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Genetic polymorphism of milk proteinloci in Argentinian Holstein cattle

Adriana Gloria Bonvillani, Miguel Angel Di Renzo and Ivan Nicolés Tiranti

Abstract

Someallelesof milk proteinloci are associated with superior cheese production characteristics. The genetic polymorphism of themilk
proteinloci o,,-casein, B-casein, k-casein and B-lactoglobulin was examined in Argentinian Hol stein cattle. Samplesfrom 12 herds of four
regions of Cordobawere analyzed by starch gel electrophoresis. They? test was used to assess whether the popul ationswerein Hardy-
Weinberg equilibrium. Genotypic diversity was analyzed by the Shannon-Weaver index. The observed genotypic frequencieswereana-
lyzed by Hedrick’ sgeneticidentity and the genetic distance of Balakrishnan and Sanghvi. Theallelicand genotypic frequenciesweresimilar
to those of other Holstein popul ations. The genotypic frequenciesof the o.,-casein and B-casein loci werein equilibrium, whereasin some
popul ationsthe k-casein and B-lactoglobulin loci were not. According to the Shannon-Weaver index thetota genetic diversity withineach
herd was greater than 96%. The high values of identity agreed with thelow genetic distances among popul ations. We conclude that there
isextensive genetic homogeneity in Holstein cattlein Cérdoba Province and that it would befeasibleto select for B alleles at the k-casein
and 3-lactoglobulinloci in order toimprove the quality of milk availablefor cheese manufacturing.

INTRODUCTION

Themilk proteins a,-casein, B-casein, k-casein and
B-lactoglobulin are determined by theloci CASA1, CASB,
CASK and LGB, respectively. Each of theseloci has dif-
ferent allelescoding for several genetic variants of the cor-
responding protein. The o,-casein locus has three main
aleles(A, B and C). Allele A isfound in Red Danish cattle
and also istypical of the Holstein breed, but at very low
frequencies. Allele B predominates in European breeds,
whereas allele Cisfrequent in zebu breeds, but absent in
Holsteins. An additional variant D isreported to occur in
French and Italian breeds (Thompson et al., 1962; Li and
Gaunt, 1972). The most widely distributed alleles of the
B-casein locus are the A and B dleles, the former being
present at higher frequenciesthan thelatter. The C variant
of the o,-casein locusisfound in some European breeds
but not in Hol steins (Aschaffenburg and Drewry, 1955; Li
and Gaunt, 1972). The k-caseinlocushasonly two aleles,
A and B, with x-casein A being morefrequent than x-casein
B inamost all breeds (Neelin, 1964; Li and Gaunt, 1972).
AllelesA and B of the B-lactoglobulin locus are universal -
ly present, with apredominance of B in most breeds. Two
other alleles, C and D, are typical of Jersey and French
cattle, respectively (Aschaffenburg and Thymann, 1965;
Kiddy et al., 1972; Li and Gaunt, 1972). Numerous studies
haveinvestigated the genetic polymorphisms of milk pro-
teinloci inavariety of cattle breeds(McLean et al., 1984;
Ng-Kwai-Hang et al., 1984, 1986; Tejedor et al., 1986;
Grosclaude, 1988; Van Eenennaam and Medrano, 1991;
Silvaand Del Lama, 1997). In Argentina, such polymor-
phisms werefirst studied by Poli and Antonini (1991) in

Creoleand Argentinian Holstein cattle, thelatter being the
most important dairy breed inthiscountry.

Several studiesthat have examined theloci involved
in the genetic control of milk proteinsin cattle have con-
cluded that the alleles of theseloci may be used asgenetic
markersof quantitativetrait loci (QTL) for milk yield, com-
position and quality. For the o,-casein locus, the presence
of the B alele increases milk and fat yields aswell as 3-
casein and k-casein contents. Similarly, theB alleleisas-
sociated with greater fat and proteinyieldsinthe 3-casein
locus. The B allele of the x-casein locus also leads to su-
perior milk and protein yields. For the B-lactoglobulin|o-
cus, allele A is associated with higher milk and protein
yields, whereasthe B alleleisassociated with fat and pro-
tein concentrations (McLean et al., 1984; Ng-Kwai-Hang
etal., 1986; VVan Eenennaam and Medrano, 1991; Bovenhuis
et al., 1992). Milk from cattle with B alleles for the loci
B-casein, k-casein and B-lactoglobulinisbetter for cheese
manufacturing because of itsgreater content of dry matter
which reflects the high fat and protein content (Marziali
and Ng-Kwai-Hang, 1986; Morini et al., 1982).

Our objetivewasto andyzethe genetic polymorphism
and the genetic variability distribution of milk proteinloci
in Holstein cattle of Cérdoba Province, Argentina.

MATERIAL AND METHODS

Thirty samplesper herd were collected from 12 herds
from the four main dairy cattle regionsin Cérdoba Prov-
ince (Table ). Identification of the genetic variants was
performed by starch gel electrophoresis at alkaline pH
(KimandBird, 1972). Alldic frequencieswere determined
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by direct counting. The %2 test was used to check whether
the populationswerein Hardy-Weinberg equilibrium.

The genotypic frequencieswere used in subsequent
analyses because of the closelinkage among the caseinloci
(Threadgill and Womack, 1990). The Shannon-Weaver di-
versity index (I') was used to quantify the genetic diversity
for each locus within and among herds and regions.
Lewontin (1972) adapted this ecological measure to cal-
culate genetic diversity in human populations. The milk
protein genotypic frequencieswere analyzed using the di-
versity index I, defined as:

I =- i p; log p, with ﬁ p=1
i=1 i=1

where p, istherel ative genotypic frequency at thei"locus
from each herd and region and n is the number of geno-
types. The partitioning of the total intra- and intergroup
diversity was based on the mean diversities of the herds
(I'y) orregions(l’); thediversity I' - was cal culated from
the sum of p..

The observed genotypic frequencies were analyzed
by the geneticidentity measures of Hedrick (1971) and by
the distance coefficient of Balakrishnan and Sanghvi
(1968). These indices were used to calculate the identity
and distance among herds and regions. The results were
summarized in amatrix derived using the unweighted pair
group method, with arithmetic meansclustering or UPGMA
(Sneath and Sokal, 1973).

RESULTS AND DISCUSSION

Theo,-caseinlocushad no AA or CC genotypes. The
allelic form o,-casein A was not found in this study, al-
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though it is commonly present at low frequenciesin this
breed. The B variant predominated at thislocus (Tablel).
Themost common genotype at the B-casein locuswas AA
(Tablel). AB heterozygosity occurred at alow frequency;
therewereno BB animals. Thek-casein A variant wasthe
most important variant at thislocus (Table I) and the k-
casein AA genotypewas morefrequent thanthe AB or BB
genotype. Approximately half of the cowswere heterozy-
gous (AB) at the B-lactoglobulin locus, with aslight pre-
dominance of the B-lactoglobulin B allele (Table). The
alelic and genotypic frequenciesin Argentinian Holstein
cattle from Cordobawere similar to those for other stud-
ies of this breed in other countries (Aschaffenburg and
Drewry, 1955; Li and Gaunt, 1972; Ng-Kwai-Hang et al.,
1984; Poli and Antonini, 1991; Van Eenennaam and
Medrano, 1991). High frequenciesfor the o.,-casein B and
B-casein A alleles (closeto the fixation limit) have been
reported previoudly for Holstein cattle (Ng-Kwai-Hang et
al., 1986; Van Eenennaam and Medrano, 1991). Sincethese
allelesare associated with milk and fat yields, along-term,
intensive selection aimed at improving milk production
might have indirectly increased their frequencies (Ng-
Kwai-Hang et al ., 1986). The predominance of the x-casein
A dlelecannot be explained by selection sinceitisthe k-
casein B alelethat isassociated with high fat and protein
contents. A possible cause may bethelinkage present among
casein alleles since the most frequent haplotype is o.y-
caseinB - B-casein A - x-casein A.

The genotypic frequencies observed in most of the
herds and regionswere within the Hardy-Weinberg expec-
tations for the o,-casein and -casein loci (Table 1) in
agreement with other studies(Li and Gaunt, 1972; Ng-Kwai-
Hang et al., 1984; Poli and Antonini 1991). Therewas a

Tablel - Allelicfrequencies at the o.,-casein, B-casein, x-casein and B-lactoglobulinloci in
Holstein herd milk together with the x? test for Hardy-Weinberg equilibrium.

Herds o -casein B-casein K-casein B-lactoglobulin
B X2 A X2 A X2 A X2

Coronel Moldes 1 100 - 098 N.S 0.73 N.S 052 N.S
Coronel Moldes 2 095 N.S. 097 N.S. 0.75 >k 035 N.S.
Coronel Moldes 3 098 N.S 097 N.S 080 * 047 N.S
Coronel Moldes 4 097 N.S. 095 N.S. 0.75 * 042 N.S.
Coronel Moldes5 095 N.S 095 N.S 0.78 N.S 040 *
VillaMaria6 098 N.S. 097 N.S. 077 * 038 N.S.
VillaMaria7 097 N.S. 098 N.S. 0.78 * ok 041 N.S.
Devoto 8 097 N.S. 097 N.S. 077 N.S 045 N.S.
Devoto 9 098 N.S. 098 N.S. 0.78 N.S. 048 *
LaCarlotal0 097 N.S. 100 - 073 N.S. 039 N.S.
LaCarlotall 095 N.S. 093 N.S. 0.75 N.S. 045 N.S.
LaCarlotal2 095 N.S. 097 N.S. 077 * 048 N.S.
Regions

Coronel Moldes 097 N.S. 096 N.S. 0.76 >k 043 N.S.
VillaMaria 098 N.S. 098 N.S. 0.78 *k 0.39 N.S.
Devoto 098 N.S. 098 N.S. 0.78 N.S 047 *k
LaCarlota 096 N.S. 097 N.S. 0.75 *k 044 N.S.
Total 097 N.S. 097 N.S. 0.76 *k 043 N.S.

N.S., Nonsignificant. *P< 0.05. **P< 0.01.
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departure from equilibrium for the x-casein and 3-lacto-
globulinloci in some populations (Table ). This signifi-
cant deviation from equilibrium at the x-caseinlocusin six
herds from Coronel Moldes, VillaMariaand La Carlota
resulted from agreater proportion of homozygousAA cows
in these populations which may reflect the linkage noted
above. The herds Coronel Moldes5 and Devoto 9 and the
Devoto region did not follow the expected genotypic pro-
portions at the 3-lactoglobulin locus because of a higher
frequency of homozygous BB intheformer and an excess
of heterozygousanimalsin thelatter two populations. This
predominance of AB individualswasreported previously
by Van Eenennaam and Medrano (1991) and wasexplained
asadifferencein the selective value of one of the alleles
at thelocus. Thisobservation could also haveresulted from
the sel ection pressure that has been applied in dairy cattle
for increased milk and fat production. Thesetraitsare as-
sociated with A and B respectively alleles at the B-lacto-
globulin locus. Therefore, the selection could have indi-
rectly maintained both alleles in the population and in-
creased the heterozygous frequency.

The Shannon-Weaver index cal culated for each locus
was highest for the B-lactoglobulin locus with values of
1.39in the herds and 1.42 among the regions; thetotal I’
valuewas 1.46. The |’ valuefor x-caseinwas 1.25 in the
herdsand at theregions, with atotal I’ of 1.26. For the o~
casein and B-casein loci, the value was 0.33 in the herds
and at the regions, with atotal I’ of 0.34 for both genetic
markers. Thisindex showed that most of the genetic varia-
tion was at the B-lactoglobulin and k-casein loci, each of
which had three genotypes (AA, AB and BB). Theformer
locus had greater genetic variation because of ahigher pro-
portion of heterozygotes that maintain the two alelesin
equally frequent proportionsin the populations. The latter
locus showed less variation because of the predominance
of AA genotypeandtheA alele. Thegenetic diversity for
o-casein and B-casein loci was practically null because
the genotypes o,y -casein BB and 3-casein AA had frequen-
ciesgreater than 0.90.

According to the apportionment of the Shannon-
Weaver index for each locus over 90% of thegenetic varia-
tion occurred within each herd (Tablell). The contribution
to thetotal diversity of subdivisions among herdswithin
and among regionswasvery low. Considering thisindex as
the mean of thefour loci analyzed (Tablell), over 96% of
the genetic diversity occurred within each herd. Variation

resulting from subdivisionsamong herdswithin and among
regions contributed 0.4 and 2.8%, respectively, tothetotal
diversity. Most of the genetic diversity waswithin each herd
and there were no genetic differences among herds or re-
gions.

The high values of identity were congruent with the
low values for genetic distances among herds (data not
shown) and regions (Tablel1l). The matrix obtained using
the Hedrick index showed high val ues of genetic identity
among herds and regions. The identity values oscillated
from 0.950 to 0.998 in the herds and the identity among
regionsyielded valuesnext to 1 (Tablelll). The Balakrish-
nan and Sanghvi coefficient showed genetic distances be-
low 0.369 in the herds and the distances among regions
wererather low (Tablelll).

The herds Coronel Moldes 4 and Devoto 8 had the
lowest identity value (0.95) which agreed with the large
distance between them (0.37). A similar relationship was
not observed for the other extreme, wherethe highest iden-
tity was between herds VillaMaria6 and 7 (0.99) and the
lowest distance was between Coronel Moldes 5 and La
Carlota 11 (0.028); the next lowest distance was between
VillaMaria6 and 7 (0.031). Among regions, the identity
valuesweregreater than 0.98 and the distanceswere lower
than 0.14. Devoto region differed from the other threere-
gionswhich had similar identity and distance values. The
Hedrick identity index and the Balakrishnan and Sanghvi
distance coefficient reveal ed great genetic similarity among
herdsand regionsfor the genetic markers analyzed.

Theanalysesused to eva uate genetic variability, ge-
netic similarity and distance, gave similar results. Most of
thegenetic diversity at theseloci occurred within each herd
and there was no significant genetic differentiation among
herds and among regions. Thus, none of the 12 herds nor
thefour regions could beidentified solely by the frequen-
cies of the four milk protein loci studied. There was ge-
netic diversity among individuals but there was no genetic
differentiation among popul ations. This genetic homoge-
neity of the population could be explained by thefact that
there was a great genetic flow among herds and regions
dueto anintensive commercial interchange of individuals
among populations. It also appeared that the bullsfor arti-
ficid insemination were genetically different and that they
were used at random in populations. Thesetwo causesmain-
tain diversity among individuals but blur group identity
among subdivisions. Thisleads usto concludethat thisAr-

Tablell - Hierarchical Shannon-Weaver index of herds and regions.

Milk protein o -Casein B-casein K-casein B-lactoglobulin Mean

(I 095 098 099 095 0.960 Within herds
s-I" )¢ 002 002 0.00 0.02 0.004 Among herds
-9l 003 003 001 003 0.028 Among regions

Iy, I'sand I’ +: Herd, region and total diversity, respectively.
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Tablelll - Matrix calculated by Hedrick identities (below the diagonal)
and Balakrishnan and Sanghvi distances (above the diagonal) from
observed genotypic frequencies of milk protein loci in Argentinian

Holstein from different geographical regions of Cérdoba.

Coronel VillaMaria Devoto LaCarlota
Moldes
Coronel Moldes - 0.016 0.100 0.013
VillaMaria 0.998 - 0.138 0.045
Devoto 0.987 0.982 - 0.074
LaCarlota 0.998 0.995 0.992 -

gentinian Holstein group of cattle from Coérdoba consti-
tutesasingle population for theloci studied and that it has
apanmictic behavior, which was confirmed by the Hardy-
Weinberg equilibrium of the total genotypic frequencies
(Tablel).

According to the alelic frequencies determined in
thisstudy the alleles o,y -casein B and 3-casein A were near
thefixation limit and it would be difficult to change their
frequencies. In contrast, the frequencies of B-lactoglobu-
linand x-caseinloci could be altered. The selectionfor B
alelesat theseloci could possibly improve the quality of
milk for manufacturing processes. Thefrequency of B-lac-
toglobulin B was moderate and it would be possibletoin-
creasethisvariant within ashort period of time. Although
the x-casein B allele frequency waslow, it could also be
changed. Asthese two loci arelocated on different chro-
mosomes, linkage would not complicate sel ection favor-
ing thesealleles.

Of the total volume of milk (165 million liters/
month) produced by Holstein cattlein Cordoba province
in recent years, 60% was used in cheese manufacturing.
Thefindings of thisstudy suggest that it would bevery use-
ful to include the B-lactoglobulin and k-casein loci as ge-
netic markers for polygenic traitsin traditional breeding
programs designed to improvethe quality of milk. Consid-
ering the homogeneity of thisbreed, it would be possible
to establish the same selection program for al populations
by using bullswith BB genotypesin conjunction with arti-
ficial insemination and the progressive replacement of AA
cowswith AB and BB individuals.
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RESUMO

Alguns alelos de locos de proteinas do | eite associam-se
com producdo mais el evadade queijo. O polimorfismo genético

doslocosdasproteinasdo leite oy -caseina, B-caseing, k-caseina
e B-lactoglobulinafoi examinado em gado Holstein argentino.
Amostras de 12 rebanhos de quatro regides de Cordobaforam
analisados por eletroforese em gel de amido. O teste do ¥ foi
usado para avaliar se as populagdes estavam em equilibrio de
Hardy-Weinberg. A diversidadegenctipicafoi andisadapeloindice
de Shannon-Weaver. Asfrequiéncias genotipicas observadasfo-
ram anali sadas pel ai dentidade genéticade Hedrick epeladisténcia
genética de Balakrishnan e Sanghvi. Asfreqiiéncias aélicas e
genotipicasforam semel hantes as de outras popul agBes de Hol -
stein. Asfreqiiéncias genotipicas doslocos de o.,-caseina e -
caseinaestavam em equilibrio, enquanto que em algumas popu-
lagBes oslocos de k-caseina e B-lactoglobulinando estavam. De
acordo com o indice de Shannon-Weaver adiversidade genética
total dentro de cadarebanho foi maior que 96%. Osatosvalores
deidentidade concordaram com as pequenas di stancias genéticas
entre as popul agBes. Concluimos que hd extensahomogeneidade
genéticano gado Holstein naProvinciade Cérdobae que seria
factivel selecionar osalelos B noslocos de k-caseinae B-lacto-
globulinademodo amelhorar aqualidade do | eite disponivel para
amanufaturadequeijo.
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