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ABSTRACT:

genetic resources and relationships among the various 

populations. In this paper, genetic diversity and rela-

tionships among 17 Criollo pig populations from 11 

-

F-statistics, and genetic 

The overall means for genetic variability parameters 

-

-

-

NeighborNet dendrogram depicted the clustering by 

geographic origin of several South American breeds 

(Criollo Boliviano, Criollo of northeastern Argentina 

the grouping of breeds from countries as distant as 

El Salvador, Mexico, Ecuador, and Cuba. The results 

of genetic structure and admixture analyses indicated 

exception of some closely related breeds that shared 

results indicate that Criollo pigs represent important 

reservoirs of pig genetic diversity useful for local 
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INTRODUCTION

-

-

conservation, and genetic improvement are crucial 

-

tained mostly by small farmers in marginal produc-
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as Criollo and descend from animals brought by Iberian 

settlers since the beginning of colonization in the late 

exotic and commercial breeds of European and Asiatic 

origin.

Criollo pig breeds may represent an important reser-

voir of genes, especially because they have gone through 

a long process of selection for adaptation to extreme envi-

studies have assessed pig genetic diversity in different 

breeds have been very scarce (Lemus-Flores et al., 2001; 

Pérez-Pineda et al., 2006; Sollero et al., 2009; Ramírez et 

and most of them included a limited number of samples, 

-

breed genetic diversity, breed relationships, and popula-

tion structure in a broad sample of Criollo pig breeds 

-

and at least for some of them, there is enough genetic 

differentiation and structure to justify management at 

the breed level.

MATERIAL AND METHODS

Molecular Markers

the panel recommended for genetic diversity studies by 

the International Society for Animal Genetics / Food and 

-

IGF1, 

S0002, S0005, S0026, S0068, S0090, S0101, S0155, 

S0178, S0215, S0225, S0226, S0227, S0228, S0355, 

S0386, SW024, SW072, SW240, SW632, SW857, SW911, 

SW936, and SW951.

Sampling Strategy

-

pled in 11 countries, representing North, Central, and 

-

USA-MF

(USA-RWH USA-GH

United States and Pelón Mexicano (MEX-PE

Baja California (MEX-BC

from Central America (Criollo Salvadoreño [SAL] 

Islands (Criollo Cubano [CUB] from Cuba and Criollo 

de Guadeloupe [GUA

Venezolano (VEN COL-

ZU COL-SP

(COL-CP ECU

from Ecuador, Criollo Boliviano (BOL

Pampa Rocha (URU-PR

ARG-NW

(ARG-ND

breed relationships in Criollo pig breeds, the possibil-

-

-

cluded in complementary analyses. The sample size per 

-

-

the populations included in the current study. Genotypes 

of the GUA and Meishan populations belong to the 

PigBiodiv European Project database (Russell et al., 

Deoxyribonucleic Acid Extraction  

-

electrophoresis on ABI 377XL instruments (Applied 

Statistical Analyses

-

ing the mean number of alleles (MNA -

erozygosity (Ho -

ity (He
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FIS

10,000 bootstrap samples. The effective number of al-

leles (Ne

equally frequent alleles needed to achieve a given level 

(Ar -

ferent alleles independent of sample size. A hierarchical 

total genetic variance into components of interindivid-

the northern part of South America (including SAL, 

(AMOVA -

ST A 

Table 1. Breed names, country of origin, acronym, number of individuals per population (N

-

IS

P

 

Breed

 

Country

 

Acronym

 

N

MNA Ne Ar    

FIS

 

Mulefoot United States USA-MF 41 3.38 1.91 2.62 0.427 0.396 0.074 2

United States U S A - 2.14 3.28 0.494 0.480 0.028 0

Guinea hog United States 34 3.87 0.483 0.141 2

Criollo Baja  

California

Mexico MEX-BC 20 3.31 4.60 0.628 0.122 0

Pelón Mexicano Mexico MEX-PE 49 3.49 4.92 0.629 1

Criollo Salvadoreño El Salvador SAL 21 6.33 3.80 0.668 0.149 0

Criollo Cubano Cuba CUB 3.48 0.649 0.647 0.003 0

Criollo de  

Guadeloupe

Guadeloupe 

Island

GUA 7.13 3.93 0.689 0.639 0.074 2

Criollo Venezolano Venezuela VEN 30 6.33 3.64 4.76 0.083 1

Zungo Colombia 33 2.89 0.604 0.044 0

San Pedreño Colombia 14 3.28 4.43 0.634 0.644 –0.017 0

Colombia 42 8.00 3.86 0.691 0.637 0.079 0

Criollo Ecuatoriano Ecuador ECU 8.71 4.20 0.696 0.610 1

Criollo Boliviano Bolivia 34 7.29 0.630 0.042 0

Pampa Rocha Uruguay URU-PR 32 2.83 4.28 0.019 0

Criollo from Northeast Argentina 8.29 3.93 0.698 0.604 1

Criollo from Northeast 

Argentina Dry

Argentina ARG-ND 40 6.83 4.62 0.626 0.124 1

2.30 1.37 0.040 0.018

0.089

*P
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-

-

tify ancestral groups, substructure, and admixture. The 

-

ing number of clusters (K

of 600,000 iterations after a burn-in period of 200,000 

K. Ten independent 

simulations for K

identify the most probable K through determination 

K

Average genotype membership fractions (Q -

-

lated, and a graphical display of individual membership 

q

data at each K

of the statistical analyses is listed in Table S1.

RESULTS

Within-Breed Genetic Diversity

-

mum value of 3.38 in USA-MF and a maximum of 8.71 

P -

P

IS of 0.089 (P

Genetic Relationships between Breeds

The mean F-statistics observed across loci (results 

-

ST values 

Partitioning of genetic variability among the different 

differentiation, as the F -

-

variation that could be explained by these breed groupings.

The DA ranged from 0.08 for the CUB/ECU pair to 

most Criollo breeds, including those located in the same 

that the 2 breeds of North America (USA-MF and USA-

-

The MEX-PE, SAL, CUB, and ECU clustered together in 

-

of the total inertia, respectively. The result of this analysis 

clustered closely together in the center of the graphic.

Genetic Structure and Admixture Analysis

of individuals to groups based on their genetic similarity 

and provide information on the number of ancestral 

populations underlying the observed genetic diversity. 

number of ancestral populations is K = 11, as concluded 

K

supports the relatively high level of breed differentiation 

already detected by F

signs of sharing a common ancestry and/or admixture.
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The results of the Bayesian cluster analyses are sum-

marized in Fig. 3, for values of K ranging from 2 to 11. 

-

ters are represented by the United States breeds and those 

from all other countries grouped separately. As K increas-

the estimated probable K

-

ter at K

-

-

-

berships (Q

in the United States Criollo populations, could be identi-

K

K

-

K -

DISCUSSION

Published studies reporting the genetic diversity of 

Criollo pigs using microsatellites are still scarce and 

limited to a small number of breeds, often from a single 

country (Lemus-Flores et al., 2001; Kelly et al., 2004; 

Criollo pig breeds at the regional level (Revidatti et al., 

-

Figure 1.
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some Criollo breeds of pigs using a high-density panel 

insight on the genetic structure, diversity, and relation-

ships among a comprehensive sample of Criollo breeds 

-

-

-

ported for European breeds (Laval et al., 2000; Martínez 

et al., 2000, 2003, 2007; Vicente et al., 2008; Gama et 

than the estimates reported for other Iberian, Chinese, 

Thai, Indian, and Vietnamese breeds (Li et al., 2000, 

-

er than that observed in other European and Brazilian pig 

populations (Laval et al., 2000; Sollero et al., 2009; Gama 

higher than that reported for some endangered Spanish 

pig breeds (Martínez et al., 2003, 2007; Vega-Pla et al., 

diversity obtained for the Iberian pig (Martínez et al., 

breeds tends to be even higher than that estimated here 

probably due to admixture (SAL, GUA, VEN, and ARG-

the results of the Bayesian clustering analysis.

The degree of genetic differentiation among the 

-

ST

isolation for most of the breeds analyzed. These results 

could be a consequence of the diversity of origins, as 

-

their ships during the long journey from the Iberian 

the centuries, these pig populations spread through-

through a process of selective adaptation to a vast di-

selection, genetic drift, and possible admixture events 

-

morphological standpoint.

observed genetic variability corresponded to differences 

pig breeds (Laval et al., 2000; Martínez et al., 2000; 

SanCristobal et al., 2006; Vicente et al., 2008; Gama 

Figure 2. Factorial correspondence analysis obtained from 24 mic-

rosatellite loci for 17 Criollo pig breeds. Breed abbreviations: USA-MF = 

BC = Criollo Baja California; MEX-PE = Pelón Mexicano; SAL = Criollo 

Salvadoreño; CUB = Criollo Cubano; GUA = Criollo de Guadeloupe; VEN 
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genetic variability accounted for by differences among 

-

-

a dispersion route of Criollo pigs in the Americas, as 

reported for other species such as cattle (Delgado et al., 

most often used as fresh meat in the transatlantic shipping 

-

those found in Argentina or the Pantanal region of Brazil, 

among others. After colonization, frequent interactions 

Relationships among breeds, assessed by their genet-

The dendrogram depicting distances among the Criollo 

pig breeds analyzed indicates that the existence of several 

clusters can be observed, for example, the cluster compris-

MEX-BC plus the Uruguayan URU-PR, suggesting the ex-

istence of a common origin for these breeds. The separation 

identity and differentiation of these breeds.

same cluster, they are very distinct from each other, such 

that the mean DA among breeds in the North American 

pronounced isolation among North American breeds and 

-

plasm and a higher proximity and some degree of admix-

ture among breeds in Central and South America. Lemus-

-

The occurrence of clustering by geographic origin 

Colombian breeds clustered together, even though in this 

-

served, such as the grouping of breeds from countries 

as distant as El Salvador, Mexico, Ecuador, and Cuba, 

-

tected in the Bayesian analysis. Another important fact 

to be considered is that soon after the discovery of the 

Americas, Cuba became an important distribution center 

-

Figure 3. Population structure of 17 Criollo pig populations, as inferred from Bayesian analysis. For each animal, a single vertical line divided into K colors 

K is the number of assumed ancestral clusters that ranged from 2 to 11. The individual’s estimated genotype membership proportion in a given 

= Criollo Baja California; MEX-PE = Pelón Mexicano; SAL = Criollo Salvadoreño; CUB = Criollo Cubano; GUA = Criollo de Guadeloupe; VEN = Criollo 
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Criollo breeds.

The Bayesian analysis suggests that commercial 

North American pig breeds. These results are in agree-

that some of the Criollo populations studied here are 

breeds and more distant from Duroc. Further studies are 

broader sample of breeds contributing to their genetic 

pool, namely their Iberian counterparts.

Some of the breeds included in our study repre-

-

Q

level of genetic admixture, at least in some of the ani-

-

formed in Criollo breeds of other species such as cattle 

animals migrated through the Caribbean Islands and the 

-

Given the adaptation of Criollo pigs to harsh conditions, 

conservation plans that also foster their use for local meat 
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