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DUROC PIGS FROM SOUTHERN BRAZIL
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ABSTRACT

Fourteen protein systems encoded by 15 structural loci were used to investigate genetic variability
in three swine breeds (Landrace, Large White and Duroc), reared in Southemn Brazil. The degree of genetic
variability was similar in the three breeds (Landrace, He = 0.116; Large White, He - 0.119; Duroc, He -
0.095). These values are close to those computed for other populations of these breeds and higher than those
obtained for wild pig populations. The gene frequencies at the polymorphic loci were employed to evaluate the
usefulness of these systems for parent identification. The combined probabilities of paternity exclusion were
estimated at 59% for Landrace, 54% for Large White and 50% for Duroc animals. Analysis of genetic
relationships revealed that Landrace and Large White are the most similar breeds (D = 0.044), while the Duroc
breed presents lower levels of genetic similarity to the other two breeds (Landrace/Duroc: D = 0.084; Large
White/Duroc: D = 0.106). These findings are in agreement with the historical development of these breeds.

INTRODUCTION

Domestic pigs have been developed on all continents to provide animal protein
for human nutrition. The swines of the most important breeds developed in Brazil were
imported from several European and American countries.
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Biochemical polymorphisms can be used to characterize populations, to
investigate the levels of genetic variability exhibited by breeds and to verify the
relationships among them. Within this context, several studies have been performed on
pig populations of various origins (Oishi and Tomita, 1976; Oishi et al., 1980; Tanaka et
al., 1983; Van Zeveren et al., 1990). Moreover, the gene frequencies of various
polymorphic biochemical loci have been used for paternity control (Oishi and Abe, 1970).
The establishment of this procedure is important for the prevention of erroneous paternity
on excellent boars.

Considering the economic importance of the hog-raising industry in Brazil and
the lack of studies about biochemical polymorphisms in the herds reared in this country,
the objectives of the present investigation were: a) to compare gene frequencies among
the samples; b) to estimate the degree of genetic variability among and within breeds; c)
to evaluate the usefulness of protein polymorphisms for parentage control; d) to evaluate
the genetic relationships among breeds.

MATERIAL AND METHODS

In order to study the genetic variability of Landrace, Large White and Duroc
swines, blood samples were obtained from 282 animals at two localities in Rio Grande
do Sul: the Boar Test Stations of Venancio Aires and Estrela. At these Stations the pigs
are tested to select the best animals for the Swine Artificial Insemination Center of Rio
Grande do Sul. The pigs that were tested came from several farms and were not directly
related. The criterions used to preselect the animals were to choice healthful animals and
the biggest pigs from the litters.

Blood samples from 109 Landrace, 116 Large White and 57 Duroc animals were
investigated for 15 protein loci: malate dehydrogenase (Mdh), isocitrate dehydrogenase
(Idh), phosphogluconate dehydrogenase (Pgd), superoxide dismutase (Sod), esterase D
(EsD), acid phosphatase (Acp), amylase 1 (Amyl), amylase 2 (Amy2), glyoxalase I
(Glol), phosphohexose isomerase (Phi), albumin (Al), ceruloplasmin (Cp), hemoglobin
(Hb), hemopexin (Hpx), and transferrin (Tf).

The labqratory work was carried out at the Departamento de Genética of the
Instituto de Biociéncias of the Universidade Federal do Rio Grande do Sul.

The blood protein types were examined by starch and/or agarose gel
electrophoresis. The techniques of electrophoresis and protein staining were as follows:
Hpx, Amy1 and Amy2 were performed according to Kristjansson (1963); Tf and Cp were
typed in accordance with Oishi and Tomita (1976); the procedures used for the study of
Pgd and Phi were those employed by Gahne and Juneja (1985); the methods described
by Spencer et al. (1964) and Harris and Hopkinson (1976) were used for EsD, Mdh, Idh,



Biochemical Polymorphisms in Domestic Pigs 673

Sod and Acp; Glol, Al and Hb were typed according to the methods described by Franco
et al. (1986), Tucker (1968) and Naoum (1987), respectively. The allele frequencies were
calculated by the gene counting method and Hardy-Weinberg equilibrium was verified
by the classical X? test or by using the method described by Smith (1986) for small
numbers. Genetic variability was estimated by the expected average heterozygosity,
which is the mean of expected frequencies of heterozygotes at each locus calculated from
Hardy-Weinberg equilibrium ( He; Nei, 1975). Genetic distances (the differences
between populations as expressed by function of gene frequencies) were estimated
according to Rogers (1972) and the dendrogram (the patterns of genetic relationships
among samples), based on genetic distances, was constructed by the Unweighted Pair
Group Method Analysis, UPGMA (Sneath and Sokal, 1973), using the Biosys program
of Swofford and Selander (1981). The combined probabilities of paternity exclusion were
estimated by the formulas of Oishi and Abe (1970).

RESULTS AND DISCUSSION
Protein variability

Of the 15 loci investigated, eight were monomorphic (Mdh, Idh, Sod, Acp,
Amy?2, Glol, Al and Hb), with the same allele fixed in the three breeds.

Table I shows allele frequencies estimated for the systems that were
polymorphic in at least one of the samples under consideration.

At the EsD, Amy1, Cp and Tf loci, the same allele was fixed or presented
frequencies higher than 83% in all populations. However, some inter-breed differences
in the values estimated for the other alleles were detected. The prevalence of EsD*B was
about twice higher in Duroc than in Landrace pigs and was not found in Large White
animals. On the other hand, AmyI *A observed in the last two breeds was not found in
Duroc. Additionally, a rare variant (Amyl*C) was detected only in the Landrace
population.

For the Pgd and Hpx systems (Table I), a general resemblance in the frequency
distributions of the most common alleles (Pgd*A and Hpx*I) was observed between
Landrace and Large White pigs. In contrast to these two breeds, the Duroc sample
presented predominance of Pgd*B and of Hpx*3, in addition to a higher frequency of the
Hpx*2 allele.

On the other hand, a great similarity was found in the gene frequency
distributions of the Phi system between the Landrace and Duroc populations. In both
breeds the values of Phi*B were higher than 81%, while in Large White animals the
prevalence of the two alleles detected at this locus was similar.



674 Tagliaro et al.

Table I - Frequencies of various blood protein alleles in populations of Landrace, Large White and Duroc breeds.

R Allele frequencies

Locus Allele

Landrace Large White Duroc
N - 109) (N - 116) N =57

Pgd Pgd*A 0.628 0.621 0.228
Pgd*B 0.372 0.379 0.772
EsD EsD*A 0.931 1.000 0.851
EsD*B 0.069 0.000 0.149
Amyl Amyl*A 0.133 0.090 0.000
Amyl*B 0.862 0910 1.000
AmyI*C 0.005 0.000 0.000
Phi Phi*A 0.156 0.444 0.184
Phi*B 0.844 0.556 0.816
Cp Cp*A 0.018 0.000 0.000
Cp*B 0.982 1.000 1.000
Hpx Hpx*0 0.064 0.004 0.000
Hpx*1 0.624 0.746 0.070
Hpx*2 0.046 0.000 0.140
Hpx*3 0.266 0.250 0.790
Tf A 0.037 0.168 0.096
B 0.963 0.832 0.904

In all systems, except Tf, the observed distributions of phenotype frequencies
were as expected by Hardy-Weinberg equilibrium. A significant deviation (P < 0.05) in
the Tf system was detected in the Large White sample, with an excess of Tf AA
individuals. :

The values obtained for the expected average heterozygosity, considering the
15 loci (polymorphics and monomorphics), were 0.116 for-Landrace, 0.119 for Large
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White and 0.095 for Duroc pigs. Considering the common loci, the values were similar
to those reported for other populations of these breeds (Van Zeveren et al., 1990) and
higher than some estimates obtained for wild pigs (Smith et al., 1980). This suggests that
the extent of genetic variability, at least at the loci investigated in this and other studies,
have not been affected by the selection methods commonly used by breeders.

Parentage control

The theoretical combined probabilities of excluding the paternity of one of two
possible boars, using the seven polymorphic systems, were estimated according to the
formulas described by Oishi and Abe (1970). Table II shows the values obtained at each
locus, as well as, the combined probabilities which ranged from 59% for Landrace to
50% for Duroc. These values reflected the efficiency of the systems investigated for
exclusion paternity in these breeds.

Table II - Estimate of the average probability of excluding one of two possible boars in a parentage case, with

the aid of seven different polymorphic loci.

Breeds

Locus

Landrace Large White Duroc
Pgd 0.179 0.180 0.145
EsD 0.060 0.000 0.111
Amyl 0.108 0.075 0.000
Phi 0.114 0.186 0.128
Cp 0.018 0.000 0.000
Hpx 0.287 0.158 0.180
Tf 0.034 0.120 0.080
All loci 0.587 0.542 0.500

For parentage control tests, it is very important to know which systems are the
most informative in a given population. For the samples studied here, and considering
the loci examined, the best systems to be used are Hpx, Pgd and Phi. These results agree
with those obtained by Oishi and Abe (1970) and by Oishi et al. (1979) who reported
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values higher than 11% for these systems for the same breeds. On the other hand, in
addition to the monomorphic loci, Cp was found to be of no use in this analysis due to
the low degree of variability observed in these samples.

In the absence of exclusion, knowing the phenotypes of the animals investigated
and the gene frequencies of the population to which they belong, it is possible to calculate
a paternity index (Lee, 1980).

Genetic relationships among breeds

Table III gives the genetic distances and similarities obtained according to
Rogers (1972), and Figure 1 shows the phenogram constructed from the genetic distance
estimates, using the UPGMA method. The patterns of inter-racial genetic relationships
revealed that Landrace and Large White pigs are similar (D = 0.044), while Duroc animals
presented a genetic distance average from the other two breeds of 0.095.

Table III - Genetic distances and similaritiecs among three swine breeds (x 1000).

Breed Landrace Large White Duroc
Landrace ool 44 84
Large White 956 el 106
Duroc 916 894 KrAK

Below the diagonal: Rogers (1972) Genetic Similarity.
Above the diagonal: Rogers (1972) Genetic Distance.

LANDRACE

]

LARGE WHITE

DUROC

0.10 0.09 0.08 0.07 0.06 005 004 003 002 0.01 [+]

Figure 1 - Cluster analysis by the UPGMA using the Rogers Distance Matrix (1972) calculated for three swine
breeds (Cophenetic Correlation: 0.941).

-
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The results obtained in the present study do not agree with those reported by
Tanaka et al. (1983). These authors, using 13 biochemical systems, found more similarity
between Landrace and Duroc pigs than between Landrace and Large White animals.
However, the results reported here are in accordance with the historical fact that the
Landrace breed was originally developed from Large White swines and native pigs from
Denmark (Machado, 1973).
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RESUMO

Quatorze sistemas protéicos, codificados por 15 locos estruturais foram usados para investigar a
variabilidade genética em trés ragas suinas (Landrace, Large White ¢ Duroc) criadas no sul do Brasil. O grau
de variabilidade genética varificado foi similar nas trés ragas (Landrace, He - 0,116; Large White, He -0,119;
Duroc, He - 0,095). Estes valores foram proximos aos computados para outras populagdes destas ragas e maior
do que aqueles verificados para populagdes de suinos selvagens. As freqiiéncias génicas dos locos polimérficos
foram empregadas para avaliar a utilidade destes sistemas para o controle de paternidade. As probabilidades
de exclusio de paternidade combinadas foram estimadas em 59% para Landrace, 54 % para Large White ¢ 50%
para Duroc. A anilise do relacionamento genético revelou que Landrace e Large White sao as ragas mais
similares (D = 0,044), enquanto que a Duroc apresentou niveis mais baixos de similaridade genética com as
outras duas ragas (Landrace/Duroc: D = 0,084; Large White/Duroc: D = 0,106). Estes achados estao de acordo

com o desenvolvimento histdrico destas ragas.
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