, their genes are located within a The AC breed has passed through some bottlenecks
200-kb region in chromosome 6 (Ferredtial, 1990; in reaching the current equilibrium of about 300,000 ani-
Threadgill and Womack, 1990). Several DNA polymormals. The population structure and behavior of AC is quite
phisms have been found for each casein gene, most of thdifferent from other breeds. First, it is composed of sev-
based on previously described protein variants (Egel eral subpopulations, with a low number of individuals per
al., 1984). In addition, the polypeptidic hormone prolacherd (around 200 or 300 each). Second, some of these herds
tin is responsible not only for triggering lactation but alsare bred in subtropical dry forests, under rather wild condi-
for mammary gland growth and lactogenesis (Tucker, 198igns, where European breeds are poorly adapted (Rabasa,
Collier et al, 1984). This feature suggests that this locus993).
might be used as a genetic marker for milk production.
Argentine Holstein: a breed selected for
milk production
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Netherlands in 1883 (Inchausti and Tagle, 1967). Durirgize andp is the frequency of one allele. Deviation from
the last decades, animals, semen, and embryos have leardy-Weinberg expectations was tested Ryfikation
imported mainly from Canada and USA by Argentinéndex (Nei, 1987) using the formullag- hg)/he, where
breeders (Poli and Antonini, 1992), in order to improvhe andhg are the expected and observed heterozygosity
production traits. (fraction of heterozygotes) within each population. Dif-
AC and AH herds were compared through analyferences between the distributions of genotypic frequen-
sis ofk-caseino-casein and prolactin gene frequenciesies were tested usig analysis according to Nei (1987).

to determine if population genetic structure and gene fre- Standardized variance of gene frequencies within
quencies are different in breeds under high selection presch breed was calculated using thesEtistic as de-
sure compared to unselected breeds. scribed by Nei (1987), usintd - hy)/hg, wherehg andhy
are the heterozygosities in a subpopulation and in the total
MATERIAL AND METHODS population. The E values were tested ky analysis ac-
cording to Chesser (1983). For this analysis each breed
Blood samples was considered as a population, whereas each herd was

considered as a subpopulation.
Blood samples (10 ml) of 113 AH (three herds) and

180 AC (six herds) were collected in ACD as anticoagulant RESULTS
(0.48 g citric acid, 1.32 g sodium citrate and 1.47 g dex-
trose, water to 100 ml), from which genomic DNA was iso- Three genotypes were identified foccasein AA,

lated. DNA was extracted from leukocytes by proteinase KB, andBB) anda,-casein BB, BC, andCC) in both
digestion and extraction with phenol:chloroform:isoamyl abreeds (Table 1). Prolactin allédeseems to be almost fixed
cohol (25:24:1, viviv). DNA was precipitated with 1 M am4in AC, since theB allele was detected only in heterozy-
monium acetate and 100% ethanol. The DNA pellet wamte form.

then washed with 70% ethanol and suspended in water. Nonsignificant differences between breeds were
found for thek-casein locus (Figure 1). On the other hand,
Genotyping comparison of prolactin ared,;-casein genotypic frequen-

cies showed significant differences}fanalysis. A clearly

Genotyping ofk-casein and prolactin genes wassignificant difference in the gene frequenciesfgrcasein
performed by PCR-RFLP, whereag-casein was typed loci was observed. This could be related to the tight corre-
by PCR-SSP (sequence specific primers). To analyze thdon between alleles and milk yield. In fact, most dairy
K-casein locus, a 586-bp fragment covering the sequeriweeds have gene frequencies higher than 90&q faasein
containing the mutation site was amplified according B allele (Ng-Kuai-Hangpt al, 1984; Linet al, 1986).
the procedure proposed by Agrawafaal. (1992). The Results from E analysis indicated major differ-
amplicon was digested withinfl restriction endonuclease ences in the genetic architecture of the two breeds. The
to distinguishA andB alleles. A 156-bp fragment cover-different AH herds exhibited similar gene and genotypic
ing the sequence containing the polymorphism involvingequencies of the loci analyzed (Table II). The AC cattle
the B andb allelic types of prolactin gene was amplified
by PCR using the primers and procedure reported previ-
ously by Lewinet al. (1992). After amplification,

: . . . . Table I - Gene frequencies, standard errors of gene frequengies, F
genotyping of prolactin allelic variants was carried out by

statistic and Hardy-Weinberg equilibrium fercasein,

digesting the amplified fragment witksd restriction en- ag-casein and prolactin genes in Argentine Holstein (AH) and
donuclease. The -casein alleles were identified by PCR Argentine Creole (AC) cattle .
using sequence specific primers according to the procge- . _
duregprogosed by ICI;avid aF;\d Deutch (1992?. Resultsl? frcri'Ocus Breed Allelic frequencies SE o F X’
amplification or digestion of the amplified fragments were A B
analyzed by electrophoresis on 3% (w/v) agarose gels|ifrcasein  AH  0.656  0.344  0.032 -0.0250.097 ns
0.5 x TBE (100 v, 30 min), stained with ethidium brot AC 0647 0353 0.025 -0.109.000 ns
mide, and photographed under 320-nm UV light. B c
ag,-casein AH 0.923 0.077 0.027 0.0970.737 ns
Statistical analysis AC  0.747 0.253 0.023 0.0490.433 ns
_ B b
Gene frequencies for each herd and for the entir@rolactin AH 0129 0871 0.022 -0.0270.000 ns
population were estimated by direct gene count methad: AC  0.044 0956 0.011 -0.0810.000 ns

(nae + 2res)/2n, where g and g were the numbers of

AB and BB genotypes. Standard error of gene frequen&ies; F, andx* F index and deviations from the expected values, as

cies was calculated as((-p)/2n}?, wherenis the sample  described in Material and Methods.

ns: Nonsignificant differences; SE: Standard error of the gene frequen-
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X2=0.027 ns

Table Il - K, values and chi-square significance tests for the three loci
analyzed in Argentine Hosltein (AH) and Argentine Creole (AC) breeds.
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Figure 1 - Comparisons of genotypic frequencies ecasein o -casein

and prolactin loci between AH and AC breeds.

Breed AH AC
FST X FST X
K-casein 0.014 3.223 ns 0.066 25.151%**
a-casein 0.039 8.891 ns 0.09 34.361***
Prolactin 0.006 0.958 ns 0.036 13.730 ns
***P < 0.001.

showed a quite different genetic status, with strong differ-
ences between herds. In this breed, the values obtained for
the F, statistic per locus always were highly significant,
except for the prolactin locus, due to fixation of one allele
(Table II).

DISCUSSION

Studies on protein variation using electrophoretic
and molecular techniques have permitted the estimation
of two parameters of preeminent importance in evolution-
ary theory: a) the degree of genetic variability within popu-
lations, and b) the degree of genic differentiation between
populations (Aviset al, 1975). A variety of statistics have
been devised to measure genetic differentiation (or its op-
posite, genetic similarity) between populations. Genetic
divergence among populations of the same or different
breeds usually is quantified by fixation indice$-cstatis-
tics (Wright, 1955).

Assuming that both breeds (AH and AC) have simi-
lar limitations, Hardy Weinberg equilibrium could be com-
pared. The results showed that both breeds are in equilib-
rium for the loci analyzed. This fact could be considered
an indicator that artificial selection, at present, is not dis-
turbing the equilibrium of gene frequencies in these milk
production-related loci. No evidence of inbreeding was
found in AH, which is a highly selected breed, according
to the results obtained from analysis of averageaidfoss
subpopulations (Table I). Fdoes not directly detect in-
breeding. However, an increase in the fraction of homozy-
gotes (with a positive fj would be expected. The high
level of gene flow supported by sire exchange or artificial
insemination could be responsible for the low level of in-
breeding found in AH breed. In fact, a great similarity be-
tween different AH herds was shown hy Fesults. Gene
flow seems to be increasing the effective population size
of this breed in a way that all herds behave as replicates of
a master population widespread all over the country.

Different from AH genetic architecture, the AC
breed showed considerable difference between herds, as
revealed by E values obi_-casein and-casein loci (Table
I). Isolation and low levels of gene flow could be the main
causes of maintenance of this subdivided status. Given the
small size of each AC herd, genetic drift could be the
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mechanism originating genetic differentiation between AC ~ Anim. Sci59: 495-510.

populations. Differences in prolactin were also observé@"a" C:M., Dentine, MR, Ax, R.L.andSchuler, L.A. (1990). Struc-
b b d . his | did | b tural variation around prolactin gene linked to quantitative traits in
etween breeds (Figure 1). This locus did not reveal sub-  ,j gjite Holstein sire familyTheor. Appl. Gene?9: 577-582.

division in AC, sinceB allele seems to be almost fixed inbavid, V.A. andDeutch, A.H.(1992). Detection of bovine alfa-S1 genomic
all the herds (Table I). This fact could be explained by two  variants using the allele-specific polymerase chain reactiom.

i : : Genet.23 425-429.
hypotheses: 1) the same status for this locus in the foura)%-l_uca’ 3.C.. Golijow, C.D., Giovambattista, G., Diessler. Mand

ing _popUIationv and 2) SeIeCtiqn againStmlele in AC Dulout, F.N. (1997). Y-chromosome morphology and incidence of
during development of the original population. the 1/29 translocation in Argentine Creole buflseriogenology 47
Preservation of gene diversity in natural and farm = 761-764.

. . . . . _ . igel, W.N., Butler, J.E., Ernstrom, C.A., Farrell, H.M., Harwalkar,
animal populations is crucial for their long-term surviva W.R.. Jenness, Rand Whitney, R. (1984). Nomenclature of pro-

(Avise, 1994). As the population structures of AHand AC  teins of cow's milk: fifth revisionJ. Dairy Sci.67: 1599-1631.
differ, the scheme for conservation of genetic variabilit@uglieimone, A.A., Mangold, A.J., Aguirre, D.H., Bermudez, A.Cand
would necessar”y be different for each breed. AH genetic Gaido, A.B.(1991). Comparacion de la raza criolla con otros biotipos

. . . bovinos respecto al parasitismo Barophilus microplug infecciones
structure seemed to be maintained by a hlgh level of gene naturales dBabesia boviBabesia bigemina y Anaplasma marginale

flow, at least in the studied loci, which are related with  in: Ganado Bovino Criollo Orientacién Gréfica Editora, Buenos
milk production. In contrast, the gene pool (averaged gene  Aires, Argentina. Tomo 2, pp. 1-6.

frequencies) in the AC breed is the result of the individuéF”e“;n'glv 'S-;nge'thz %”o‘iisngeag;‘;'r'la' \e/-n(;zgg)ié'-:;gsrar\[‘g;é?ztgzcgon
contribution of each heard. Conservation strategy would 683:%'. 9 '

have to consider the whole population in order to mantaithausti, D.andTagle, E.C.(1967) BovinotecniaEl Ateneo, Buenos Aires.

the genetic variability found in this locally adapted breediewin, H.A., Schmitt, K., Hubert, R., van Eijk, M.J.T. andArnheim, N.
(1992). Close linkage between bovine prolactin and BoLA-DRB3

enes: genetic mapping in cattle by single sperm t omics
RESUMO %3: 44—4%]8. pping y single sp EGT

Lien, S.andRogne, S(1993). Bovine casein haplotypes: number, frequen-

Muitas ragas de gado foram submetidas a alta pressédo cies and applicability as genetic markeéxsim. Genet24: 373-376.

de selecdo para caracteres de producdo. Conseqiientemerit#; @Y. McAllister, A.J., Ng-Kuai-Hang, K.F. andHayes, J.F.(1986).
estrutura genética e a distribuic&o alélica da populacdo poderiam Effects of milk protein loci on first lactation production in dairy cattle.

. 3 ~ J. Dairy Sci 69: 704-712.
diferir em racas sob alta presséo de selecdo, quando Comparmaﬁjgorac, I., Kustermann, W., Lazar, P., Russ, Land Pirchner, F.

a ragas ndo selecionadas. Foi feita a analisketfigncias dos (1994). Marker derived phylogeny of European cattle supports demic

genes d&-caseinag -caseina e prolactina em rebanhos de gado  expansion of agriculturédnim. Genet25: 19-27.

Creole argentino (AC) e Hosltein argentino (AH). Os valores deei, M. (1987).Molecular Evolutionary GeneticgColumbia University

F., calculados mediram o grau de diferenciacdo genética de Press, New York.

subpopulacdes, dependendo de variacdes na freqiiéncia dos géifg€ua-tang, K.F., Hayes, J.F., Moxley, J.Eand Morandes, H.G.

A raga AC apresentou variagcao consideravelmente maior entre 0s (1984). Association of genetic variants of casein and milk serum pro-
. - i oo teins with milk, fat and protein production by dairy catfleDairy

rebanhos nos loci deg-caseina &-caseina. Estrategias de Sci 67 835-842.

conservagao devem considerar a populagéo inteira de AC de foms® M.A. and Antonini, A.G. (1992). Genetics structure of milk proteins

a manter a variabilidade genética encontrada nesta raga nativa.  in Argentinean Holstein and Argentinean Creole Catflereditas
115 177-182.
Primo, A.T. (1992). El ganado bovino ibérico en las Américas: 500 afios
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