
Similarities and differences among the chromosomes of the wild guinea pig... 153

Similarities and differences among the chromosomes 
of the wild guinea pig Cavia tschudii and the domestic 

guinea pig Cavia porcellus (Rodentia, Caviidae)

Laura I. Walker1, Miguel A. Soto1, Ángel E. Spotorno1

1 Laboratorio de Citogenética Evolutiva, Instituto de Ciencias Biomédicas, Facultad de Medicina, Universidad 
de Chile, Santiago, Chile. Casilla 70061, Santiago 7, Chile

Corresponding author: Laura I. Walker (laurainesw@yahoo.com)

Academic editor: E. Gornung    |   Received 13 March 2014    |   Accepted 10 June 2014    |   Published 14 July 2014

http://zoobank.org/23FBF6F9-9055-4772-A9F4-5E02DD447F5B

Citation: Walker LI, Soto MA, Spotorno ÁE (2014) Similarities and differences among the chromosomes of the wild 
guinea pig Cavia tschudii and the domestic guinea pig Cavia porcellus (Rodentia, Caviidae). Comparative Cytogenetics 
8(2): 153–167. doi: 10.3897/CompCytogen.v8i2.7509

Abstract
Cavia tschudii Fitzinger, 1867 is a wild guinea pig species living in South America that according to the 
analysis of mitochondrial genes is the closest wild form of the domestic guinea pig. To investigate the 
genetic divergence between the wild and domestic species of guinea pigs from a cytogenetic perspective, 
we characterized and compared the C, G and AgNOR banded karyotypes of molecularly identified Cavia 
tschudii and Cavia porcellus Linnaeus, 1758 specimens for the first time. Both species showed 64 chro-
mosomes of similar morphology, although C. tschudii had four medium size submetacentric pairs that 
were not observed in the C. porcellus karyotype. Differences in the C bands size and the mean number of 
AgNOR bands between the karyotypes of the two species were detected. Most of the two species 
chromosomes showed total G band correspondence, suggesting that they probably represent large 
syntenic blocks conserved over time. Partial G band correspondence detected among the four submeta-
centric chromosomes present only in the C. tschudii karyotype and their subtelocentric homologues in 
C. porcellus may be explained by the occurrence of four pericentric inversions that probably emerged and 
were fixed in the C. tschudii populations under domestication. The role of the chromosomal and genomic 
differences in the divergence of these two Cavia species is discussed.
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Introduction

Cavia tschudii Fitzinger, 1867 is a wild species of guinea pig (Rodentia, Caviidae) 
which inhabits northern Chile, southern Peru and Bolivia and northwestern Argentina 
(Weir 1974, Woods and Kilpatrick 2005). The domestic guinea pig Cavia porcellus 
Linnaeus, 1758 has a cosmopolitan distribution and is an experimental animal, pet, 
and even is consumed as food in countries of the Andean Altiplano (Tello 1972).

There is a consensus that C. porcellus is a domestic form derived from one of 
the five currently recognized wild species of guinea pigs that inhabit South America 
(Woods and Kilpatrick 2005). The crosses between C. porcellus and C. fulgida Wa-
gler, 1831 yielded offspring which behaved according to the Haldane’s rule (Haldane 
1922), since females were fertile and males were sterile (Detletfsen 1914). By contrast, 
the crosses between C. porcellus and C. aperea sensu Erxleben, 1777 (Pictet and Ferrero 
1951, Rood 1972) and between C. porcellus and C. cutleri Tschudi, 1844 (sensu Ben-
net, 1836) (Castle 1916) produced hybrids which were fertile in both sexes. C. aperea 
or C. tschudii have been repeatedly considered as the most probable ancestor of the 
domestic guinea pig. Later, molecular analyses of the mitochondrial cytochrome b and 
12S RNA genes clearly showed that the closest species to C. porcellus is C. tschudii and 
not the genetically related C. aperea (Spotorno et al. 2004, Dunnum and Salazar-Bravo 
2010). Based on these molecular results and on the analysis of mummified guinea pig 
remains found in archeological sites, Spotorno et al. (2007) suggested that the domes-
tication of the wild guinea pig occurred in southern Peru-northern Chile.

Considering that the karyotype provides useful characters in taxonomic and sys-
tematic studies and that changes in the number and structure of chromosomes may 
contribute to speciation (King 1993, Searle 1993, Capanna and Redi 1994, Capanna 
and Castiglia 2004, Marques-Bonet and Navarro 2005, Faria and Navarro 2010), we 
describe and compare now for the first time the G, C and AgNOR banded karyotypes 
in molecularly identified specimens of the wild montane guinea pig C. tschudii and the 
domestic guinea pig C. porcellus. Our objective is to discover the chromosomal and 
genomic differences between these two species of Cavia in relation to the divergence 
associated with the domestication process.

Material and methods

Skulls, skins and liver samples for DNA analysis of all the studied animals were pre-
served in the collection of the Laboratorio de Citogénetica de Mamíferos, Facultad de 
Medicina, Universidad de Chile (LCM). We examined five Cavia tschudii specimens, 
four males (LCM 3199b, 3110, 3080, 3225) and one female (LCM 3232), collected 
in the locality of Molinos, Valle de Lluta, 18°23’S, 69°45’W, Arica, I Región, Chile, 
and four Cavia porcellus animals, two males (LCM 2454, 3192) from the laboratory 
Pirbright breed, Instituto de Salud Pública, Santiago, Chile, and two females (LCM 
2479, 2489) from the Andean creole breed, Arica Agromarket, Arica, Chile.
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Chromosomes were obtained from marrow cells using conventional in vivo col-
chicine, hypotonic method, preceded by yeast injection to improve the mitotic index 
(Lee and Elder 1980). Metaphase cells were G-banded and C-banded by the meth-
ods described by Chiarelli et al. (1972) and Sumner (1972), respectively. The active 
nucleolar organizing regions (NORs) were detected by the silver staining procedure 
(Sánchez-Rufas et al. 1982). At least 10 good-quality metaphases for each of the stain-
ing methods per taxon were selected under a light microscope and digitally captured 
and stored. Chromosomes were counted, cut out and ordered by size and form using 
ADOBE PHOTOSHOP version 6.0. The centromeric indexes calculated by measur-
ing the chromosomal arms in 12 metaphases of each species, allowed the classification 
of the chromosomes as metacentric, submetacentric, subtelocentric and telocentric 
(Levan et al. 1964). Chromosomes of both species were ordered in the groups de-
fined by Fernández and Spotorno (1968) for C. porcellus (groups A, B and C), add-
ing a fourth group (group D) of submetacentric chromosomes for C. tschudii (Fig. 
1). Male and female G-banded karyotypes from each species were compared and the 
chromosomes were classified as having totally corresponding, partially corresponding 
or unique G band patterns (Spotorno 1977, Walker et al. 1979). The size and distribu-
tion of the C and AgNOR bands were evaluated in six metaphases of C. tschudii and 
nine of C. porcellus. To determine the total number of active AgNOR in each of the 
species, AgNOR+ sites were identified and counted in the chromosomes of 24 meta-
phases per species. The statistical significance of the differences was estimated using a 
Chi squared test.

Results

Chromosome number, size and morphology

For Cavia tschudii and Cavia porcellus we consistently found a 2n=64, FNa=100-102; 
the variation in the FNa of both species was due to the polymorphism of chromosome 
1 (Fig. 1). Cavia tschudii showed five pairs of submetacentric chromosomes (group D, 
Fig.1a) of which four pairs (numbers 27, 28, 29 and 30) were not present in the C. por-
cellus karyotype (Fig. 1b). The X chromosome of C. tschudii was a large submetacentric 
similar to that of C. porcellus and the Y chromosome was a subtelocentric larger than 
that of C. porcellus (Fig. 1).

G bands

The comparison of C. tschudii and C. porcellus G-banded karyotypes revealed total 
correspondence for 25 of the 31 autosomal pairs and for the X chromosomes of both 
species (Figs. 2, 3, Table 1). The four submetacentric chromosomes present only in 
the C. tschudii karyotype showed partial G band correspondence with four C. porcel-
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Figure 1. Conventional stained karyotypes: a Cavia tschudii male b Cavia porcellus female. Chromo-
somal pair Nº 1 shows subtelocentric morphology in other individuals of both species (a and b insets). 
Bar = 5 µm.

Figure 2. G-banded karyotypes : a Cavia tschudii male b Cavia porcellus female. Chromosomes num-
bered according to original karyotype descriptions (see Fig. 1). Bar = 5 µm.

lus subtelocentric chromosomes (Fig. 6, Table 1). Only the Y chromosomes and two 
autosomal pairs (C. tschudii chromosomes 12, 13 and C. porcellus chromosomes 14, 
18) were unique of each species karyotype (Table 1).

C bands

The chromosomal distribution of the C bands was similar in the karyotypes of the 
two species, being located preferentially in the centromeres and the short arms of the 
chromosomes (Fig. 4). However, the amount of constitutive heterochromatin was ap-
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Figure 3. Chromosomes of Cavia tschudii (Cts) and Cavia porcellus (Cpo) with total G band correspond-
ence. Cts chromosomes are at the left and Cpo at the right of each chromosomal group. Note that the long 
arms of subtelocentric (St) and telocentric (T) forms of pair 1 show total G band correspondence (inset). 
Chromosomes numbered according to original karyotype descriptions (see Fig. 1). Bar = 5 µm.

Table 1. Correspondence of Cavia tschudii and Cavia porcellus chromosomes according to their G band 
patterns1.

Chromosomes with total G band correspondence
Cts 1 2 3 4 5 6 7 8 9 10 11 14 15 16 17 18 19 20 21 22 23 24 25 26 31 X
Cpo 1 2 3 4 5 6 7 8 9 11 13 21 26 19 20 22 23 24 25 27 28 29 30 31 17 X
Chromosomes with partial G band correspondence
Cts 27 28 29 30
Cpo 10 12 15 16
Unique species chromosomes
Cts 12 13 Y
Cpo 14 18 Y

1Chromosome numbers are the one of each species karyotype (see Fig. 1); in the same column chromo-
somes with total or partial G band correspondence. Cts = Cavia tschudii, Cpo = Cavia porcellus.

preciably greater in C. tschudii than in C. porcellus, spreading over most of the short 
arms in several subtelocentric chromosomes (Fig. 4a). The X chromosomes of both 
karyotypes, equal in size, morphology and G bands (Figs 1–3), showed a C+ band 
in the paracentromeric region of the short arm (Fig. 4). Both Y chromosomes were 
completely heterochromatic, being larger the Y chromosome of C. tschudii than the C. 
porcellus one (Fig. 4).
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AgNOR bands

Multiple AgNOR bands were detected in the karyotypes of both species, consistently 
located in the telomeres of several chromosomal pairs (Fig. 5). The analysis of some 
AgNOR banded metaphases per species indicated that the number of AgNOR bands 
was different between the two species and also among the individuals. Thus, the results 
showed that in C. porcellus the mean and maximum numbers of chromosomes with 
active NORs (5.76 and 9.0, respectively) were higher than those of C. tschudii (4.13 
and 7.0, respectively). Moreover, when we examined all the 3.072 chromosomes from 
48 metaphases of both species, each of them having 64 chromosomes, we found a total 

Figure 4. C-banded karyotypes: a Cavia tschudii male b Cavia porcellus male, showing heteromorphism 
for chromosome 1. Most of the chromosomes of both species were tentatively identified according size 
and morphology. Bar = 5 µm.

Figure 5. AgNOR-banded karyotypes: a Cavia tschudii male with four nucleolar chromosomal pairs 
(4, 11, 14 and 29) b Cavia porcellus male with five nucleolar chromosomal pairs (1, 3, 5, 7 and 11). The 
nucleolar chromosomes of both species were tentatively identified according to their size and morphology. 
Bar = 5 µm.
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of 237 AgNOR+ sites, 138 of them located in C. porcellus chromosomes and 99 in C. 
tschudii chromosomes. Accordingly, the number of chromosomes bearing active NOR 
was significantly higher in the C. porcellus karyotype than in the C. tschudii one (χ2 = 
6.956; p < 0.05; df = 1).

Discussion

Cavia tschudii and Cavia porcellus diploid numbers (2n=64), previously described with 
basic cytogenetic techniques (Ohno et al. 1961, Fernández and Spotorno 1968, Dun-
num and Salazar-Bravo 2006), were confirmed; nevertheless the fundamental number 
of autosomal arms (FNa = 100-102) were different to those reported before. For C. 
porcellus, Fernández and Spotorno (1968) described an FNa = 96, while for C. tschudii, 
Dunnum and Salazar-Bravo (2006) found an individual in the Bolivian Altiplano with 
an FNa which ranged from 104 to 108. The FNa variability of guinea pig species may 
be due to polymorphisms for the presence of short arms in the chromosomes described 
as subtelocentric or telocentric in these species. The polymorphism for chromosome 1 
short arms detected previously for C. cobaya Pallas, 1766, a synonym of C. porcellus, 

Figure 6. Rough simulation of the changes associated with the occurrence of pericentric inversions in C. 
tschudii chromosomes. Submetacentric C. tschudii chromosomes (Cts, first column at the left) that origi-
nate the subtelocentric C. porcellus chromosomes (Cpo, last column at the right): 1º) chromosomal break, 
2º) rotation of the cleaved segment, 3º) rejoining and sealing with the original segment. Chromosomes 
numbered according to original karyotype descriptions (see Fig. 1). Bar = 5 µm.
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(Ohno et al. 1961, Schmid 1965, Zenzes et al. 1977) and for both species in this study, 
as well as the report of entirely heterochromatic short arms in the subtelocentric auto-
somes of C. porcellus (Bianchi and Ayres 1971), give support to such hypothesis.

The number and morphology of C. tschudii and C. porcellus chromosomes were 
similar to those reported for other subspecies and species of the genus Cavia. So, with 
the exception of C. intermedia Cherem, Olimpio, Ximenez, 1999, and a population of 
C. magna Ximenez, 1980, having 2n=62 (Gava et al. 1998, Cherem et al. 1999, Gava 
et al. 2012), for all of the other taxa of the genus the same 2n=64 diploid number has 
been described, although with different numbers of autosomal arms. An FNa=124 was 
recorded for C. aperea pamparum (George et al. 1972); FNa=116 for C. aperea aperea 
specimens from Pernambuco, Brasil (Maia 1984) and 114 for some individuals from 
the Bolivian lowlands (Dunnum and Salazar-Bravo 2006); FNa=124 for C. magna and 
C. fulgida (Pantaleão 1978) and 114 for C. nana Thomas, 1917 (Cavia tschudii sodalis, 
1926) (Dunnum and Salazar-Bravo 2006).

The analysis of the C bands showed that although they had a similar distribution in 
the chromosomes of the two species, they were smaller in size in the autosomes and in the 
Y chromosome of C. porcellus than in the C. tschudii ones, suggesting that a loss of het-
erochromatin occurred during the domestication process. In accordance with this result, 
measurements of the genome sizes of 31 hystricognath rodent species (Gallardo et al. 2003) 
indicated that the genome of C. tschudii (9.1 pg) is larger than that of C. porcellus (8.2 ± 0.4 
pg), having the first species the largest genome size among the 30 diploid species analyzed.

Five chromosomal pairs bearing NOR at the short arm telomeres were found by 
Zenzes et al. (1977) in the karyotype of the domestic Cavia, so being in agreement 
with our results. Using a double-staining procedure they could identify those chro-
mosomes as numbers 1, 3, 9, 12 and 14 of the quinacrine banded stained karyotype. 
An accurate identification of the C. porcellus and C. tschudii nucleolar chromosomes 
described here would require the use of a similar double-staining procedure to allow 
the comparisons with other descriptions.

The differences in the number of AgNOR bands found between the two Cavia 
species analyzed here and among the individuals in each of them, confirmed the ten-
dency to variability in NOR expression usually described for mammals. It has been 
proposed that this variability would depend mainly on the specific metabolic demands 
of cells and individuals (Mikelsaar et al. 1977, Mayr et al. 1987, Sánchez et al. 1989, 
Suzuki et al. 1990, Berríos et al. 1992, Zurita et al. 1997, Walker et al. 1999, Walker 
and Flores 2007). The greater number of AgNOR bands found in the C. porcellus 
karyotype than in the C. tschudii one would reveal a greater transcriptional activity 
of the ribosomal genes in the genome of the domestic form. One possible functional 
explanation of this result is that since C. porcellus has been selected for productive pur-
poses, it would require higher rates of protein synthesis than the wild form. It should 
be mentioned that in a recent comparison of brain gene expression levels between four 
pairs of domestic/wild mammals, the largest differences were found between the do-
mestic and wild guinea pigs, although C. aperea, genetically related to C. tschudii, was 
used as the wild guinea pig species (Albert et al. 2012).
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Comparison of the G-banded karyotypes of the two Cavia species included in this 
study revealed that most of the autosomal pairs and the X chromosomes showed total 
G band correspondence, suggesting that these chromosomes constitute large syntenic 
blocks present in the common ancestor of both species and conserved over time. The 
differences in morphology and the partial G band correspondences detected between 
four chromosomal pairs of these two species, suggest that the four submetacentric chro-
mosomes present only in the C. tschudii karyotype would have suffered pericentric inver-
sions originating the four subtelocentric chromosomes of C. porcellus (Fig. 6, Table 1).

Cavia porcellus would be the domestic successor of C. tschudii from which it would 
have originated more than 4000 and possibly 7000 years ago (Wing 1986) by a process 
of domestication and artificial selection in the C. tschudii populations which inhabit 
southern Peru and northern Chile (Spotorno et al. 2007, Dunnum and Salazar-Bravo 
2010). While being domesticated, those populations must have been small in size 
and with only a few individuals participating as parents in the reproductive process, 
which over many generations would have produced high levels of endogamy. These 
characteristics would have facilitated the fixation of the pericentric inversions which 
must have emerged spontaneously and frequently in the populations. Specifically, the 
heterozygotes for the pericentric inversions would have decreased their fertility since 
their gametes would be unbalanced as a result of crossing-over in the inverted segment 
(Coyne et al. 1993, King 1993). As a consequence, gene flow between the original 
homozygotes and the homozygotes for the inversion would have been reduced, origi-
nating genetic divergence between the two chromosomal forms.

Nevertheless, it has been demonstrated recently that the fertility of the inversion car-
riers is not always reduced (Muss and Schwanitz 2007). In some cases and depending on 
the size, genetic content, and chromosomal location of the inversion, the chromosomal 
inverted region pairs non-homologously with its normal partner forming a straight biva-
lent which does not present any loop, so causing crossing-over suppression (Torgasheva 
and Borodin 2010). If that is the case, the absence or reduced recombination between 
the inverted and non inverted genomic regions in the Cavia pericentric inversions, would 
be the cause of genetic divergence accumulation and reduction of gene flow between the 
two chromosomal forms, as it was proposed as a general model of speciation by several 
authors (Noor et al. 2001, Navarro and Barton 2003, Hoffman and Rieseberg 2008).

A critical assessment of reproductive isolation in crosses between Cavia species as 
previously reported, confronts the appropriate identification of specimens, the reliabil-
ity of the taxonomy at the time, and the nature of the differences eventually found. For 
instance, crosses between C. porcellus and individuals from Arequipa, Perú identified 
as C. cutleri Bennett, 1836, which correspond to the original description of C. cutleri 
based on a single specimen from Ica, Peru (see Weir 1974), produced fertile offspring 
according to Castle (1916). By contrast, other wild specimens from Ica, Peru that also 
received the name C. cutleri by Tschudi in 1849, were finally renamed as C. tschudii by 
Fitzinger in 1867 (see Weir 1974); the latter is now the usually accepted name for the 
wild montane guinea pig (Woods and Kilpatrick 2005). Therefore, C. cutleri Bennet, 
1838 is now considered a synonym of C. porcellus (Woods and Kilpatrick 2005). If 
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Castle in fact crossed C. porcellus laboratory animals with C. cutleri Bennet (= C. porcel-
lus) specimens, in reality he might be doing intraspecific crosses, and the fertility of the 
descendants would be an expected result. In any case, the assignation of the individuals 
from Arequipa to Cavia cutleri Bennet was not well documented in that study, since it 
was based only on the smaller body size of those individuals with respect to domestic 
C. porcellus (Castle 1916). Moreover, he did not indicated the mating times taken by 
the crosses, neither the number of pairs in which crosses were attempted, reporting 
only that a large number of descendants were obtained (n=107), as many as those ob-
tained in crosses within each form (n=108). In sum, if the chromosomal and nucleolar 
differences we are reporting here in molecularly identified specimens of C. tschudii 
and C. porcellus were also found in other populations, we predict that their eventual 
hybrids will show some degree of genomic incompatibility.

Reproduction of wild mammal species in captivity is a difficult and not always 
successful task. It is even more difficult to obtain descendants from crosses between 
different chromosomal races or species in the laboratory (Walker et al. 1984, 1999, 
Hauffe and Searle 1998, Castiglia and Capanna 2000, Franchini et al. 2008, Nunes 
et al. 2011). In crosses between phyllotine rodent species, we reported previously a 
decrease in the proportion of pairs with births and in the litter’s size together with an 
increase in the time between mating and birth, compared to those registered for the in-
traspecific crosses (Walker et al. 1984, 1999). Although we repeatedly tried to cross our 
specimens of C. tschudii with C. porcellus in our laboratory, we have had no success yet.

If the analysis of the crosses realized between chromosomal races of Mus and Sorex 
rodents (Hauffe and Searle 1998, Castiglia and Capanna 2000, Franchini et al. 2008, 
Nunes et al. 2011) would have only considered the number of descendants obtained, 
it would not have been possible to reach conclusions about the fertility level of those 
hybrids. To estimate fertility, specific reproductive aspects must be studied, such as 
the success obtained in crosses between the parental forms and some hybrid charac-
ters, i.e.: the normality of their meiotic process, the histology of their gonads, the cell 
composition of their germinal line and the chromosomal constitution of the gametes 
that eventually they produce. In consequence, to evaluate the fertility level of eventual 
C. tschudii × C. porcellus hybrids, the reproductive characters just mentioned above 
must be analyzed in the descendants of crosses between individuals of the parental 
species taxonomically well identified. Specifically, the fertility of the heterozygotes for 
the pericentric inversions described here should be further investigated to evaluate the 
contribution of those chromosomal changes to the divergence of the two Cavia species.

Acknowledgements

This study was partially financed by Project FONDECYT 1011052. We thank the 
Servicio Agrícola y Ganadero for the permission to capture the wild animals, Dr. 
Mónica Acevedo for her technical assistance and Juan Oyarce for his help in collection 
and maintenance of the animals.



Similarities and differences among the chromosomes of the wild guinea pig... 163

References

Albert FW, Somel M, Carneiro M et al. (2012) A comparison of brain gene expression levels 
in domesticated and wild animals. PLoS Genetics 8(9): e1002962. doi:10.1371/journal.
pgen.1002962

Bennett ET (1836) On a new species of Ctenomys and other rodents collected near the Straits of 
Magellan by Capt. P.P. King, R.N. Proceedings of the Zoological Society of London 1835 
(part 3, no. 36): 189–191. [Part III, no. XXXVI of the 1835 volume of the Proceedings was 
published April 8, 1836]

Berríos S, Koifman J, Fernández-Donoso R (1992) Tissue and sex differences in the expression 
of nucleoli in mouse somatic cells. European Journal of Morphology 30: 297 –303.

Bianchi NO, Ayres J (1971) Polymorphic patterns of heterochromatin distribution in guinea 
pig chromosomes. Chromosoma (Berlin) 34: 254–260. doi:10.1007/BF00286151

Capanna E, Redi CA (1994) Chromosomes and microevolutionary processes. Italian Journal 
of Zoology 61: 285–294.

Capanna E, Castiglia R (2004) Chromosomes and speciation in Mus musculus domesticus. 
Cytogenetic and Genome Research 105: 375–384. doi: 10.1159/000078210

Castiglia R, Capanna E (2000) Contact zone between chromosomal races of Mus musculus 
domesticus. Fertility and segregation in laboratory-reared and wild mice heterozygous for 
multiple Robertsonian rearrangements. Heredity 85: 174–156. doi: 10.1046/j.1365-
2540.2000.00743.x

Castle WE (1916) Size inheritance in guinea pig crosses. Proceedings of the National Academy 
of Sciences USA 2: 252–264. doi: 10.1073/pnas.2.4.252

Cherem JJ, Olimpio J, Ximenez A (1999) Descrição de uma nova espécie do gênero Cavia 
Pallas 1766 (Mammalia - Caviidae) das Ilhas dos Moleques do Sul, Santa Catarina, Sul do 
Brasil. Biotemas (Brasil) 12: 95–117.

Chiarelli B, Sarti-Chiarelli M, Shafer D (1972) Chromosome banding with trypsin. Mammalian 
Chromosome Newsletter 13: 44–45.

Coyne JA, Meyers W, Crittenden AP, Sniegowski P (1993) The fertility effects of pericentric 
inversions in Drosophila melanogaster. Genetics 134: 487–496.

Detletfsen JA (1914) Genetic studies on a cavy species cross. Carnegie Institution of Washington 
Publications 205: 1–134.

Dunnum JL, Salazar-Bravo J (2006) Karyotypes of some members of the genus Cavia (Ro-
dentia: Caviidae) from Bolivia. Mammalian Biology 71: 336–370. doi: 10.1016/j.mam-
bio.2006.04.006

Dunnum JL, Salazar-Bravo J (2010) Molecular systematics, taxonomy and biogeography of 
the genus Cavia (Rodentia: Caviidae). Journal of Zoological Systematics and Evolutionary 
Research 48: 376–388. doi: 10.1111/j.1439-0469.2009.00561.x

Erxlebe JCP (1777) Systema regni animalis per classes, ordines, genera, species, varietates, cum 
synonymia et historia animalium. Classis I. Mammalia. Weygandianis, Lipsiae, 636 pp. 
doi: 10.5962/bhl.title.15933

Faria R, Navarro A (2010) Chromosomal speciation revisited: rearranging theory with pieces of 
evidence. Trends in Ecology and Evolution 25: 660–669. doi: 10.1016/j.tree.2010.07.008

http://dx.doi.org/10.1371/journal.pgen.1002962
http://dx.doi.org/10.1371/journal.pgen.1002962
http://dx.doi.org/10.1007/BF00286151
http://dx.doi.org/10.1159/000078210
http://dx.doi.org/10.1046/j.1365-2540.2000.00743.x
http://dx.doi.org/10.1046/j.1365-2540.2000.00743.x
http://dx.doi.org/10.1073/pnas.2.4.252
http://dx.doi.org/10.1016/j.mambio.2006.04.006
http://dx.doi.org/10.1016/j.mambio.2006.04.006
http://dx.doi.org/10.1111/j.1439-0469.2009.00561.x
http://dx.doi.org/10.5962/bhl.title.15933
http://dx.doi.org/10.1016/j.tree.2010.07.008


Laura I. Walker et al.  /  Comparative Cytogenetics 8(2): 153–167 (2014)164

Fernández R, Spotorno A (1968) Heteromorfismo del par cromosómico Nº 1 de Cavia por-
cellus L. Archivos de Biología y Medicina Experimentales 5: 81–85.

Fitzinger LJ (1867) Versucheinernatürlichenanordnung der nagethiere (Rodentia). Sitzungsbe-
richte der Kaiserlichen Akademie der Wissenschaften. Mathematisch-naturwissenschaftli-
che Classe 55: 453–515; 56: 57–168.

Franchini P, Castiglia R, Capanna E (2008) Reproductive isolation between chromosomal 
races of the house mouse Mus musculus domesticus in a parapatric contact area revealed by 
an analysis of multiple unliked loci. Journal of Evolutionary Biology 21: 502–513. doi: 
10.1111/j.1420-9101.2007.01492.x

Gallardo MH, Bickham JW, Kausel G, Köhler N, Honeycutt RL (2003) Gradual and quan-
tum genome size shifts in the hystricognath rodents. Journal of Evolutionary Biology 16: 
163–169. doi: 10.1046/j.1420-9101.2003.00507.x

Gava A, Freitas TRO, Olimpio J (1998) A new karyotype for the genus Cavia from a south-
ern island of Brazil (Rodentia-Caviidae). Genetics and Molecular Biology 21: 77–80. doi: 
10.1590/S1415-47571998000100013

Gava A, Dos Santos M, Quintela FM (2012) A new karyotype for Cavia magna (Rodentia: 
Caviidae) from an estuarine island and C. aperea from adjacent mainland. Acta Therio-
logica 57: 9–14. doi: 10.1007/s13364-011-0042-0

George W, Weir BJ, Beadford J (1972) Chromosome studies in some members of the family 
Caviidae (Mammalia: Rodentia). Journal of Zoology, London 168: 81–89. doi: 10.1111/
j.1469-7998.1972.tb01339.x

Haldane JBS (1922) Sex ratio and unisexual sterility in hybrid animals. Journal of Genetics 12: 
101–109. doi: 10.1007/BF02983075

Hauffe HC, Searle JB (1998) Chromosomal heterozygosity and fertility in house mice (Mus 
musculus domesticus) from Northern Italy. Genetics 150: 1143–1154.

Hoffman AA, Rieseberg LH (2008) Revisiting the impact of inversions in evolution: from 
genetic markers to drivers of adaptive shifts and speciation. Annual Review of Ecology, 
Evolution and Systematics 39: 21–42. doi:10.1146/annurev.ecolsys.39.110707.173532

King M (1993) Species evolution. The role of chromosome change. Cambridge University 
Press, New York, 336 pp.

Lee M, Elder F (1980) Yeast stimulation of bone marrow mitoses for cytogenetic investigations. 
Cytogenetic and Cell Genetics 26: 36–40. doi: 10.1159/000131419

Levan A, Fredga D, Sandberg AA (1964) Nomenclature for centromeric position on chromo-
somes. Hereditas 52: 201–220. doi: 10.1111/j.1601-5223.1964.tb01953.x

Linnaeus C (1758) Systema naturae per regna tria naturae, secundum classes, ordines, genera, 
species, cum characteribus, differentiis, synonymis, locis. 10th Edition, Laurentii Salvi, 
Stockholm.

Maia V (1984) Karyotypes of three species of Caviinae (Rodentia: Caviidae). Experientia 
40: 564–566. doi: 10.1007/BF01982332

Marques-Bonet T, Navarro A (2005) Chromosomal rearrangements are associated with 
higher rates of molecular evolution in mammals. Gene 353: 147–154. doi: 10.1016/j.
gene.2005.05.007

http://dx.doi.org/10.1111/j.1420-9101.2007.01492.x
http://dx.doi.org/10.1111/j.1420-9101.2007.01492.x
http://dx.doi.org/10.1046/j.1420-9101.2003.00507.x
http://dx.doi.org/10.1590/S1415-47571998000100013
http://dx.doi.org/10.1590/S1415-47571998000100013
http://dx.doi.org/10.1007/s13364-011-0042-0
http://dx.doi.org/10.1111/j.1469-7998.1972.tb01339.x
http://dx.doi.org/10.1111/j.1469-7998.1972.tb01339.x
http://dx.doi.org/10.1007/BF02983075
http://dx.doi.org/10.1146/annurev.ecolsys.39.110707.173532
http://dx.doi.org/10.1159/000131419
http://dx.doi.org/10.1111/j.1601-5223.1964.tb01953.x
http://dx.doi.org/10.1007/BF01982332
http://dx.doi.org/10.1016/j.gene.2005.05.007
http://dx.doi.org/10.1016/j.gene.2005.05.007


Similarities and differences among the chromosomes of the wild guinea pig... 165

Mayr B, Schleger W, Auer H (1987) Frequency of Ag-stained nucleolus organizer regions in 
the chromosomes of cattle. Journal of Heredity 78: 206–207.

Mikelsaar AV, Schmid M, Krone H, Schwarzacher G, Schenedl W (1977) Frequency of Ag-
stained nucleolus organizer regions in the acrocentric chromosomes of man. Human Genetics 
37: 73–77. doi: 10.1007/BF00293774

Muss B, Schwanitz G (2007) Characterization of inversions as a type of structural chromosome 
aberration. International Journal of Human Genetics 7: 141–161.

Navarro A, Barton NH (2003) Chromosomal speciation and molecular divergence -Accel-
erated evolution in rearranged chromosomes. Science 300: 321–324. doi: 10.1126/sci-
ence.1080600

Noor MAF, Grams KL, Bertucci LA, Reiland J (2001) Chromosomal inversions and the re-
productive isolation of species. Proceedings of National Academy of Sciences 98: 12084–
12088. doi: 10.1073/pnas.221274498

Nunes AC, Catalan J, Lopez J, Ramalhinho MG, Mathias ML, Britton-Davidian J (2011) 
Fertility assessment in hybrids between monobrachially homologous Rb races of the house 
mouse from the island of Madeira: implications for modes of chromosomal evolution. 
Heredity 106: 348–356. doi: 10.1038/hdy.2010.74

Ohno S, Weiler C, Stenius C (1961) A dormant nucleolus organizer in the guinea pig, Cavia 
cobaya. Experimental Cell Research 25: 498–503.

Pallas PS (1766) Miscellanea zoologica quibus novae imprimis atque obscurae animalium 
species descriuntur et observationibus iconibusque illustrantur. Hague Comitum: P. van 
Cleef, xii + 224 pp. [14 plates]

Pantaleâo E (1978) Caracterização de espécies do gênero Cavia por análise de seus cariótipos. 
MSc Dissertation, Universidade Federal do Rio Grande do Sul, Porto Alegre Brazil.

Pictet A, Ferrero A (1951) La descendance d’un croisement interespecifique de cobayes (Cavia 
aperea D’Az x Cavia cobaya Marc) analysé durant 25 années. Genetica 25: 357–515. doi: 
10.1007/BF01784834

Rood JP (1972) Ecological and behavioural comparisons of three genera of Argentine cavies. 
Animal Behaviour Monographs 5: 1–83. doi: 10.1016/S0066-1856(72)80002-5

Sánchez A, Burgos M, Jiménez R, Díaz de la Guardia R (1989) Quantitative analysis of silver 
staining of the nucleolar organizer regions in Eliomys quercinus. Genome 32: 978–982. doi: 
10.1139/g89-541

Sánchez-Rufas J, Iturra P, De Souza W, Esponda P (1982) Simple silver staining procedures 
for the location of nucleolus and nucleolar organizer under light and electron microscopy. 
Archives of Biology 93: 267–274

Schmid W (1965) Heterochromatin in mammals. Archiv der Julius Klaus-Stiftung für Verer-
bungsforschung, Sozialanthropologie und Rassenhygiene. 40: 35–49.

Searle JB (1993) Chromosomal hybrid zones in eutherian mammals. In: Harrison RG (Ed) 
Hybrid zones and the evolutionary process. Oxford University Press, Oxford, 309–353.

Spotorno AE (1977) Phylogenetic partitioning of banded karyotypes in mammals: a model of 
cladistic analysis. In: Drets ME, Brum-Zorrilla N, Folle GA (Eds) Third Latin-American 
Congress of Genetics, Montevideo, February 2-12, 1977, UNESCO: 179–187.

http://dx.doi.org/10.1007/BF00293774
http://dx.doi.org/10.1126/science.1080600
http://dx.doi.org/10.1126/science.1080600
http://dx.doi.org/10.1073/pnas.221274498
http://dx.doi.org/10.1038/hdy.2010.74
http://dx.doi.org/10.1007/BF01784834
http://dx.doi.org/10.1007/BF01784834
http://dx.doi.org/10.1016/S0066-1856(72
http://dx.doi.org/10.1139/g89-541
http://dx.doi.org/10.1139/g89-541


Laura I. Walker et al.  /  Comparative Cytogenetics 8(2): 153–167 (2014)166

Spotorno AE, Valladares J, Marín J, Zeballos H (2004) Molecular diversity among domestic 
guinea-pigs (Cavia porcellus) and their close phylogenetic relationship with the Andean 
wild species Cavia tschudii. Revista Chilena de Historia Natural 77: 243–250. http://www.
scielo.cl/pdf/rchnat/v77n2/art04.pdf

Spotorno AE, Manríquez G, Fernández LA, Marín JC, González F, Wheeler J (2007) Domes-
tication of guinea pigs from a southern Peru-northern Chile wild species and their middle 
pre-Columbian mummies. In: Kelt DA, Lessa EP, Salazar-Bravo J, Patton JL (Eds) The 
quintessential naturalist: honoring the life and legacy of Oliver P Pearson. University of 
California Publications in Zoology 134: 367–388. http://repositories.cdlib.org/ucpress/

Sumner A (1972) A simple technique for demonstrating centromeric heterochromatin. Experi-
mental Cell Research 75: 304–306. doi:10.1016/0014-4827(72)90558-7

Suzuki H, Kurihara Y, Kanehisa T, Moriwaki K (1990) Variation in the distribution of silver-
stained nucleolar organizing regions on the chromosomes of the wild mouse Mus musculus. 
Molecular Biology and Evolution 7: 271–282.

Tello AV (1972) Efecto de cuatro raciones concentradas en el crecimiento de cuyes (Cavia porcellus). 
Tesis Universidad Nacional Agraria La Molina, Lima, Perú, 53 pp.

Thomas O (1917) Notes on the species of the genus Cavia. Annals and Magazine of Natural 
History, ser. 8, 19: 152–160.

Torgasheva AA, Borodin PM (2010) Synapsis and recombination in inversion heterozygotes. 
Biochemical Society Transactions 38: 1676–1680. doi: 10.1042/BST0381676

Wagler J (1831) Einige Mitteilungen über Thiere Mexicos. Isis von Oken 24(6): 510–534.
Walker LI, Spotorno A, Fernández-Donoso R (1979) Conservation of whole arms during chro-

mosomal divergence of phyllotine rodents. Cytogenetic and Cell Genetics 24: 209–216. 
doi: 10.1159/000131382

Walker LI, Spotorno A, Arrau J (1984) Cytogenetic and reproductive studies of two nominal 
subspecies of Phyllotis darwini and their experimental hybrids. Journal of Mammalogy 65: 
220–230. doi: 10.2307/1381161

Walker LI, Rojas M, Flores S, Spotorno A, Manríqez G (1999) Genomic compatibility between 
two phyllotine rodent species evaluated through their hybrids. Hereditas 131: 227–238. 
doi: 10.1111/j.1601-5223.1999.00227.x

Walker LI, Flores SV (2007) Nucleolar activity and distribution of ribosomal genes in Phyllotis 
rodent species and their laboratory hybrids. In: Kelt D, Lessa EP, Salazar-Bravo J, Patton 
JL (Eds) The quintessential naturalist: honoring the life and legacy of Oliver P Pearson. 
University of California Publications in Zoology 134: 901–916. http://repositories.cdlib.
org/ucpress/

Weir BJ (1974) Notes on the origin of the domestic guinea pig. Symposia of the Zoological 
Society of London 34: 437–446.

Wing E (1986) Domestication of Andean mammals. In: Vuilleumier F, Monasterio M (Eds) 
High altitude tropical biogeography. Oxford University Press, New York, 246–264.

Woods CA, Kilpatrick CW (2005) Infraorder Hystricognathi. In: Wilson DE, Reeder DM 
(Eds) Mammal species of the World: a taxonomic and geographic reference. Johns Hopkins 
University Press, Baltimore, Maryland, 1538–1600.

http://www.scielo.cl/pdf/rchnat/v77n2/art04.pdf
http://www.scielo.cl/pdf/rchnat/v77n2/art04.pdf
http://repositories.cdlib.org/ucpress/
http://dx.doi.org/10.1016/0014-4827(72
http://dx.doi.org/10.1042/BST0381676
http://dx.doi.org/10.1159/000131382
http://dx.doi.org/10.2307/1381161
http://dx.doi.org/10.1111/j.1601-5223.1999.00227.x
http://repositories.cdlib.org/ucpress/
http://repositories.cdlib.org/ucpress/


Similarities and differences among the chromosomes of the wild guinea pig... 167

 Ximenez A (1980) Notas sobre el genéro Cavia Pallas con la descripción de Cavia magna sp. 
n. (Mammalia-Caviidae). Revista Nordestina de Biología 3: 145–179.

Zenzes MT, Schmid M, Engel W (1977) Silver-stained nucleolus organizers in the guinea pig, 
Cavia cobaya. Cytogenetics and Cell Genetics 19: 368–72. doi: 10.1159/000130830

Zurita F, Sánchez A, Burgos M, Jiménez R, Díaz de la Guardia R (1997) Interchromosomal, 
intercellular and interindividual variability of NORs studied with silver staining and in situ 
hybridization. Heredity 78: 229–234. doi: 10.1038/hdy.1997.36

http://dx.doi.org/10.1159/000130830
http://dx.doi.org/10.1038/hdy.1997.36

	Similarities and differences among the chromosomes of the wild guinea pig Cavia tschudii and the domestic guinea pig Cavia porcellus (Rodentia, Caviidae)
	Abstract
	Introduction
	Material and methods
	Results
	Chromosome number, size and morphology
	G bands
	C bands
	AgNOR bands

	Discussion
	Research article
	Acknowledgements
	References

