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Abstract — The objective of this study wasto verify the genetic diversity between and within seven populations
of Moxoté goat (n = 264) from the States of Pernambuco, Paraibaand Rio Grande do Norte, using RAPD (Random
Amplified Polymorphic DNA). Moxot6, as well as other naturalized breeds, suffers genetic losses due to the
i ndi scriminate miscegenation with breedsraised in the Northeast Region of Brazil. The genetic characterization
of these genetic resources is essential to conservation and breeding programs. DNA was extracted from
lymphocytes using anon-organic protocol. The 16 primers used were sel ected from 120 decamer oligonucl eotide
primers and generated 56 polymorphic bands. The analysis of molecular variance (AMOVA) showed that the
greater part of total genetic variability (71.55%) was dueto differences between individual swithin populations,
while 21.21% was among populations. The analysis of variance among the pairs of populations demonstrated
that the populations located in Floresta, PE x Angicos, RN presented a smaller value of intrapopulational
differentiation (8.9%), indicating low genetic variability among them. Nei’s genetic distances varied between
0.0546 and 0.1868 in the populations. The dendrogram generated showed that the Canindé breed, used as
outgroup, clustered with the popul ations of M oxoto, indicating a possible common origin of the naturalized goat
breeds.

Index terms: Capra hircus, native breeds, population structure, conservation genetics.

Caracterizacao genéticadaraca caprina Moxotd por marcadores RAPD

Resumo — O objetivo deste estudo foi verificar a diversidade genética entre e dentro de sete popul agdes de
cabrasMoxot6 (n = 264) dos Estados de Pernambuco, Paraibae Rio Grande do Norte, usando atécnicade RAPD
(Poliformismo de DNA Amplificadosao Acaso). A raga M oxot0, assim como outras naturalizadas, sofre grande
erosdo genética devido a miscigenacdo indiscriminada com outras ragas existentes na Regido Nordeste.
A caracterizaggo genéticadestaragaé essencial paraprogramas de conservacdo e melhoramento. Os marcadores
moleculares so umaferramenta Util naestimativadadiversidade genéticade diferentes popul agdes. O DNA foi
extraido apartir delinfdcitos utilizando-se um protocol o ndo orgéanico. Os 16 primers utilizados foram seleciona-
dosapartir de 120 oligonucleotideos e geraram 56 bandas polimérficas. A andlisedevarianciamolecular (AMOVA)
demonstrou que amaior parte davariabilidade genéticatotal (71,55%) ocorreu em virtude das diferencas entre
individuos dentro das popul agdes, enquanto 21,21% ocorriam entre as populagdes. A andlise davarianciaentre
os pares de popul agdes demonstra que as popul acBes de Floresta, PE x Angicos, RN apresentam o menor valor
dediferenciacdo interpopul acional (8,9%), indicando menor variabilidade entreelas. A distanciagenéticade Nei
variou entre 0,0546 e 0,1868 nas populacbes. O dendrograma gerado demonstra que a raga Canindé, utilizada
como outgroup, agrupa-se com as populacdes de Moxoto, indicando a possivel origem comum das ragas
naturalizadas.

Termos para indexagao: Capra hircus, ragas nativas, estrutura de popul agies, conservacdo genética.

Introduction populations are concentrated in the Northeast of the

country where they are extremely adapted. The long

Most naturalized goat breeds descend from animal  natural selection processthat they underwent generated
introduced in Brazil by European settlers. Caprine  small and sturdy animalswith high fertility ratesand well
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adapted to adverse conditions present in the Brazilian
semi-arid. Moxoto breed, aswell asthe other naturalized
Brazilian goat breeds, suffers genetic losses due to the
indiscriminate miscegenation with other breeds raised
in the Region. This miscegenation was caused by the
deficiency of reproductive control and the disorientated
introduction of exotic breeds. Nowadays, animalswithout
breed definition represent 95% of caprine populationin
the Northeast (Oliveira, 2003).

Moxot6 breedsare white or cream and present ablack
stripethat extends from the superior edge of the neck to
the base of the tail, black aureoles around the eyes and
two black stripes that go down to the tip of the snout.
Theunderbelly, member extremities, muzzle, hoovesand
udder are black (Jardim, 1974). Probably, they descend
from the Serpentinabreed, which still existsin Portugal
(Mariante & Cavalcanti, 2000). Becauseit isbreed hardy
as well as prolific and well adapted to the Semi-arid
Region, thisbreed representsimportant genetic resource
that must be conserved.

The essential ingredient of the programs for rational
conservation and improvement is the analysis of the
genetic variability of the breed or population in study.
These programs must be based on the combination of
phenotypic and genetic data, and the analysiswill assist
in the development and rational monitoring of future
programs of animal improvement, as well as in the
preservation and conservation of animal germplasm. The
results obtained based on the study of the differences
and similarities between the populations as well as the
estimation of the genetic variability within the breeds
and populationswill help in the choice of animalsto be
used asdonorsin ex situ conservation, assuring that the
germplasm bank will contain the maximum genetic
variability which exists in the populations, avoiding
duplication of samples (animals with high genetic
smilarity). Sincemost of thein situ populationsaresmall,
low genetic variance must be assumed; therefore these
estimates can be used in crossbreeding and genetic
samples exchange between different nuclei. These
studiesmay also be useful when establishing new nuclei
(Egitoet al., 1999).

Molecular markers have been shown to be an
efficient tool in the quantification of genetic diversity of

Pesq. agropec. bras., Brasilia, v.40, n.3, p.233-239, mar. 2005

various populations (Saitbekova et al., 1999; Barker
et a., 2001). RAPD (Random Amplified Polymorphic
DNA) method, when compared to other techniques, is
attractive, since it is relatively easy to run, fast and
presents low cost. Various polymorphisms can be
detected using small quantities of DNA without the use
of radioactive material. Detected polymorphisms are
inherited in aMendelian pattern and may be generated
in several specieswhen theinformative DNA sequence
isunknown (Williamset al., 1990).

The abjective of this study was to verify the genetic
diversity between and within seven populations of the
Moxot6 goat breed located in three Brazilian
Northeastern States, Pernambuco, Paraiba and Rio
Grande do Norte.

Material and M ethods

Seven populations of Moxotd goat breed from the
following townshipswere studied: Patos (L 1) and Santa
Luzia do Cariri (L2), in Paraiba State; Serra Talhada
(L3), Ibimirim (L4) and Floresta (L5), in Pernambuco
State; and Pedro Avelino (L6) and Angicos (L7), in Rio
Grande do Norte State (Table 1). Animals of other
Brazilian native breed, Canindé, were included as
outgroup.

Themanagement usedinL1and L2issemi-extensive
—the animals are confined during the night (during the
day theanimalsarefreein areas of natural vegetation —
caatinga), with supplementary food and reproductive and
health management. In L3 and L4, the management is
similar to dight severity in thereproductive management.
L5 presents an ultra-extensive management, in which
the animal sare confined twiceamonth; the breeds, sires
and offspring are not separated and most of the animals

Table 1. Characterized popul ations of Moxot6 goat.

Population Localization

L1 Paraiba Federal University, Patos, Paraiba

L2 Acudinho Farm, Santa Luzia do Cariri, Paraiba

L3 Barra da Carnatba Farm, Serra Talhada, Pernambuco
L4 Livramento Farm, Ibimirim, Pernambuco

L5 Camponesa Farm, Floresta, Pernambuco

L6 Belo Monte Farm, Pedro Avelino, Rio Grande do Norte
L7 Sdo Miguel Farm, Angicos, Rio Grande do Norte

Canindé¢ breed (Ca) DNA bank of Embrapa Cenargen
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arederived from country fairswithout knowingitsorigin
and genetic composition. L6 and L7 are in the same
region (Cabugi). In L6, the management is semi-
extensive and some animal s have geneal ogic registration.
InL7, themanagementissimilar to L5 (Oliveira, 2003).

The genetic analysis was carried out in the Animal
Genetics Laboratory (AGL) at Embrapa Genetic
Resources and Biotecnoloy - Cenargen. Genomic DNA
extraction from blood cells of individual s was based on
Miller et al. (1988), slightly modified. A total of 120
decamer oligonucl eotide primers (Operon Technol ogies
Inc., Alameda, Cdlif.: A, AB, AE, J, N and S) were
screened using unique samples of DNA from distinct
populations. A total of 16 primers (AB05, AB01, AE20,
ABO02,N19,N13,A12,AB4, 301, S18,A11,AE16,AE12,
ABO09, AE18 and J10) were selected and used to amplify
DNA fromal individuals.

RAPD-PCR reactions were carried out in a final
volume of 13 uL, with 20 mM Tris-HCI (pH 8.4),
50 mM KCl, 3.5 mM MgCl,, 200 uM of eachdNTR, 8%
of the 2.5 mg/mL BSA, 0.4 uM of the arbitrary primer,
1.5U Tag DNA polymeraseand 9 ng of DNA. Reactions
were performed in a MJ Research (PTC100)
thermocycler under 40 cycles of 15 second duration at
95°C, 30 seconds at 35°C, oneminute at 72°C and, at the
end of the cycles, seven minutes at 72°C, for complete
extension of theamplified products.

Fragment data were entered in a computer file as a
binary matrix (0/1). Datawereanalyzed using NTSY S-
pc, version 1.7 (Rohlf, 1992). Similarities between
individuals were estimated using Jaccard coefficients
of similarity (Sneath & Sokal, 1973) and the resulting
pairwise similaritieswere expressed as distance matrices.

Nei’s genetic distances (Nei, 1972, 1978) between
popul ationswere cal culated using the PopGene program
(Population Genetic Analysis) version 1.31 (Yeh et al.,
1999). All cluster analyses were conducted using
UPGMA (unweighted pair group method with arithmetic
mean) and the resulting clusters were expressed as
dendrograms. The PopGene program also generated
genediversity indicesfor each population, asafunction
of the means of their alelic frequencies, based on Nei
(1973). Confidence values of each node of dendrogram
were estimated from 10,000 random resamplings of the

data (bootstrap) using TFPGA (Tools for Population
GeneticsAnalyses, version 1.3) (Miller, 1997).

Analysisof molecular variance (AMOVA) (Excoffier
et al., 1992) was used to separate the variance between
and within populations of Moxoté breed and between
the two breeds analyzed (Moxot6 and Canindé) using
the Arlequin program (Schneider et al., 2000).

Results and Discussion

A total of 56 RAPD markers were generated by the
16 primers used to amplify DNA from al individuals—
ABO5 (7 bands), ABO1 (4 bands), AE20 (2 bands),
ABO2 (4 bands), N19 (5 bands), N13 (4 bands),
A12 (4 bands), AB4 (2 bands), SO1 (4 bands),
S18 (4 bands), A1l (3 bands), AE16 (01 band),
AE12 (3 bands), AB09 (3 bands), AE18 (01 band)
and J10 (5 bands).

The greater percentage of variation (71.55%) was
observed inside the population of Moxoto (Table 2). The
variation dueto differences between the two breedswas
of 7.24%. This variation is smaller than that observed
by Serrano (2001), studying genetic diversity in bovine
breeds and by Saitbekovaet al. (1999), studying Swiss
goats, who found differences of 16.27% and 17%,
respectively.

Thevauesamong (21.21%) and within (71.55%) the
populations were a little below those observed by
Ajmone-Marsan et a. (2001) and Crepaldi et al. (2001),
who found 75% and 91.2%, respectively, for thevariation
within the populationsin studiesof genetic diversity with
use of molecular markersin Italian native goats.

The results obtained by AMOVA analysis when
comparing population pairswere significant at 5% level,

Table 2. Molecular variance analysis (AMOVA) of seven
populations of Moxot6 breed and the Canindé outgroup,

obtained with 56 RAPD markers.

Source of variation df Sum of Variance Percentage of
squares components variation

Between breeds 1 67.304 67.30 7.24%*

Among populations” 6 472.685 78.78 21.21%*

Within populations 274 1806.923 6.59 71.55

@Only populations of Moxotd breed. *Significant at 1%
probability.
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indicating that they can be considered as distinct genetic
entities (Table 3).

Thelowest genetic variability was observed between
L7 x L5 populations (8.9%) and the greatest variability
was L1 x Canindé (39.33%). When only Moxot6 breed
was considered, the greatest variability was observed
between L1 x L5 (36.85%). The pairs varied from
8.90% to 36.85%, which is in compliance with that
obtained by Oufi et a. (2002), that reported values
between 4.99% and 43.69% in their work on genetic
studies with STRs markers in Morocco’'s goat breed.

Theanaysisof genediversity isan alternative method
to measure the variation present in a population and is
one of the most appropriate measures to determine the
variability of closest populations that can have some
degree of consanguinity (Weir, 1996). Gene diversity
index (Nei, 1973) was calculated for all breeds,
considering them as unique popul ations (Table 4). This
analysiswas based on the mean allelic frequency of the
56 RAPD markers.

Table 3. Percentageof genetic variation dueto the differences
between populations estimated by Molecular Variance
Analysis, for all pairs confronted®.

Population LI L2 L3 L4 L5 L6 L7 Ca

L2 1455 -

L3 34.06" 2498 -

L4 36.02° 26.14° 19.45" -

L5 36.85" 23.40" 27.45" 14617 -

L6 29.79" 15317 20.117 23.40° 20.34"

L7 32.14" 17.95" 18.26" 19.93° 8.90" 10.71

Ca 39.33° 25.62° 27.50° 26.59" 24.32° 26.42" 23.43"

MPopulations are identified on Table 1. *Significant at 1% probability.

Table 4. Nei’s gene diversity index calculated for all
populations, considering them as unique populations, based
onthemean alelic frequency of the 56 RAPD markers.

Population” Number of Gene diversity
individuals analyzed index
L1 48 0.3016 (£0.1624)
L2 48 0.3318 (+0.1818)
L3 37 0.2447 (£0.1956)
L4 18 0.2628 (£0.1977)
L5 17 0.2202 (+0.2053)
L6 48 0.2662 (+0.1843)
L7 48 0.2520 (+0.1983)
Ca 18 0.2328 (£0.2035)

Thelower indiceswere observed in L5 (0.2202) and
Ca(0.2328) (Table 4), reflecting the endogamy present
in these populations due to the reduced number of
individuals (Oliveira, 2003). The populations that
presented the highest indices of gene diversity were L2
(0.3318) and L 1 (0.3016), indicating that both can supply
individualsfor breeding. Thisgreater genetic variability
reflects the semi-extensive management and the
reproductive control used in these populations, not
allowing theintroduction of genes proceeding from other
breeds (Oliveira, 2003).

Thegenediversity index varied from 0.2202t0 0.3318.
Serrano (2001) observed indicesthat varied from 0.1342
t00.2524 in bovine breeds popul ationsand Spritze (2001),
from 0.12036 to 0.24916 in different popul ations of the
Crioulo Lageano bovine breed. In the caprine specie,
Ajmone-Marsan et a. (2001) obtained valuesfrom 0.21
to 0.24, using AFLP markers and Saitbekova et al.
(1999), with microsatellites, obtained valuesfrom 0.17
to 0.58. These authors suggested that the low values
are due to the great amount of monomorphic locus in
the studied populations of Swiss goat breeds.

The estimates of genetic distances between the
populationswere calculated to hel pin the study of genetic
relationships and genetic divergence between pairs of
populations for standard genetic distances (Dp) (Nei,
1972) and those corrected for small populations (Dc)
(Nei, 1978) (Table 5).

Although Dp was superior to Dc, they are highly
correlated and the dendrograms generated for both were
similar. For thisreason, only theresultsderived from the

Table 5. Nei's genetic distances from RAPD data, using the
PopGene program. The standard genetic distances are bel ow
the diagonal, and corrected distances, above the diagonal @.

Population® L1 L2 L3 L4 LS L6 L7 Ca

L1 - 0.0823 0.1511 0.1868 0.1822 0.1512 0.1427 0.2179
L2 0.0872 0.1284 0.1596 0.1190 0.0744 0.0836 0.1260
L3 0.1557 0.1333 0.0931 0.1236 0.1117 0.0793 0.1307
L4 0.1942 0.1674 0.1005 0.0738 0.1396 0.1216 0.1433
L5 0.1888 0.1259 0.1301 0.0832 0.1085 0.0548 0.1107
L6 0.1554 0.0789 0.1158 0.1467 0.1148 0.0546 0.1433
L7 0.1468 0.0880 0.0834 0.1285 0.0609 0.0583 0.1112
Ca 0.2245 0.1329 0.1373 0.1528 0.1193 0.1496 0.1173

(WPopulations are identified on Table 1.
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distances corrected for small popul ationswere presented
(Nei, 1978). The highest value was obtained between
the populations L1 x Ca (0.2179) and agrees with the
percentages of variability obtained usngAMOVA. The
lessdivergent populationin relation to the Canindé breed
was the L7 (0.1112), also according to data obtained
with AMOVA. This suggests that an L1 population is
the most distant population from the Canindé breed.
These results reflect the reproductive control and a
breeding schemeusedin L1, a“controlled herd”, avoiding
the risk of miscegenation with other populations. The
extensve management used in L 7 population, onthe other
hand, caused miscegenation not desired and,
consequently, lossof proper characteristics of the Moxoto
breed (Oliveira, 2003).

Inside Moxotd populations, the closest distances
were observed between L5 x L7 (0.0548) and
between L6 x L7 (0.0546). These results reflect the
management of these populations. The L5 populationis
a herd formed by individuals from several places
(Oliveira, 2003), which can explain itsgrouping with other
populations, even geographically distant. They are
animals that can have a high degree of miscegenation.
TheL6and L7 populationsarelocated in the sameregion
(Table 1), which might have facilitated the exchange of
reproducers, justifying the genetic proximity between
both. The greatest genetic distances were observed in
theL1x L4 (0.1868) and L1 x L5 (0.1822) population
pairs. These values, added to the low diversity indices
observed in L4 and L5 (Table 4), suggest that this
distance could be caused by sample effect or differences
in gene pool of the founders of the L1 herd.

Thedendrogram generated by thisanalysisisin Figu-
re 1. Two major clusters were formed — one by the L1
population and the biggest one formed by other
populations and the Canindé outgroup. This could be
indicative of the controlled reproduction management in
L1 population (Oliveira, 2003), demonstrating its purity
when compared with the others.

The grouping of Canindé breed with the populations
of Moxot6 goat (Figure 1) reflects a possible common
origin of the Brazilian naturalized goat breeds
(Domingues, 1942). Both breeds possess similar
conformation, and the coat color is the determinative

factor for the differentiation between them. Another point
that must be taken into accounts is the number of DNA
markers (56) used in this study. Serrano (2001) used
122 bands and Spritze (2001) has gotten 77 bands, both
working with RAPD for study of genetic diversity of
Brazilian naturalized bovine breeds.

The bootstrap for 10,000 permutations varied from
10.3% to 43.8% (Figure 1). The values obtained were
not able to discriminate the real relationships between
the studied populations (the minimum value would be
80%). However, independently of the method used to
generate molecular markers (RAPD, microsatellites or
AFLP), other authors obtained similar values to these
(Saitbekova et a., 1999; Barker et al., 2001; Ajmone-
Marsan et a., 2001).

An individual dendrogram was generated, using
clustering method of UPGMA, based on the Jaccard’'s
similarity coefficients matrix (Figure 2). Individuals of
Canindé breed grouped together, however, as observed
before, clustered with individuals of the populations of
Moxot6 breed, a grouping between the populations L 1
and L2 that clustered separated from each other.
Migration of individual s between the popul ations can be
an indication of the flow of reproducers between the
visited properties, since thisisavery common practice
in animal breeding in the Brazilian Northeast Region
(Cliveira, 2003).
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Figure 1. Dendrogram generated by the UPGMA method for
Nei (1978) genetic distance using TFPGA program, the
confidence value of each node was estimated from
10,000 permutations.
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Figure 2. Individua dendrogram constructed from Jaccard similarity coefficient using NTSY S-pc program.
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Conclusions

1. The RAPD technique is an efficient method for
studies of genetic similarity between Moxot6 goat
populations.

2. The studied populations can be considered as
distinct genetic entities, proving the importance of its
conservation.

3. The population that presents more definite genetic
standard, based on RAPD markers, isthe L1, followed
for the L2, demonstrating the importance of a
reproductive handling and control in breeding and
conservation herds.

4. The Canindé breed, used as an outgroup, is
relatively close to the Moxotd breed, suggesting a
common origin or amiscegenation of both breeds.
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