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Abstract

In this study, we genetically characterized the Uruguayan pig breed Pampa Rocha. Genetic variability was assessed
by analyzing a panel of 25 microsatellite markers from a sample of 39 individuals. Pampa Rocha pigs showed high
genetic variability with observed and expected heterozygosities of 0.583 and 0.603, respectively. The mean number
of alleles was 5.72. Twenty-four markers were polymorphic, with 95.8% of them in Hardy Weinberg equilibrium. The
level of endogamy was low (FIS = 0.0475). A factorial analysis of correspondence was used to assess the genetic dif-
ferences between Pampa Rocha and other pig breeds; genetic distances were calculated, and a tree was designed
to reflect the distance matrix. Individuals were also allocated into clusters. This analysis showed that the Pampa
Rocha breed was separated from the other breeds along the first and second axes. The neighbour-joining tree gen-
erated by the genetic distances DA showed clustering of Pampa Rocha with the Meishan breed. The allocation of indi-
viduals to clusters showed a clear separation of Pampa Rocha pigs. These results provide insights into the genetic
variability of Pampa Rocha pigs and indicate that this breed is a well-defined genetic entity.
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Introduction

Pampa Rocha pigs are a genetic resource of the Ori-

ental Republic of Uruguay (Castro, 2007; Vadell, 2008).

These pigs are characterized by a black coat with six differ-

ent regions of white hair. The ears are mostly of the celtic

type, while the side of the face can be rectilinear or

subconcave (Vadell, 2008). Figure S1 (Supplementary Ma-

terial) shows the phenotypic characteristics of these pigs.

The origin of this breed dates back to the introduction of the

first pigs into South America by Spanish and Portuguese

colonists from Europe and Asia, with subsequent modern

contributions from Berkshire and Poland China breeds

(Urioste et al., 2002). According to the classification of the

Food and Agriculture Organization (FAO) of the United

Nations, these pigs are not at risk of extinction, but preser-

vation is required (over 1000 breeding animals) (Delgado,

2002). Since 2002, the possibility of extinction of these ani-

mals has increased because of the decrease in the number of

small farmers in the eastern region of Uruguay. This situa-

tion is compounded by the absence of policies from special-

ized organisations engaged in the conservation of this re-

source (Vadell, 2011). The number of animals in this breed

is currently unknown.

The characterization of genetic resources is one of the

steps in establishing possible conservation strategies. Cur-

rently, DNA microsatellite molecular markers are the most

commonly used genetic markers for studying genetic vari-

ability in domestic species. In recent years, knowledge of

the local pig resources of Uruguay has increased, following

a similar trend in other countries. The productivity of Pam-

pa Rocha pigs is already well-characterized. The productiv-

ity life-span, grazing adaptability, good maternal ability

and high milk production of Pampa Rocha females is re-

markable. In addition, the superiority of crossbreeding

these pigs with Duroc or Large White breeds in terms of the

growth stage and weight gain of offspring is also notewor-

thy (Barlocco and Vadell, 2005; Vadell et al., 2010). How-

ever, the genetic characterization of Pampa Rocha is still

insufficient. In Uruguay, the first studies using molecular

markers in pigs were done by Kelly et al. (2004) who ana-

lyzed a panel of nine microsatellites and the haplotypes of

the mitochondrial cytochrome B gene in ten Pampa Rocha
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pigs. This study revealed high genetic variability that sug-

gested that the most probable origin of this breed was Euro-

pean breeds with the introgresion of Asian breeds.

The aim of this study was to analyze the genetic vari-

ability and population structure of Pampa Rocha using

microsatellite markers and to determine the genetic rela-

tionships of Pampa Rocha with other pig breeds.

Materials and Methods

Collection of samples and DNA extraction

Thirty-nine DNA samples from Pampa Rocha pigs

were analyzed. The animals belonged to the breeding group

of the Pig Production Unit of the Southern Regional Center

of the Experimental Station of the Faculty of Agronomy

(University of the Republic) located in Progreso, Cane-

lones, Uruguay. This breeding group was created in 1995

with animals from different farms from eastern Uruguay,

where this resource originated. Some localities where Pam-

pa Rocha is found include Castillos, Barrancas, Costas de

Pelotas and Valizas. DNA was extracted from hair follicles

using Chelex® resin (Walsh et al., 1991). The samples are

currently in the DNA bank of the Genetics Area of the Fac-

ulty of Veterinary Medicine (University of the Republic).

Microsatellite analysis

A panel of 25 microsatellites recommended by the

FAO/ISAG was amplified (FAO, 2011) in the Laboratory

of Molecular Genetics at the University of Cordoba, Spain,

where the technique has been optimized based on the proto-

col used by Martínez et al. (2000). Markers were amplified

in multiplex polymerase chain reactions (PCRs) using fluo-

rescence-labelled primers. PCR products were separated by

electrophoresis on ABI instruments (ABI PRISM 377XL,

Applied Biosystems, Foster City, CA) according to manu-

facturers recommendations, and allele sizing was done by

using the internal size standard of GeneScan-400HD ROX

(Applied Biosystems, Warrington, UK). Genotyping was

done with Genescan Analysis software v.3.1.2, which pro-

vides information about the sizes of the studied fragments,

and Genotyper 2.5 software was used to identify the differ-

ent alleles for each marker.

Statistical analysis

The within breed genetic diversity was investigated

by calculating the observed (Ho) and expected (He) hetero-

zygosities, polymorphism information content (PIC) and

average number of alleles using Microsatellite Toolkit soft-

ware (S Park, 2001,PhD thesis, University of Dublin, Ire-

land). The statistical parameter FIS and the Hardy-

Weinberg equilibrium value (Fisher’s exact test, using the

Markov chain Monte Carlo method; Guo and Thompson,

1992) were calculated using Genetix 4.05.2 (Belkhir et al.,

2004) and Genepop 4.0.10 (Raymond and Rousset, 1995),

respectively.

To determine the genetic diversity among breeds, the

following breeds were included in the study: Berkshire,

Celtic, Duroc, Iberian, Landrace, Large White, Meishan

and Pietrain, to a total of 415 individuals. Information

about these breeds was obtained from the BIOPIG Consor-

tium’s database of the Iberoamerican Porcine Biodiversity

Project. This consortium is part of the Red CONBIAND.

These data have previously been published by Martínez et

al. (2000), Sancristobal et al. (2006), Vicente et al. (2008)

and Gama et al. (2013). BIOPIG consortium analyses were

done by A. Martínez at the University of Cordoba, Spain,

where the microsatellite markers used have been standard-

ized. This comparative analysis was done with 37 samples

of Pampa Rocha pigs and 23 microsatellites (excluding the

CGA and S0026 markers). Factorial correspondence analy-

sis was done using Genetix v.4.01 (Belkhir et al., 2004).

Nei’s genetic distance DA was calculated (Nei, 1983) and a

neighbour joining tree was built with Populations 1.2.28

software and viewed with Treeview (Page, 1996). The pop-

ulation structure was assessed using Structure v.2.3.4 soft-

ware, which uses a Bayesian algorithm (Markov chain

Monte Carlo) to allocate individuals to clusters (K) that are

more genetically similar. For this analysis, the markers that

were in Hardy-Weinberg disequilibrium were removed.

Burn-in periods of 200,000 and 600,000 iterations were

used, assuming K values from 2 to 12, with five repetitions

for each K and an admixture model and correlated allele

frequencies (Falush et al., 2003). To identify the most

likely K modal distribution, delta K was determined

(Evanno et al., 2005) using Harvester software (Earl and

vonHoldt, 2012). The corresponding graphs were cons-

tructed with Distruct software (Rosenberg, 2004).

Results

Within-breed diversity

All the loci studied were polymorphic. Microatellites

S0386 and S0002 showed the lowest number of alleles

(two), whereas S0068 and SW240 had the highest number

of alleles (10). The average number of alleles was 5.72 �

2.46. PIC values ranged from 0.030 for S0386 to 0.819 for

CGA. Seventeen of the 25 markers were highly informative

(PIC > 0.5), seven were moderately informative (PIC be-

tween 0.25 and 0.5) and one was uninformative (S0386,

PIC < 0.25). The expected heterozygosities ranged from

0.030 for S0386 to 0.837 for CGA, with a mean of 0.603 �

0.199, while the observed heterozygosities ranged from

0.031 for S0386 to 0.875 for S0005, with a mean of 0.583 �

0.208. The FIS statistic ranged from 0.115 for S0227 to

0.401 for S0002, with a confidence interval of 95%. Seven-

teen of the 25 markers had a positive sign, indicating an ex-

cess of homozygotes, while eight had a negative sign. An

FIS multilocus of 0.0475 indicated a low value of inbreed-

ing.
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Of the 24 microsatellites analyzed using Fisher’s ex-

act test, 95.8% were in Hardy-Weinberg equilibrium, and

only the marker SW72 was out of equilibrium (p < 0.01).

The microsatellite S0386 was analyzed by the �
2 test, and

p = 1.0 was obtained, indicating that the marker was in

equilibrium (Table 1).

Between breed diversity

Figure 1 shows the results of the factorial analysis of

correspondence. The first three components accounted for

nearly 60% of the total variability. In this analysis, Pampa

Rocha was separated from the other breeds by the first and

second axes. Figure 2 shows the neighbour-joining tree cal-

culated based on Nei’s genetic distance matrix DA (Nei,

1983). The tree showed a cluster of all European breeds and

a cluster of the Pampa Rocha and Meishan breeds. This

grouping has a 97% bootstrap, indicating that both races

were far apart. This divergence most likely reflects a com-

mon ancestor influence rather than direct introgression.

Structure v.2.3.4 (Pritchard et al., 2000) was used to

allocate the individuals into clusters, with each individual

being represented by a vertical bar (Figure 3). When the to-

tal number of individuals (415) was assigned to K = 2, the

Pampa Rocha individuals were grouped together with the

Asian breed Meishan. The remaining breeds used for the

analysis (Berkshire, Celtic, Duroc, Iberian, Large White,

Landrace and Pietrain) were grouped into the other cluster.

For K = 5, the Pampa Rocha pigs were separated from

Meishan pigs (q > 0.970). This separation was maintained

for K values from 5 to 9; at K = 9, all nine breeds were sepa-

rated. An optimal K value of 9 was determined (Figure S2,

Supplementary Material).
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Table 1 - Details of 25 microsatellite loci typed in Pampa Rocha pigs.

Locus Na PIC He H FIS p-value for HWE

CGA 1 9 0.819 0.837 0.800 0.070 0.064

S0101 6 0.476 0.513 0.527 -0.012 0.247

S0215 4 0.355 0.394 0.351 0.121 0.352

S0355 3 0.318 0.373 0.285 0.256 0.394

SW911 3 0.581 0.654 0.594 0.105 0.770

SW936 8 0.778 0.804 0.764 0.064 0.227

S0068 10 0.754 0.775 0.818 -0.039 0.639

SW632 5 0.552 0.618 0.611 0.026 0.027

SW24 4 0.639 0.693 0.560 0.212 0.038

S0227 4 0.359 0.386 0.435 -0.115 1.000

S0225 5 0.338 0.369 0.416 -0.113 0.638

S0090 4 0.528 0.57 0.542 0.062 0.658

S0226 7 0.641 0.671 0.621 0.087 0.341

SW591 3 0.456 0.541 0.538 0.018 0.206

S0228 8 0.701 0.739 0.769 -0.027 0.446

S0178 9 0.787 0.813 0.735 0.110 0.431

S0005 8 0.803 0.826 0.875 -0.043 0.453

S0386 2 0.03 0.03 0.031 0.000 1.000*

SW72 7 0.668 0.697 0.605 0.145 0.000

S0002 2 0.253 0.297 0.181 0.401 0.042

SW857 6 0.631 0.684 0.735 -0.059 0.992

S0026 4 0.543 0.603 0.589 0.036 0.916

IGF 7 0.749 0.78 0.763 0.035 0.194

S0155 5 0.633 0.68 0.702 0.035 0.692

SW240 10 0.679 0.721 0.736 -0.008 0.801

Mean 5.72 0.563 0.603 0.583

Na – number of alleles, PIC – polymorphic information content, He – expected heterozygosities, H – observed heterozygosities, FIS – inbreeding coeffi-

cient, HWE – Hardy-Weinberg equilibrium.

*analyzed by �
2 test.
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Figure 1 - Graphical representation of the factorial analyses of correspondence.

Figure 2 - Neighbour-joining tree based on Nei’s genetic distances (DA).

Breed abbreviations: BK – Berkshire, CL – Celtic, DC – Duroc, IB – Ibe-

rian, LD – Landrace, LW – Large White, MS – Meishan, P – Pietrain, PR –

Pampa Rocha.

Figure 3 - Graphical representation of the results generated by Structure

software for nine breeds with K = 2 to K = 9. Breed abbreviations: BK –

Berkshire, CL – Celtic, DC – Duroc, IB – Iberian, LD – Landrace, LW –

Large White, MS – Meishan, P – Pietrain, PR – Pampa Rocha.



Discussion

The average number of alleles found in this study

(5.72 � 2.46) was lower than that in Mexican Hairless pigs

(7.07) (Canul et al., 2005), Cuban Creole pigs (8.2)

(Martínez et al., 2005) and North East Argentina Creole

pigs (9.25) (MA Revidatti, 2009, PhD thesis, University of

Córdoba, Spain), but higher than the average number of al-

leles found by Martínez et al. (2000) in some varieties of

Iberian pigs (values of 3.44-5.44), except for the black

Entrepelado pig variety (5.84). This value for Pampa Rocha

was also higher than that found by Vicente et al. (2008) in

local and commercial pig breeds from Portugal (5.36) and

by Gama et al. (2013) in native pig breeds from Iberia and

its island (5.14).

The average expected (0.603) and observed (0.583)

heterozygosities of Pampa Rocha indicated a high degree

of variability. The heterozygosity observed here resembled

the values found for other breeds, such as Mexican Hairless

pigs (He = 0.635) (Canul et al., 2005), Cuban Creole pigs

(He = 0.653) (Martínez et al., 2005) and North East Argen-

tina Creole pigs (He = 0.682) (MA Revidatti, 2009, PhD

thesis, University of Córdoba, Spain). In Brazilian breeds,

such as Monteiro, Moura and Piau, the reported He values

were 0.573, 0.569 and 0.661, respectively (Sollero et al.,

2009). Thus, the He for Pampa Rocha pigs was greater than

the He values reported for the first two Brazilian breeds but

lower than those for the Piau breed. For Iberian pigs, He

ranges from 0.439 (Jabugo Spotted) to 0.567 (Entrepelado)

(A Martínez, 2001, PhD thesis, University of Córdoba,

Spain), while for Canary Black pigs, the reported He is

0.475 (Martínez et al., 2007). In local and commercial pig

breeds from Portugal the reported He is 0.66 (Vicente et al.,

2008), and in native pig breeds from Iberia and its island the

reported He is 0.534 (Gama et al., 2013). For Pampa Rocha,

the heterozygosity found here was similar to that reported

by Kelly et al. (2004), who also observed high genetic vari-

ability with an He value of 0.653; however, the latter study

was done with a sample of 10 pigs and nine microsatellite

markers. In general, Pampa Rocha showed levels of genetic

diversity in its geographical context that resulted from a

low level of artificial selection in Creole breeds.

The FIS values in the sample of Pampa Rocha pigs

ranged from -0.115 to 0.401. The degree of inbreeding de-

termined by the FIS multilocus was low, in agreement with

the genetic diversity results.

Of the markers analyzed, 95.8% were in Hardy-

Weinberg equilibrium; only marker SW72 was not

(p < 0.01). Microsatellite S0386 was analyzed with the �
2

test and p = 1.0 was obtained, indicating that this micro-

satellite was in Hardy-Weinberg equilibrium. Overall,

these results demonstrated a high genetic stability, and indi-

cated that this breed was not undergoing genetic drift, se-

lection or other genetic forces, such as mutation or

migration. Factors that contribute to disequilibrium include

selection and inbreeding in the case of closed populations.

Selection forces can be ruled out in this case because the

breed is not involved in any modern selection program.

The factorial analysis of correspondence (Figure 1)

showed that Pampa Rocha was separated from the other

breeds studied by the first and second axes. The Meishan

breed was also separated from the remaining races. Struc-

ture software v.2.3.4 (Pritchard et al., 2000) was used to al-

locate individuals into clusters based on their genetic simi-

larity, with the assumption that gene frequencies were

correlated and that populations were mixed and in Hardy-

Weinberg equilibrium (the SW72 marker was excluded).

The initial clustering of the races Pampa Rocha and

Meishan indicated some level of ancestry, which has been

shown before. However, upon further analysis, the Pampa

Rocha breed proved to be completely different from the

other breeds. The separation into a distinct single cluster in-

dicated that Pampa Rocha individuals constituted a well-

defined genetic entity.

The genetic distances between Pampa Rocha and the

other breeds were high. The lowest estimated genetic dis-

tance was between Pampa Rocha and the Celtic breed

(0.57), while the greatest estimated genetic distance was

between Pampa Rocha and Meishan (0.73). The tree con-

structed from this genetic distance analysis consisted of a

cluster of all European races and a very distant cluster con-

taining Pampa Rocha and Meishan.

These analyses did not demonstrate an influence of

Spanish breeds in Pampa Rocha, which is unexpected be-

cause Spanish breeds have been assumed to have a strong

influence on the origin of Creole pig populations. The time

gap and accumulation of genetic differences may partially

explain the separation observed in the tree, but the succes-

sive bottleneck effects that occurred during pig coloniza-

tion of America could also explain this basic differentia-

tion. Commercial breeds are thought to have had less

influence on the origin of Creole pig populations, except for

the Berkshire and Meishan breeds. The Berkshire breed

was not grouped with Pampa Rocha in this analysis. The

tree analysis indicated some influence of the Asian breed

on the origin of Pampa Rocha because when the number of

ancestral populations was small (K = 2, K = 4), Pampa

Rocha and Meishan were grouped in the same cluster. This

is consistent with the studies of Kelly et al. (2004) who de-

termined that the maternal origin of the Pampa Rocha breed

could be European and Asian. These authors identified the

most common haplotype of European wild and domestic

pigs and the characteristic haplotype of Asian breeds, such

as the Japanese Wild Boar and Meishan, in Pampa Rocha.

This has also been described in other breeds, such as Berk-

shire, Canary Islands’ Black Pig, Duroc, Landrace and

Large White, and indicates the participation of Asian

breeds in their formation. These authors concluded that the

origin of the Asian haplotype in Pampa Rocha pigs likely

derived from crosses with Poland China or the Canary Is-
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lands’ Black Pig breeds (introduced during Iberian coloni-

zation). Additionally, the most likely origin of Pampa

Rocha pigs was European breeds, some of which could

have been introgressed with Chinese breeds, as indicated

by mitochondrial DNA haplotypes. Burgos-Paz et al.

(2013) affirmed that the pig breeds or races of the Americas

were the result of many independent colonization and intro-

gression events, possibly including direct Chinese into-

gression. With regard to the origin of Pampa Rocha, neither

Asiatic nor European influences could be rejected because

both were strongly supported by the history of the move-

ment of persons and, consequently, domestic animals dur-

ing colonization of the Americas (Rodero et al., 1992;

Gómez, 2007; González Fernández, 2011).

Conclusions

The various parameters and values used to quantify

genetic variability, such as the high percentage of polymor-

phic loci and the expected and observed heterozygosities,

indicated high genetic variability in the Pampa Rocha pig

breed. A comparative analysis of Pampa Rocha and other

breeds showed that Pampa Rocha pigs had high genetic dif-

ferentiation and conformed to a well-defined and differenti-

ated genetic group. The results described here did not relate

Pampa Rocha with Iberian pigs, even though the latter are

thought to have influenced the origin of Pampa Rocha be-

cause of the historical process that Creole breeds experi-

enced. This lack of association may reflect the time gap

between these resources in which genetic drift (bottleneck

effects) may have generated differentiation. There have

been additional contributions from other breeds. The

Meishan breed appears to be the most closely related to

Pampa Rocha because of its genetic introgression, a situa-

tion not observed for the Iberian or Berkshire breeds, even

though they are thought to have participated in the forma-

tion of the Pampa Rocha breed. The influence of Asiatic

genes on the origin of Pampa Rocha could not be rejected

because of the introgression of these genes from the Philip-

pines to the Americas through the so called “Navio de Ma-

nila” during the 16th century and later (Rodero et al., 1992).

Other modern Asiatic introgressions also cannot be dis-

carded.
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