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The objective of this study is to describe the gene frequency distribution of the
bovine lymphocyte antigen (BoLA)-DRB3locus in Saavedrẽno Creole dairy cattle
and to compare it with previously reported patterns in other cattle breeds. One
hundred and twenty-five Saavedreño Creole dairy cattle were genotyped for the
BoLA-DRB3.2allele by polymerase chain reaction and restriction fragment length
polymorphism. Twenty-two out of 53 previously identifiedBoLA-DRB3.2alleles
were detected, with gene frequencies ranging from 0.4 to 16.8%. Seventy percent of
the variation corresponded to the seven most frequent alleles (BoLA-DRB3.2*7,
*8, *11, *16, *27, *36, and*37). The studied population exhibits a high degree
of expected heterozygosity (he = 0.919). TheFI S index did not show significant
deviation from Hardy-Weinberg equilibrium. However, the neutrality test showed
an even gene frequency distribution. This result could be better explained assuming
balancing selection instead of neutral or positive selection for one or a few alleles.
In conclusion, the results of this study demonstrated thatBoLA-DRB3.2is a highly
polymorphic locus in Saavedreño Creole dairy cattle, with significant variation in
allele frequency among cattle breeds.
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INTRODUCTION

The bovine lymphocyte antigen (BoLA) system constitutes the major histocom-
patibility complex (MHC) of cattle. The genes located in the MHC class II region
encode glycoproteins that are composed ofα- andβ-chains and expressed on the
surface of antigen-presenting cells (Klein, 1986). These molecules bind processed
peptides in an endoterial compartment before being transported to the cell surface
where the class II molecules-foreign antigens are presented specifically to stimu-
late helper T-lymphocytes. This process initiates the immune response. Therefore,
MHC loci play an essential role in the immune response to foreign agents.

The MHC loci show a high degree of genetic polymorphism, presenting an
excess of nonsynonymous substitutions at peptide binding sites. In addition, the
allele frequency distribution is significantly more balanced than that expected for
selectively neutral alleles because of the effect of balancing selection. Moreover,
an excess of heterozygous individuals occurred, potentially as a consequence of
overdominant selection, and the persistence of allelic lineages is longer than that
expected for selectively neutral alleles (Hedrick, 1994).

In cattle, the BoLA-DR region is composed of oneDRA locus and at least
threeDRB loci, DRB1, 2, and 3. The BoLA-DRB3locus is expressed at high
levels while theDRB1is expressed at a low level.DRB2is a pseudogene (Burke
et al., 1991). Furthermore, theBoLA-DRB3gene exhibits a high degree of genetic
polymorphism that occurs predominantly at the peptide binding sites (codified by
exon 2) (Ellis and Ballingal, 1999).

The extensive structural polymorphism of the class II molecules is considered
a potential cause of differences among individuals in the immune response to
infectious agents. Furthermore, analysis ofDRB3.2polymorphism is of interest
because numerous associations betweenBoLAgenes and susceptibility/resistance
to infectious diseases like mastitis due toStaphylococcus aureus, bovine leukosis
virus lymphocytosis, and production traits (i.e., fertility) have been found (Dietz,
Dietzet al., 1997a,b; Lewin, 1994; Schmutzet al., 1992; Sharifet al., 1998).

The objective of this study is to describe the gene frequency distribution of
theBoLA-DRB3.2locus in Saavedre˜no Creole dairy cattle and to compare it with
previously reported allele frequencies in other cattle breeds. Information about
bovineMHC polymorphisms is important in the dairy industry sinceMHC con-
tributes substantially to fitness and resistance/susceptibility to disease. Therefore,
understanding ofMHC diversity could be useful to increase dairy production in
tropical regions where European dairy breeds perform poorly.

MATERIALS AND METHODS

Characteristics of the Studied Population

The Saavedra Experimental Station (Santa Cruz de la Sierra, Bolivia) was estab-
lished in 1970 with the aim of milk production improvement through selection
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of different Creole cattle breeds well adapted to humid tropical environments.
The founder group was made up of bovines belonging to different populations of
Creole cattle, commonly called Yacume˜no Creole cattle (El Beni, Bolivia),
Chaque˜no Creole cattle (Bolivian Chaco), dairy Caracu (Minas Gerais, Brazil),
Nicaraguan dairy cattle, and Cuban dairy Creole cattle. All animals were intro-
duced at the same time, and when the first generation was achieved, the Saave-
dreño population was isolated and bred as an outbreed herd without use of formal
crosses. Currently, the population includes about 300 adult animals (http://www.
fao.org).

The Saavedre˜no Creole is a humpless breed, with uniform coat color and
long horns (characteristic of American Creole cattle breeds). Males and females
have an average weight of 730 and 426 kg, respectively. This breed shows a high
degree of fertility and a trend to disease resistance, showing lack of mastitis and
foot problems. In addition, the Saavedre˜no dams can produce more than 1000 L
of milk in the first lactation in humid tropical environments. The animals are kept
outdoors (without housing) all year and maintained under extensive stationary
pastoral conditions with only a mineral supplement.

DNA Isolation

One hundred and twenty-five cattle of the Saavedre˜no Creole breed from the
Saavedra Experimental Station were genotyped for theBoLA-DRB3.2locus. These
animals represented all original lineages and were selected on the basis of avail-
able pedigree data. Approximately 10 mL of blood was collected from each animal
via the jugular vein. The whole blood was preserved in acid citrate dextrose so-
lution and stored at−70◦C. Genomic DNA was isolated from peripheral blood
lymphocytes by the DNAzol method (Invitrogen, Carlsbad, CA).

BoLA-DRB3.2Gene Amplification

The second exon of the locusBoLA-DRB3was genotyped through a heminested
PCR-RFLP method as previously described by van Eijket al. (1992). The first PCR
round was carried out in a final volume of 25µL containing: 10 mM Tris-HCl
(pH 8.0), 50 mM KCl, 1.5 mM MgCl2, 0.1% Triton X-100, 100 mM of each dNTP,
1µL of Taq polymerase (Invitrogen, Carlsbad, CA), 0.5 mM of each HL030 and
HL031 primers, and 100 ng of DNA. The cycling conditions were as follows: an
initial denaturation step of 4 min at 94◦C followed by 9 cycles of 1 min at 94◦C,
2 min at 60◦C, and 1 min at 72◦C. The last polymerization step was extended for
10 min at 72◦C.

Two microliters of the amplicon from the first reaction was transferred to a
new tube with 48µL of PCR buffer containing primers HL030 and HL032, and
2µL of Taq polymerase at the same concentrations as described above. The cycling
conditions for the second round of PCR were as follows: 20 cycles of 1 min at
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94◦C and 90 s at 65◦C, as the annealing-extension step. The last polymerization
step was extended for 4 min at 72◦C.

PCR-RFLP Analysis of theBoLA-DRB3Second Exon

The polymorphism of the second exon of theBoLA-DRB3gene was analyzed by
restriction fragment length polymorphism (RFLP). Twelve microliters from the
second PCR round was digested with 2.5µL of HaeIII (Invitrogen, Carlsbad, CA),
BstYI (New England BioLab, Beverly, MA), andRsaI (Invitrogen, Carlsbad, CA)
restriction enzymes and in separated reactions with a final volume of 17µL. As a
size marker, aMspI digest pBR322 was used (New England BioLab, Beverly, MA).

Polyacrylamide Gel Electrophoresis

The restriction fragments were electrophoresed in 6%/1X TBE (19:1) acrylamide-
bisacrylamide minigels for 35 min at 170 V, stained with ethidium bromide (1.0
µg/mL), and visualized under UV light. The gels were photographed with a digi-
tal camera (DC40, Kodak, Rochester, NY) and analyzed with 1D Image Analysis
software (Kodak, Rochester, NY). The alleles were identified taking into account
the combination of restriction patterns (http://www2.ri.bbsrc.ac.uk/bola/) and des-
ignated according to the allele nomenclature proposed by van Eijket al. (1992).

Population Genetic Analysis

Gene and genotypic frequencies were estimated by direct counting. Deviations
from Hardy–Weinberg (HW) equilibrium were estimated by theFIS parameter
(Weir and Cockerham, 1984). The significance of this statistic was measured by
the Markov Chain method (Gou and Thompson, 1992). The amount of gene di-
versity in the studied breed was measured by the number of alleles (na) and the
unbiased expected heterozygosity (he) according to the formula proposed by Nei
and Roychoudhury (1974). The Ewens–Watterson–Slatkin exact neutrality test
was estimated using the method described by Slatkin (1996). The Arlequin 2.0
program (Schneideret al., 2000) was used to estimate the parameters mentioned
above.

RESULTS AND DISCUSSION

At population levels, considerable gene frequency data are available forBoLA-
DRB3(Aravindakshan and Nainar, 1999; Dietzet al., 1997a,b; Gilliespieet al.,
1999; Giovambattistaet al., 1996; Maillardet al., 1999; Sharifet al., 1998). These
studies have involved highly selected breeds, such as Holstein, Black Pied, Ayr-
shire, and Jersey (Dietzet al., 1997a,b; Gilliespieet al., 1999; Sharifet al., 1998;
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Table I. Gene Frequency Distribution ofBoLA-DRB3.2Alleles Detected in Saavedre˜no Creole Dairy
Cattle

Allele Frequency Allele Frequency Allele Frequency

DRB3.2*1 0.0120 DRB3.2*16 0.1680 DRB3.2*27 0.0840
DRB3.2*5 0.0280 DRB3.2*18 0.0400 DRB3.2*29 0.0080
DRB3.2*6 0.0040 DRB3.2*20 0.0200 DRB3.2*34 0.0120
DRB3.2*7 0.0760 DRB3.2*21 0.0480 DRB3.2*35 0.0080
DRB3.2*8 0.0920 DRB3.2*22 0.0240 DRB3.2*36 0.1160
DRB3.2*10 0.0160 DRB3.2*23 0.0240 DRB3.2*37 0.0800
DRB3.2*11 0.0840 DRB3.2*24 0.0240
DRB3.2*15 0.0240 DRB3.2*25 0.0080

Udinaet al., 1998). Also, Argentine Creole and Martinique Brahman cattle breeds
have been analyzed for this locus (Aravindakshan and Nainar, 1999; Giovambat-
tistaet al., 1996; Maillardet al., 1999).

In the present work, 22 out of the 53 previously reportedBoLA-DRB3.2
alleles were detected in the studied sample of Saavedre˜no Creole cattle. As shown
in Table I, 70% of the cumulative gene frequencies corresponded to the seven
most common alleles, which are defined as variants with gene frequencies higher
than 5% (DRB3.2*16, *36, *8, *11, *27, *37, and*7). An additional 11 patterns
were detected with frequencies between 1 and 5% (DRB3.2*21, *18, *5, *15, *22,
*23, *24, *20, *10, *1, and*34), while the remaining 4 variants exhibited gene
frequencies lower than 1% (DRB3.2*25, *29, *35, and*6).

Comparison between the present results with the allele spectrum and the gene
frequencies profile previously reported in other cattle breeds showed the following.
First, in the previously studied breeds, cumulative gene frequencies of the most
frequent (>0.05) alleles varied from 70 to 88.7%, while the frequency of the most
abundant variant ranged from 14.3 to 37.6%. Values in the Saavedre˜no Creole
cattle were close to the lowest limits for both ranges (70 and 16.8% respectively;
see Tables I and II). Second, the identified alleles as well as the composition of
alleles with higher frequencies differed significantly between breeds (Table II).
Saavedre˜no Creole cattle share one to four high-frequency alleles with the other
previously studied cattle breeds.

As expected, the high number of alleles with appreciable gene frequencies
detected in the Saavedre˜no Creole cattle resulted in a high value of heterozygosity
(Table II). The high degree ofBoLA-DRB3.2polymorphism (measured through
na andhe parameters) estimated for this breed is similar to those values previ-
ously reported in other bovine cattle breeds, such as Holstein, Jersey, Aberdeen
Angus, Ayrshire, Black Pied, and Brahman (Dietzet al., 1997a,b; Gilliespieet al.,
1999; Golijow, 1996; Maillardet al., 1999; Sharifet al., 1998; Udinaet al.,
1998) (Table II). However, thehe value seems to be quite high for Creole cattle
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Table II. The Number of Alleles and the Value of Expected Heterozygosity Observed in the Saavedre˜no
Creole, the Argentine Creole, Jersey, Holstein, and Martinique Brahman Cattle Breeds

Breed na he na
a %a Alleles with gene frequency higher than 0.05 N

Saavedre˜nob 22 0.919 7 70.00DRB3.2*16, *36, *8, *11, *27, *37, *7b 125
Argentinec 21 0.870 6 72.80DRB3.2*5, *15, *18, *20, *24, *27c 194
Aberdeen Angusd 16 0.870 6 76.60DRB3.2*36, *8, *4, *15, *22, *20, *10d 65
Jerseye, f 24 0.895 7 79.40DRB3.2*8, *10, *15, *17, *21, *36, *ibef 172

13 0.886 6 81.00DRB3.2*7, *10, *17, *21, *28, *32g 66
Holsteine,g 26 0.741 7 88.70DRB3.2*3, *7, *8, *11, *16, *22, *23, *24, 1100

27 0.872 7 76.20*27e,g 835
24 0.932 7 64.40 115

Ayrshireh 18 0.821 5 77.10DRB3.2*8, *7, *28, *8, *10, *24h 129
Black Piedh 21 0.904 8 81.20DRB3.2*22, *24, *11, *16, *18, *23, *8, *27h 127
Brahmani 37 0.843 ND ND ND 568

Note. na= number of alleles,he= heterozygosity,N = sample size. ND= Not determined.
ana and cumulative gene percentage (%) of alleles with gene frequency higher than 0.05.
bPresent work.
cGiovambattistaet al. (1996).
dGolijow (1996).
eDietzet al. (1997a,b).
f Gilliespieet al. (1999).
gSharifet al. (1998).
hUdinaet al. (1998).
i Maillard et al. (1999).

(Giovambattistaet al., 1996), probably because the founder group was constituted
with animals from different Creole cattle populations.

In spite of the small population size of Saavedre˜no Creole cattle (n = 300
adult animals) and artificial selection for dual-purpose production (dairy and beef)
in this breed during the last 30 years, our results reveal that this breed exhibits
a high degree of genetic variation at theBoLA-DRB3locus. A possible explana-
tion for these results, as mentioned above, is the multiple origins of the founder
population of Saavedre˜no Creole cattle, and the further maintenance of diversity
through some selected mechanism. At least three mechanisms have been previ-
ously proposed, namely, reproductive mechanism, overdominance, and frequency-
dependent selection.

The reproductive mechanisms includeMHC-based mating preferences and
selective abortion. They have been documented in both mice and human popula-
tions and may show sufficiently strong effects to maintainMHC diversity (Potts
et al., 1991; Wedekind and Furi, 1997). However, the extensive genetic diversity
atBoLA-DRB3locus in the Saavedre˜no dairy cattle breed, as well as in other farm
animals, cannot be explained by mating-type preferences, since the reproduction
of this breed has been controlled by breeders since the herd was established.

The HW test showed that the studied population did not deviate significantly
from the theoretical proportions (FIS = −0.026; p = 0.681). Heterozygote deficit
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or excess was tested in the ”Saavedre˜no” population, and the results did not show
any significant difference from zero (FIS deficit = 0.009; p = 0.084, andFIS

excess= 0.023;p = 0.871). These results contrasted with data observed in larger
populations, such as human, where a significant homozygote deficit has been
reported forMHC genes (Black and Salzano, 1983; Boyceet al., 1996; Markow
et al., 1993). The excess of heterozygosity has been interpreted as a consequence of
overdominance, because heterozygous individuals are able to recognize a broader
spectrum of foreign antigens, increasing their relative fitness when compared with
homozygotes (Hedricket al., 1991; Hughes and Nei, 1989). The most likely ex-
planation for the absence of heterozygote excess in the Saavedre˜no breed is that
the overdominance selection coefficient at theMHC loci is quite low (probably
lower than 0.02; Mikkoet al., 1999). Such weak selection would be enough to in-
crease heterozygotes only in large populations, and in the absence of high rates of
stochastic forces (population bottlenecks, genetic drift, inbreeding). For this rea-
son, and because this method may suffer from low resolving power, such effects
could not be observed in the Saavedre˜no population.

The neutrality test showed an even gene frequency distribution in spite of the
HW equilibrium (Slatkin’s Exactp = 0.004) as expected under balancing selec-
tion rather than allelic profiles expected under positive selection against one or
few alleles, or under neutral selection. This result is expected if the sampled pop-
ulation is under relative recent balancing selection rather than positive or neutral
selection. This finding has also been reported in other cattle breeds and rumiants.
For example, Patersonet al. (1998) observed a very even allele frequency dis-
tribution at microsatellite markers within MHC in the Soay sheep population on
St. Kilda (Scotland). Furthermore, Kantanenet al. (2000) reported that the mi-
crosatelliteBoLA-DRBP1, located within theBoLAlocus, is not neutral in several
Scandinavian bovine breeds (Eastern Finncattle, Northern Finncattle, Doela cattle,
Blackside Troender and Norland cattle, and Danish Shorthorn).

The even allele frequency distribution observed atMHC loci could be ex-
plained assuming that the presence of a particular allele rather than heterozygosity
is the critical factor determining survivorship and fitness differences. If so, each
MHC allele could be related to protection against a different infectious disease
or associated with distinct fitness traits such as survival or fecundity. Up to now,
different authors have reported several associations between a particular allele of
theBoLAgenes and resistance/susceptibility to some infectious diseases in cattle.
For example, Schmutzet al. (1992) indicated that oneBoLA-DRBgene pattern in
a study of 106 Holstein cows was associated with resistance toStaphylococcus
aureusmastitis. Associations betweenBoLAallele types and persistent lymphocy-
tosis caused by bovine leukosis virus have also been reported (Lewin and Bernoco,
1986; Zanottiet al., 1996). More recently, Sharifet al. (1998) indicated that the
BoLA-DRB3.2*3allele was associated with a significantly lower risk of cystic
ovarian disease in Holstein dairy cows.
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238 Ripoli, Lir ón, Luca, Rojas, Dulout, and Giovambattista

IMPLICATIONS

The results provided in the present work underline the high degree of polymor-
phism at theBoLA-DRB3locus in the Saavedre˜no Creole dairy cattle breed. This
variability could have been caused by the multiple origins of the herd and further
maintained through balancing selection. In addition, present data confirmed the
existence of differences in the allelic frequency distribution and allelic composi-
tion within and among domestic cattle breeds for the studied locus. Taking into
account cumulative frequencies, frequencies of the most abundant variant, and
the neutrality test, the gene frequency distribution of Saavedre˜no Creole seems to
be slightly more even in comparison with that described for other cattle breeds.
However, the inference suggested in the present work about the effect of balancing
selection onBoLA-DRB3.2gene frequency distribution has to be confirmed with
additional studies. The analysis ofMHC polymorphism in tropical dairy breeds,
like Saavedre˜no Creole cattle, is important for dairy and industry. The relationship
of theMHC locus with fitness and resistance/susceptibility to disease could be use-
ful information to increase dairy production in tropical regions where European
dairy breeds perform poorly.
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