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ABSTRACT

The aim of this work was to study the genetic \alitg among the wild boars, crossbred animals goigls using
microsatellite markers. Five genetic groups weredid. The fragments of three microsatellites dmed forSus
scrofa domesticalGF1, ACTG2 and TNFB - were amplified throughRPtéchnique to evaluate the expected intra
populacion variability (He) and observed (Ho) heteygosity, and endogamy coefficientsFwithin each
population and inter population variability J; testing relationship among five genetic groupsestablish the
genetic distance among them. The high level ofrebdeheterozygosity values varied between 0.5370an871.
Generally, ks was low, suggesting that the endogamy did not bgisveen the tested animals.
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INTRODUCTION genotype, as a fusion between wild boar and pig
genotypes (crossbred animals). Standard cariotype
In Brazil, there has been an increase in breedirfgr European wild boarsS(s scrofa scrojais
the wild animals at specific farms, aiming the2n=36 chromosomes (Darré et al., 1992) and
reproduction  for  economic  exploitation. hybrid animals could be 2n=37 and 2n=38
Originating from Northern Africa and Southeastchromosomes, resulting from crossings between
Asia, wild boars are mammals drtiodactyla the wild boars and pigs. Despite these differences
order, Suidaefamily, represented by five genres,in chromosome number, these animals can mate
including theSus(Bosma et al., 1996). The needand produce fertile hybrids (Grossi et al., 2006).
to increase the productivity at wild boar farms hadiranda et al. (2003), through cytogenetic
led to crossings between the wild boars and pigeharacterization, reported a great deal of
These crosses originate the animals with newolymorphisms for the wild boars, with
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chromosome number varying between 36 and 3&oss pigs (Landrace, Large White and Duroc).
that generated difficulties to obtain pure animalé-rom each animal, 10 mL of cranial vein blood
for farm development. was collected with disposable syringe and placed
Currently, distinction between the pure and hybridn vacutainer tubes containing 0.05 ml EDTA
animals is made not only by phenotype(15.0%) solution.
observation, but also by the means of number dfhe animals were grouped in five genetic groups,
chromosomes analysis in diploid cells. In someccordingly to pure and hybrid wild boars ploidy
cases, these methods are insufficient for safl@r lymphocytes cytogenetic analyses (Moorhead
determination of animal origin, since the hybridet al. 1960): group I, consisting of 59 domestic
phenotypes could be close to the pure animals amigs with 2n = 38; ; group Il, 46 pure wild boars o
the chromosomal analysis does not determine ttagigin (PO) with 2n = 36; group lIl, 6 hybrids,
individual pureness but population purenessvith 2n=36, from the matings between hybrids and
(Gimenez et al., 2003). Other molecular methoddyackcrossed animals; group IV, 30 hybrids with
as molecular markers, can collaborate with thiploidy of 37 chromosomes; and group V, 10
distinction. Genetic markers as allozymeshybrids, 2n=38, known popularly amvaporcos
microsatellites, mitochondrial and nuclear DNAdue to cariotype and phenotype similarity with the
sequences can be used to estimate mampmestic pigs. Genomic DNA was extracted
parameters of interest to study (Selkoe andccording to Zadworny and Kuhnlein (1990).
Toonen, 2006). In this study three microsatellitdoci (Single
The present work aimed to use the microsatellit#andem Repetitions Polymorphisms- STRPS)
markers (Single Tandem Repetitionwere analyzed, using Polymerase Chain Reaction
Polymorphisms - STRPs) developed to thdaechnigque (PCR). The markers were selected from
domestic pigs for genetic characterization of purdiranda (2005) as described in Table 1.
wild boars Gus scrofa scrojaand its hybrids and These genetics markers were chosen because they
determine the genetic variability and endogamyamplified well for this species according to
among the groups. Mendel segregation. PCR were carried out in 20
pl volumes. Initially standardized conditions for
the genome of domestic swine were used; from
MATERIALS AND METHODS these data, adjustments were carried through so
that the starters developed for domestic swine
Blood of 151 animals (wild boars, hybrids andwere amplified in wild boar. The population
pigs) of well defined genetic groups was usedparameters such as expected heterozigosity (He)
which included 46 pure wild boars of origin, withand observed heterozigosity (Ho) also were
2n= 36 chromosomes, from two private wild boarsalculated by means of MS_Tools program (Park,
farms in S&o Paulo, SP, Brazil; 46 hybrids, with2001). The endogamy coefficientdFwithin each
2n=36, 37 and 38 chromosomes, from a third wilghopulation was calculated by FSTAT program
boars private farm, also in Sdo Paulo; and 59 thr&oudet, 2002).

Table 1 —Primers toSus scrofa domesti@ndSus scrofa scrofa.

Primer SSC* 5'-3’ sequence
ACTG2 3 CATCTTCCTCTTCCCTTCCCTGTGGACTCAAGGCTGTAAG
IGF1 5 GCTTGGATGGACCATGTTGCACTTGAGGGGCAAATGATT
TNFB 7 CTGGTCAGCCACCAAGATTTGGAAATGAGAAGTGTGGAGACC

*Sus scrofahromosome.

To analyze the existence of Hardy-Weinberdollowing parameters: 10000 dememorizations, 40
Equilibrium within the populations, global tests fo batches and 2000 permutations.

deficit and excess of heterozygotes were takeho test the existing relations between the five
using Genepop program (Raymond and Roussetnalyzed genetic groups, the index of settiag F
1995). Accurate p values were obtained by was estimated as in Weir and Cockerham (1984),
Markov Chain Method through analysis using thecalculated by Genepop program. The allelic
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frequencies for the populations were als@roups and thé& ;s was the highest. In this group
compared by the genetic distances, established bye endogamy existed. However, genetic hybrid
DISPAN program (Ota, 1993). groups 2n=37 (Group IV) and swines (Group )
The pattern of genetic distance, Nei et al., presented the highest values for these estimates
1983) was tested for the construction ofand for effective number of alleles (5.8 and 5.6
dendograms by the Neighbor-Joining methodespectively). The values of sF (endogamy
(Saitou and Nei, 1987). Bootstrap analysis witlcoefficient) for Groups Il and Il were negative (-
1000 replications was used to evaluate the intern8l005 and -0.037, respectively - Table 2) this geni
consistency of the suggested groupings, as well aéversity could be due to the fact that these
the magnitude effect of sampling errors. populations were not under intense artificial
selection. In the other groups (I, IV, V), thg F
values were positive.
RESULTS AND DISCUSSION Amongst the five analyzed genetic groups, the
swines (Group 1) and hybrid 2n=37 (Group 1V) did
Average observed heterozygosity values varienot present the equilibrium accordingly to data
between 0.537 and 0.7871 and were inferior to ttobtained by the global test of Hardy-Weinberg
average values for expected heterozygosi1Equi|ibrium (EHW) for heterozygotes deficit
(0.6749-0.8279). This value of observec(Table 2). Swines had been obtained from two
heterozygosity (0.71) was similar to that found bysmall farms and endogamy could have occurred.
Martinez et al. (2004) and indicated an importar The selection of inbred animals in the populations
level of genetic variability. In hybrid genetic gqio =~ with  these characteristics generally make it
2n=38 (Group V), the effective number of allelesdifficult and can also influence deviation results
(3.0761) and observed heterozygosity (0.535irelation to EHW.
were the lowest values among all the analyzed

Table 2 —Genetic diversity between populations for the fgenetic groups obtained from three microsatellite
markers

Genetic Groups N Na Nm He Ho Ne s EHW1 EHW?2
Group | 50 28 9.33 0.824 0.7871 5.6804 0.045 0.@e137)* 0.9982 (0.0007)
Group Il 46 19 6.33 0.7657 0.7685 4.2685 -0.00B5567 (0.0181) 0.4397 (0.0181)
Group Il 6 10 3.33 0.7556 0.7778 4.0909 -0.037.6489 (0.0060) 0.6309 (0.0057)

Group IV 30 28 9.33 0.8279 0.7244 5.8109 0.128 @300.0002)* 0.9927 (0.0024)
Group V 10 12 4.00 0.6749 0.5357 3.0761 0.220 GE019) 0.9719 (0.0024)

Group | = swines, Group Il = wild boars, Group#lcrossed animals with 36 chromosomes ploidy, Gidisp crossed animals
with 37 chromosomes ploidy, Group V = crossed atlimath 38 chromosomes ploidy. sample size (N), benof identified

alleles (Na), average allele number for each paimr (Nm), expected heterozygosity (He), obsereterozygosity (Ho),
effective allele number (Ne), endogamy coefficiemthe level of individual inside each populatidfs), p values obtained by
Hardy-Weinberg Equilibrium tests for heterozygatesicit (EHW1), for heterozygotes excess (EHW2) atahdard errors for
eachp value between parentheses.

*=P<0.01

Selkoe and Toonen (2006) found that a larger meiotic drive (segregation distortion). These
fraction of “non-Medelian” ratios of alleles in processes maiave severe effects, such as only

offspring of defined crosses was apparently causashe parental allele being passed on to all the
by null alleles. The potential causes of true noneffspring.

Medelian behavior were sex linkage, physicaBeside inbreeding, other sources also could be
association with the genes under strong selectiomvolved or to be equally responsible for the

centers of recombination, transposable elements disequilibrium of Hardy-Weinberg, as shown by

processes during meioses such as non-disjunctidime errors in genotyping individuals and presence
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of null alleles (Silva, 2006), which originated duelnter-population variability

to a mutation in the hybridization site of at leastAccording to the existing genetic differentiation
one of the initiating oligonucleotides of the analysis between the possible genetic groups pairs,
microsatellite to be amplified. This led to detenti Fsr values (Table 3) showed a higher
of an excess of apparent homozygotes, resulting ttifferentiation (0.2007) between the wild boar
incorrect estimates of allelic frequencies, causingGroup 1) and hybrid 2n=38 (Group V) genetic
overestimation of inbreeding coefficientsgroups, and the lowest (0.0222) between the
(Marshall et al., 1998). hybrid 2n=36 (Group IIl) and 2n=37 (Group IV).
Although hybrids were from the same farm, aHampton et al. (2004) used microsatellites markers
difference occurred in EHW test results, wherdor feral pigs that belonged to the regions of
hybrid groups 2n=36 and 2n=38 presentedustralia and all the populations had moderate
equilibrium but hybrid 2n=37 did not. This could heterozygosity (He=0.68) and moderate to high
be explained by the fact that hybrids 2n=36 antkvels of differentiation between the populations
2n=38 possessed low sampling in relation tdFsr=0,118).

hybrid 2n=37. Table 4 showed that the highest genetic distance
In the present study, the number of average allel¢®.6420) was between the wild boar (Group II) and
of Group Il presented reduction regarding tohybrid 2n=38 (Group V) genetic groups, while the
Group |, suggesting two explanations: the first onswines (Group |) appeared more related (0.233) to
could be related to the animal husbandry in théhe hybrid group 2n=37 (Group 1IV). When all the
farms, where individuals of a population did notcrossed animals were considered as an only group,
cross with the ones of others, favoring endogamythe highest distance (0.4084) was observed for the
Another explanation for these reduction could bevild boars (Group II) and swines (Group 1),
related to the presence of null alleles, whicHollowed by the hybrids and wild boars (0.4059),
represented a problem when the starters of orsnd hybrid groups (Groups Ill, IV and V) and
species were used in another species. swines were more related (0.2235).

Table 3 -Matrix of corresponding values to index:fobtained between the possible pairs of five aralygenetic
groups (all markers).

Genetic groups Group | Group Il Group Il Group IV
Group Il 0.1085* - - -
Group I 0.0467 0.0869 - -
Group IV 0.0351 0.1021 0.0222 -
Group V 0.0803 0.2007 0.0513 0.0527

Group | = swines, Group Il = wild boars, Group# krossed animals with 36 chromosomes ploidy, Gidup crossed animals
with 37 chromosomes ploidy, Group V = crossed atimdth 38 chromosomes ploidy.
*=P<0.01

Table 4 -Matrix of distance I with respective values for the possible pairs\a finalyzed genetic groups.

Genetic groups Group | Group Il Group Il Group IV
Group I 0.4084 - - -
Group Il 0.4122 0.3988 - -
Group IV 0.2333 0.4359 0.2848 -
Group V 0.4093 0.6420 0.5172 0.3040

Group | = swines, Group Il = wild boars, Group# trossed animals with 36 chromosomes ploidy, Gidisp crossed animals
with 37 chromosomes ploidy, Group V = crossed atimdth 38 chromosomes ploidy.

The combined data sets obtained with the fivewines 2n=38, presented 82% of similarity with
groups were used to construct a dendogram (Fithe first grouping. The third was represented by
1), which indicated three distinct groups. Thetfirsthe groups 1l and Il and revealed it self more
grouping formed by the group IV and group V wadlifferentiated and distant in relation to the other
composed by crossed animals 2n=36 crosse#iith less than 50% of similarity (Rodrigues et al.,
animals 2n=38, respectively, with 74% similarity.2008).

The second grouping, formed by the group I,
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Group IV

Group V

Group |
Group Il

Group Il

Figure 1 — UPGMA dendogram based on the distancg With the respective values of
bootstrapping in each grouping.

CONCLUSIONS Darré, R.; Berland, H. M.; Goustat, P. (1992),
Chromosomal status of free-ranging and farmed wild
boar populations in FrancBRev Med VeB, 225-232.
imenez D. L.; Mota L. S. L. S.; Curi R. A,; Rosals
M.; Gimenes M. A.; Lopes C. R.; Lucca E. J. (2003),

The efficiency of heterologue amplification using
microsatellite markers developed for the domesti€

swines Bus scrofa scrojaand a_pphed to wild Andlise cromossdmica e molecular do javali europeu
boars_ Were_ proved. Pure W_'Id boars Wgre Sus scrofa scrofa e do suino doméstico Sus scrofa
genetically different from the swines and hybrids gomesticaBraz J Vet Res Anim Sai0, 2, 146-154.

and differences were in size and allelessoudet, J. (2002). FSTAT Version 2.9.3.2 for window
frequencies for the three microsatellltei. The a computer program to calculate F-statistics.
estimates of variability pointed, in a general wayURL:http://www2.unil.ch/popgen/softwares/fstat.

loss of heterozygosity. Grossi, S. F.; Lui, J. F.; Garcia, J. E.; Meirelles V.
These results could serve as a starting point for(2006), Genetic diversity in wildSus scrofa scroja
another studies aiming to clarify the phylogenetic @nd domestic Jus scrofa domestigzigs and their
relations between the genetic groups of wild boars, "YP'ids based on polymorphism of a fragment of D-

: . . L . ’loop region in the mitochondrial DNA.Genet Mol
swines and hybrids, to obtain essential information Res5 (4), 564-568.

for impl_ementation and maintenance OfHampton, J. O.; Spencer, P. B. S.; Alpers, D. L. A.

conservation works. Twigg, L. E.; Woolnough, A. P.; Doust, J. Higgs; T.
Pluske, J. (2004), Molecular techiniques, wildlife
management and the importance of genetic
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