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ABSTRACT. In order to provide the first cytogenetic data of
naturalized and threatened goat breeds from northeastern Brazil,
cytogenetic analyses were carried out in individuals of Repartida and
Moxot6 breeds raised in Bahia and Ceard States. Males and females
of both breeds had 2n = 60, with 29 autosomal acrocentric pairs plus
the sex chromosome pair. The number of nucleolar organizer region
(NOR)-bearing chromosomes ranged from 6 to 8 per metaphase
in Moxot6 and Repartida goats, respectively. The active NORs in
Repartida individuals were located exclusively at the terminal regions
of the long arms, as usually detected in Bovidae. Otherwise, Moxotd
specimens presented a large autosomal pair with NORs on short arms.
GC-rich heterochromatin was detected at the centromeres in both
breeds, although polymorphic terminal C-bands were visualized on
pair 25 in Moxoto. In addition, GC-rich regions were detected at the

Genetics and Molecular Research 12 (3): 3193-3200 (2013) ©FUNPEC-RP www.funpecrp.com.br



R.P. Santos et al. 3194

terminal regions of the long arms of a single pair in Repartida and of
20 chromosomes in Moxotd goats. The differences in both the number
and/or position of Ag-NORs and GC-rich sites between Repartida and
Moxoto breeds represent efficient cytogenetic markers that can be used
in the identification and conservation of the genetic integrity of each
lineage. In spite of the small effective population size of these breeds,
chromosomal abnormalities related to drift or inbreeding effects were
absent in the samples analyzed.

Key words: Chromosomal banding; Capra hircus; Karyotype;
Ag-NORs

INTRODUCTION

Goats were first brought to Brazil by European colonizers approximately 500 years
ago. Ever since, these populations have undergone intense adaptation as a result of natural
selection under distinct climate conditions, such as the semi-arid and arid regions throughout
northeastern Brazil (Egito et al., 2002; Mariante et al., 2011). Many herds accounted for the
origin of naturalized or local breeds, which were used to represent the main genetic resources
in regional goat farming (Quinzeiro Neto et al., 2011).

Over the last few decades, this activity has increased in Brazil, reaching up to an esti-
mated number of 9.3 million individuals. From this total, nearly 91% are located in northeast-
ern Brazil, representing an important income for local farmers (IBGE, 2010).

Despite their cultural and economic relevance to the arid and semi-arid regions, the
naturalized goat breeds usually have low productivity levels in the absence of genetic im-
provement programs. Therefore, regional and traditional herds have been replaced by exotic
breeds, mainly European industrial lineages of high performance driven by the selection of
economically valuable traits (Taberlet et al., 2011). This behavior has eroded the unique ge-
netic features of adapted indigenous lineages worldwide, eventually causing the extinction of
naturalized breeds of small ruminants (Ma et al., 2006; Taberlet et al., 2011).

Repartida and Moxoto represent such threatened naturalized goat breeds in Brazil
because of their small effective number and uncontrolled crossing with other genetic groups
(Oliveira et al., 2005). A proper genetic characterization of such breeds is a critical step for the
conservation of genetic resources, providing reliable information about effective size, inbreed-
ing levels, and population structure, for instance. Thus, most authors agree that studies focus-
ing on nuclear and mitochondrial DNA polymorphisms integrated with economical, social,
and political parameters should be performed (Taberlet et al., 2011).

Conversely, cytogenetic studies in goats and other domestic animals might be useful
for either the genetic characterization of breeds or the identification of chromosomal anoma-
lies that might lead to infertility or subfertility (Basrur and Stranzinger, 2008; Ekambaram et
al., 2011). Chromosomal analyses have been already used to diagnose the causes of reduced
breeding performance in domesticated breeds, previously undetected by other genetic tech-
niques (Nicodemo et al., 2008; El-Bayomi et al., 2011; Ticianelli et al., 2011) or to detect
hybrid forms (Qu et al., 2012).

One of the first detailed cytogenetic studies in goats was provided by Henderson
and Bruere (1979) who analyzed feral specimens derived from Saanen and Toggenburg
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breeds. Ever since, only a few cytogenetic reports have been published about goat breeds,
e.g., Murciana-Granadina (Burguete, 1991) and Mahabubnagar (Ekambaram et al., 2011).
Other studies are rather related to methodological or technical aspects (Mondal et al., 2007,
Singh et al., 2011) or focused on chromosomal evolution in the family Bovidae (Di Meo
et al., 2005; Schibler et al., 2009; Oh et al., 2011). Most reports describe conventional
karyotype features, such as diploid number (2n) and chromosomal morphology, the iden-
tification of nucleolar organizer regions (NORs), and C- or G-banding patterns, although
high-resolution cytogenetic techniques have already been developed (Di Meo et al., 2005;
Schibler et al., 2009).

In the case of naturalized goat breeds from northeastern Brazil, no cytogenetic re-
ports are available. Thus, the goal of this study was to characterize cytogenetically Repar-
tida and Moxoto goats to identify possible cytogenetic markers for a detailed identification
of lineages and/or chromosomal alterations related to inbreeding and small population size.

MATERIAL AND METHODS

Blood samples (~3 mL) were collected from the jugular vein of 18 goats (4 males and
5 females of Repartida and 5 males and 4 females of Moxot0) raised in Jaquarari, Bahia (Em-
presa Baiana de Desenvolvimento Agricola - EBDA), and Sobral, Ceara (Empresa Brasileira
de Pesquisa Agropecuaria - EMBRAPA). The blood was collected using Vacutainer® heparin-
ized tubes, kept at a cool temperature (~4°C), and transported to a cytogenetics laboratory
within 12 h.

To obtain mitotic chromosomes, 15 to 18 blood drops were added to 5 mL sterile
karyotype medium with RPMI (Cultilab®) and stored at 37°C for 72 h. Thirty minutes before
this period ended, 250 uL 0.05% colchicine was added. The following methodological steps
were carried out according to Moorheard et al. (1960) using 20 min of hypotonic treatment
(0.075 M KCI). A mean number of 20 metaphases were analyzed per individual and the best
spreads were photographed using an Olympus BX51 photomicroscope for karyotyping ac-
cording to Cribiu et al. (2001).

Heterochromatin was detected using a C-banding technique (Summer, 1972) and ac-
tive NORs were visualized by silver nitrate staining (Howell and Black, 1980). Fluorochrome
staining was performed to reveal GC- and AT-rich sites using chromomycin A, (CMA,) and
4'-6-diamidino-2-phenylindole (DAPI), respectively (Schmid, 1980).

RESULTS

The modal diploid number of all sampled individuals was 2n = 60. The chromo-
somes were divided into 29 acrocentric autosomal pairs and the XX or XY sex chromo-
somes for females and males, respectively. The X chromosome was identified as the largest
acrocentric element in the karyotype, while the Y chromosome was a small metacentric
element (Figure 1).

Heterochromatin blocks (C-bands) were detected at the centromeric regions of near-
ly all autosomes and the X chromosome in both breeds analyzed (Figure 2). Nonetheless,
the Moxot6 breed was also characterized by a polymorphic C-band at the terminal region of
pair 25, although this was only present in some individuals (Figure 2c and d).
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Figure 1. Karyotype of female (a, ¢) and male (b, d) individuals of Repartida (a, b) and Moxoté (¢, d) goats.
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Figure 2. C-banded karyotypes of female (a, ¢) and male (b, d) individuals of Repartida (a, b) and Moxot6 (c, d)
goats. Note the polymorphic heterochromatin segment from the 25th pair in a Moxoté male (indicated by the arrow).

Up to 8 and 6 NOR-bearing chromosomes per metaphase were visualized in Repartida
and Moxot6 goats, respectively (Figure 3). The active NORs in males and females of Repar-
tida were restricted to the terminal regions of the long arms of 3 large acrocentric pairs and a
small acrocentric pair (Figure 3a). In Moxotd, these regions comprised up to 5 chromosomal
pairs. These included 2 homologous pairs and 2 non-homologous autosomes (a medium-sized
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and a small acrocentric chromosome), as well as on the short arms, close to the centromeres,
of a large acrocentric pair. Furthermore, some NOR-bearing chromosomes in Moxot6 and
Repartida individuals were observed in association (Figure 3b).
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Figure 3. Somatic metaphases after silver nitrate staining showing active nucleolar organizer regions (NORs) in
individuals of Repartida (a) and Moxot6 (b) goats. The arrows indicate the NOR-bearing chromosomes in both
breeds and the asterisks indicate the chromosomal associations by NORs.

Base-specific fluorochrome staining revealed GC-rich sites (CMA," and DAPT) at the
centromeres of all chromosomes in both goat breeds. However, several chromosomes bearing evi-
dent terminal CMA,"/DAPI signals were also observed in Moxot6 goats, while Repartida samples
presented a subtle terminal GC-rich block in a single and small autosomal pair (Figure 4).

Figure 4. Somatic metaphase after CMA, (a, ¢) and DAPI (b, d) fluorochrome staining in Repartida (a, b) and
Moxoto (¢, d) goats. Note the high number of GC-rich blocks at terminal regions in Moxot6 and a small terminal
GC-rich region in a chromosomal pair in Repartida (indicated by the asterisks).
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DISCUSSION

Goats are among the 14 species that mostly contribute to human feeding worldwide.
In 1983, the division of Genetic Resources and Biotechnology from EMBRAPA launched the
National Program of Conversation of Animal Genetic Resources (Mariante et al., 2011). From
that moment on, herds of the Repartida breed kept by the EBDA and the Moxot6 breed raised
at EMBRAPA-Caprinos were regarded as part of the germplasm bank within this initiative. At
first, the only goal was to conserve their genetic material in situ for further utilization; how-
ever, in 1998, their genetic characterization was included to provide more detailed information
about the conserved lineages. Therefore, molecular, cytogenetic, morphological (quantitative
and qualitative traits), and pedigree analyses have been performed in these local breeds. In
this sense, the cytogenetic characterization of Repartida and Moxot6 breeds performed in the
present study should be promoted once it provides the first chromosomal data in naturalized
Brazilian goats.

Previous reports about cytogenetic traits in goats have been carried out to evaluate the
incidence of chromosomal abnormalities. For instance, Robertsonian fusions were detected
and associated with inbreeding and small population size in Murciana-Granadina (Burguete,
1991) and Angora breeds (Nicodemo et al., 2008). Actually, Robertsonian polymorphisms
have been described frequently in inbred domestic or captive wild bovids (Graphodatsky et
al., 2011; Pagacova et al., 2011).

Nonetheless, chromosomal abnormalities were absent in the cytogenetic analyses of
both Brazilian goat breeds in spite of the reduced effective size of the studied populations and
their susceptibility to inbreeding and genetic drift. Indeed, the karyotype macrostructure (2n and
chromosomal morphology) of karyotyped individuals was highly conserved, being similar to the
standard karyotype of Capra hircus (Cribiu et al., 2001; Di Meo et al., 2005; Singh et al., 2011).

Likewise, the C-banding pattern in both breeds analyzed was in agreement with that
reported previously in goats and most ruminants (Oh et al., 2011). The only exception was
the polymorphic terminal C-band in Moxoto; however, because of its sporadic presence, this
heterochromatin segment in pair 25 cannot be considered a reliable chromosomal marker for
this breed.

Conversely, Ag-NORs provided a distinct scenario. Active rDNA sites were firstly
located in Saanen and Toggenburg goats, occupying the terminal regions of the long arms of
pairs 2, 3, 4, 5, and 28. Indeed, terminal NORs seem to be a conserved feature in the family
Bovidae, being also reported in sheep, cattle, buffalo, and aoudad (Henderson and Bruere,
1979; Di Berardino et al., 1981). In this study, the number of Ag-NORs was usually lower than
in previous reports. Furthermore, Moxotd goats showed a reduced number of silver-stained
rDNA clusters with an atypical location on the short arms of one pair, thereby placing them as a
divergent lineage in relation to other breeds. In this sense, the application of fluorescent in situ
hybridization with ribosomal probes might be useful to confirm if the positional and numerical
differences in Ag-NORs are either related to differential transcription or structural variation.

Furthermore, chromosomal associations were often observed in Moxot6 and, less fre-
quently, in Repartida, mainly involving NOR-bearing chromosomes (Figures 3 and 4). Actual-
ly, a non-random chromosomal arrangement in metaphase spreads has been found frequently
in goats (Andraszek et al., 2009) and other species with several acrocentric chromosomes, e.g.,
cattle and buffalo (Di Berardino et al., 1981). This event is thought to facilitate Robertsonian
rearrangements, thus giving rise to bi-armed chromosomes (Aguilar et al., 1999; Grapho-
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datsky et al., 2011) like those observed in the differentiated karyotype of sheep (2n = 54) (Di
Meo et al., 2005).

Similar to Ag-NORs, fluorochrome staining was also informative to characterize the
chromosomal structure of both naturalized Brazilian goat breeds. A remarkable difference in
the number of terminal GC-rich sites was detected, since several chromosomes in Moxot6 had
CMA " signals at their telomeres (Figure 4). Even though this technique has been routinely
applied to other vertebrates (Schmid, 1980; Bitencourt et al., 2012), little is known about the
distribution of base-specific fluorochrome signals in mammals. As far as we are concerned,
there are no reports available about combined CMA,/DAPI staining in goat species, which
restrains further considerations. Nonetheless, the GC-rich sites proved to be efficient markers
to discriminate Moxot6 and Repartida karyotypes and could be potentially used to understand
heterochromatin composition in Bovidae.

Such cytogenetic differences detected in the Repartida and Moxot6 breeds are rel-
evant to the conservation of genetic resources in Brazilian goats. As previously commented,
locally adapted goat breeds are threatened by unplanned or disorganized introgression with
other exotic breeds (Oliveira et al., 2005; Ma et al., 2006; Taberlet et al., 2011). In Brazil,
some institutions and local farmers have attempted to overcome this situation by maintaining
genetic pools of naturalized breeds for further utilization in animal production (Mariante et al.,
2011). Thus, the chromosomal markers obtained herein, particularly in the Moxoto breed, rep-
resent an additional characteristic for the identification of pure individuals when phenotypic
classification is often imprecise, particularly in the lack of detailed pedigree data. Additional
cytogenetic markers provided by other banding techniques might also be useful to determine
the extension of chromosomal divergence between goat breeds.

Moreover, the apparent lack of chromosomal alterations in Moxot6 and Repartida
breeds is valuable information for conservation programs. It is well known that such abnor-
malities, particularly in heterozygosis, might have a negative effect on reproduction and fertil-
ity traits, determining economic losses or hindering conservation efforts (Robinson and Elder,
1993; Basrur and Stranzinger, 2008). However, it should be pointed out that the absence of
chromosomal abnormalities in the specimens studied refer to a sample of only 2 breeds and
a thorough cytogenetic analysis of all specimens should be practiced routinely in breeding
management to avoid the abovementioned issues.
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