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ABSTRACT. We made a comparative analysis of the cytogenetics of 
spiny rat species of the genus Proechimys collected from several sites of 
the Madeira River basin (Amazonas State, Brazil) and Jari River valley 
(Pará State, Brazil). Individuals were assigned to three groups based 
on diploid and fundamental numbers: 2n = 28, FN = 46 (P. cuvieri and 
P. gr. longicaudatus); 2n = 38, FN = 52 (Proechimys gr. guyannensis), 
and 2n = 40, FN = 54 (P. gardneri). The nucleolar organizer region 
(NOR) was interstitial on the long arm of one submetacentric pair, 
as seen in all species of Proechimys analyzed thus far. However, its 
position in the karyotype was variable. A duplication of the NOR in 
one of the homologues was detected in P. gr. longicaudatus from the 
Aripuanã basin along the mid Madeira. The C-band pattern varied 
between species and, together with the NOR, allowed the identification 
of two evolutionary units in P. gr. longicaudatus in the region of the 
mid Madeira River (cytotypes A and B). The morphology and banding 
of the sex chromosomes were species specific. A range extension is 
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suggested for the geographic distribution of P. gardneri and P. gr. 
longicaudatus. Moreover, we suggest that species of Proechimys with 
2n = 38 chromosomes are restricted to east of the Negro River and 
north of the Amazon River. We also revised the published chromosome 
data available for Proechimys.

Key words: Chromosome banding; Cytotaxonomy; Cytotypes; Spiny rat 

INTRODUCTION

Spiny rats from the genus Proechimys are among the most abundant Amazonian ro-
dents and have extremely complex systematics. Moreover, there are a number of reports of 
species occurring in sympatry (Moojen, 1948; Patton and Gardner, 1972; da Silva, 1998; Pat-
ton et al., 2000). Patton (1987) landmark study on Proechimys systematics used qualitative 
morphological characters of the cranium, dentition and baculum to group 59 of the 67 avail-
able names at the time into nine distinct groups: P. guyannensis, P. goeldii, P. longicaudatus, 
P. simonsi, P. cuvieri, P. trinitatus, P. semispinosus, P. canicollis, and P. decumanus. Although 
it was not possible to recognize each species by morphological characters alone, due to geo-
graphic, age and sex variations within and among groups, these characters have been useful 
for differentiating sympatric species.

A number of authors stress the importance of the combination of morphological char-
acters, chromosome traits and DNA sequencing associated with a finer geographic sampling 
for a better understanding of the existing diversity in Proechimys (Patton and Gardner, 1972; 
da Silva, 1998; Patton et al., 2000; Weksler et al., 2001; Machado et al., 2005). However, 
there is no robust phylogeny for this genus yet, which hinders the understanding of the kinship 
relations between species and the study of the evolution of characters, including chromosome 
evolution. Twenty-five species are currently assigned to this genus (Wilson and Reeder, 2005) 
and the number of known karyotypes is much higher (Weksler et al., 2001).

The aim of the present study was to analyze the chromosomes in species of Proechi-
mys collected from two regions in the Brazilian Amazon to establish cytological markers or 
chromosomal modifications that might be implicated in either speciation or phyletic evolution 
among these rodents. When associated with other kinds of data, the cytogenetic information 
will also assist in the determination of the taxonomic limits of Proechimys species, their geo-
graphic distribution and the clarification of evolutionary processes.

MATERIAL AND METHODS

For cytogenetic analysis, 24 individuals of Proechimys were collected from two areas 
in the Amazon: in the region of the mid-Madeira River in the State of Amazonas, Brazil (9 
males and 8 females), and a mosaic region of primary forest and areas with human develop-
ment in the Jari River Valley in the State of Pará, Brazil (4 males and 3 females) (Table 1).

Mitotic chromosomes were obtained from bone marrow using the Ford and Harmer-
ton (1956) “air-drying” method with modifications. Colchicine (0.0125%) was used at a pro-
portion of 1 mL/100 g body weight. Cell material was hypotonized by a 0.075 M potassium 
chloride solution, fixed in Carnoy fixer and stained with Giemsa.
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Constitutive heterochromatin was evidenced using the method described by Sumner 
(1972). The nucleolar organizer region (NOR) was located using the method described by 
Howell and Black (1980). The G band (GTG) was determined using the method described 
by Seabright (1971).

For the mounting of the karyotypes, banded chromosomes (G band) were organized 
in order of decreasing size and separated into groups by morphological type. Chromosome 
morphology was determined based on the position of the centromere using the method de-
scribed by Levan et al. (1964). In the determination of the number of arms [fundamental 
number (FN)], metacentric (m), submetacentic (sm) and subtelocentric (st) autosomes were 
considered to have two arms and acrocentric (a) autosomes were considered to have one arm.

RESULTS

Specimens were assigned to four groups (Patton, 1987) based on morphological characters 
of the cranium and baculum, diploid number and provenance data. Using the diploid number alone, 
the specimens were allocated to three groups: 2n = 28 (two species), 2n = 38 and 2n = 40.

Proechimys gr. longicaudatus

Individuals with 28 chromosomes from the region of the mid-Madeira River had 14m + 
4sm + 2st + 6a + XX/XY and FN = 46. The sex chromosomes were metacentric, with the X larger 
than the Y. Three chromosome pairs were significantly larger than the others (first metacentric pair, 
first acrocentric pair and the subtelocentric pair) (Figures 1a and 2a). The G band allowed the cor-
rect pairing of the majority of homologous chromosomes (Figures 1c and 2c). The G band pattern 

Localities	 Geographic	 Species/Specimen collection number
	 location

Mid-Madeira River
   Boca do Juma, 	 06°00ꞌS	 P. gr. longicaudatus/INPA 4749, INPA 4762, INPA 4764, INPA 4789
      right bank of Madeira River	 60°10ꞌW
   Açaí Lake, 	 06°00ꞌS	 P. gr. longicaudatus/INPA 4754, INPA 4757
      left bank of Aripuanã River	 60°12ꞌW
   Cachoeirinha, 	 05°29ꞌS	 P. gardneri/INPA 4796
      left bank of Madeira River	 60°49ꞌW
   Pau Rosa trail, 	 06°17ꞌS	 P. gr. longicaudatus/INPA 5410
      right bank of Aripuanã River	 60°23ꞌW
   Igarapé Arauazinho, 	 06°17ꞌS	 P. gr. longicaudatus/INPA 5401, INPA 5414, INPA 4798
      left bank of  Aripuanã River	 60°23ꞌW
   Community Bela Vista (Xada Lake), 	 05°14ꞌS	 P. gardneri/INPA 5376, INPA 5383, INPA 5390, INPA 5391, INPA 5395, INPA 5396
      left bank of Madeira River	 60°42ꞌW
Jari River Valley
   Trail 56*	 0°42ꞌS	 P. gr. guyannensis/INPA 5044, INPA 5045
      Monte Dourado	 52°40ꞌW
   Area 14*	 0°49ꞌS	 P. gr. guyannensis/INPA 5052, INPA 5053, INPA 5054
      Monte Dourado	 52°39ꞌW
   Area 55*	 0°35ꞌS	 P. gr. guyannensis/INPA 5229
      Monte Dourado	 52°39ꞌW
   Mata da Bituba*	 01°11ꞌS	 P. cuvieri/INPA 5050
      Monte Dourado	 52°38ꞌW

Table 1. Collection area, geographic location and registry number of the species analyzed (Proechimys).

*Names used by local residents.
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of the four largest chromosome pairs and the pair with the NOR were identical in all individuals. 
The NOR was located interstitially in the long arm of the second submetacentric pair (pair 9), co-
inciding with a secondary constriction visible with conventional staining. Five individuals from the 
right bank of the Aripuanã River (mid-Madeira River) exhibited heteromorphism in the size of the 
NOR in one of the homologues (duplication of NOR site), which was not found in the individuals 
from the left bank of the Aripuanã River and suggests two cytotypes: A (Figure 1b) and B (Figure 
2b). The pattern of constitutive heterochromatin also separated the individuals into two cytotypes. 
Cytotype A (4 males and 1 female) was characterized by exhibiting pericentromeric heterochro-
matic blocks in three metacentric pairs (5, 6, 7), the pair with the NOR (9), three acrocentric pairs 
(11, 12 and 13), and on the X and Y chromosomes. In addition to the pericentromeric labeling, 
there was also a small band in the proximal region of the X chromosome (Figure 1d). Cytotype B 
(4 males and 1 female) was characterized by exhibiting strongly labeled heterochromatic blocks in 
the pericentromeric region of all chromosomes, including the sex chromosomes (Figure 2d).

Figure 1. Karyotype characteristics of Proechimys gr. longicaudatus (2n = 28) - cytotype A.  a. Conventional 
staining; b. NOR (chromosomes with greater amplification); c. G band; d. C band.
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Proechimys cuvieri

The only individual (female) with 28 chromosomes in the Jari River Valley had 
14m + 4sm + 2st + 6a + XX/XY and FN = 46. The X chromosome was metacentric. Three 
chromosome pairs were significantly larger than the others: the first metacentric pair, the 
first acrocentric pair and the subtelocentric pair (Figure 3a). G banding allowed the cor-
rect pairing of the majority of homologous chromosomes (Figure 3c) and also aided in the 
determination of the sex chromosomes. The NOR was located interstitially in the long arm 
of the second submetacentric pair (pair 9), which was in a region with secondary constric-
tion (Figure 3b). The constitutive heterochromatin pattern exhibited pericentromeric het-
erochromatic blocks in three metacentric pairs (5, 6, 7), the pair with the NOR (9), three 
acrocentric pairs (11, 12, 13), and the X chromosome. Along with the pericentromeric 

Figure 2. Karyotype characteristics of Proechimys gr. longicaudatus (2n = 28) - cytotype A. a. Conventional 
staining; b. NOR; c. G band; d. C band. Highlight = sex chromosomes of opposite sex.
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labeling of the X chromosome, one of the homologues also exhibited a small band in the 
proximal region (Figure 3d). 

Figure 3. Karyotype characteristics of Proechimys cuvieri (2n = 28). a. Conventional staining; b. NOR; 
c. G band; d. C band.

Proechimys gr. guyannensis

The individuals with 38 chromosomes (4 males and 2 females) from the Jari River Val-
ley had 6m + 4sm + 6st + 20a + XX/XY and FN = 52. The X chromosome was subtelocentric 
and the Y was a small acrocentric chromosome. The three subtelomeric pairs were significantly 
larger than the other chromosomes of the complement (Figure 4a). G banding allowed the pre-
cise pairing of all homologues (Figure 4c). The NOR was located interstitially in the long arm 
of the second submetacentric pair (pair 5) in a region with secondary constriction (Figure 4b). 
The constitutive heterochromatin was exhibited with faint labeling in the pericentric region of 
the majority of chromosomes, including the X chromosome. The subtelocentric chromosomes 
had no labeling. The Y chromosome was completely heterochromatic (Figure 4d). 
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Proechimys gardneri

The individuals with 40 chromosomes from the left bank of the Madeira River had 
12m + 4sm + 22a + XX/XY and FN = 54. The X and Y chromosomes were acrocentric and 
of medium and small sizes, respectively, in relation to the other chromosomes of the comple-
ment. Pairs 1 and 2 (m), 7 (sm), 9, 10, and 11 (a) were significantly larger than other chromo-
somes with the same morphology (Figure 5a). G banding allowed the correct pairing of the 
homologues and aided in the determination of the sex chromosomes (Figure 5c). The NOR 
was located interstitially in the long arm of the second submetacentric pair (pair 8) (Figure 5b). 
The constitutive heterochromatin pattern exhibited conspicuous blocks in the pericentromeric 
region of pairs 3, 4, 5, 6, 9, and 19 (all acrocentric) and on the X chromosome, where as the Y 
chromosome exhibited no labeling (Figure 5d). 

Figure 4. Karyotype characteristics of Proechimys gr. guyannensis (2n = 38). a. Conventional staining; b. NOR; c. 
G band; d. C band. Highlight = sex chromosomes of opposite sex.
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DISCUSSION

Karyological studies on Proechimys have been carried out since the early 1970s (Pat-
ton and Gardner, 1972). In a more recent cytogenetic revision of the genus, 52 karyotype 
forms were identified, with a diploid number ranging from 14 to 62 chromosomes (Weksler et 
al., 2001). In a compilation of chromosome data for Proechimys, including the present study, 
we found 61 karyotypic forms (Table 2) for the same 25 species listed in Wilson and Reeder 
(2005). Chromosome banding methods began to be employed in the late 1970s (Barros, 1978), 
but there are as yet very few studies on Proechimys involving these methods.

Proechimys gr. longicaudatus and P. cuvieri (2n = 28)

A diploid number of 28 chromosomes has been reported for six species of Proechimys 
(P. longicaudatus, P. quadruplicatus, P. brevicauda, P. cuvieri, P. sp 1, and P. sp 3), with intra-
species and interspecies variations in the FN (Table 2).

Figure 5. Karyotype characteristics of Proechimys gardneri (2n = 40). a. Conventional staining; b. NOR; c. G 
band; d. C band. Highlight = sex chromosomes of opposite sex.
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Group*/Species	 2n	 NF	 Locality	 Reference

   guyannensis
P. roberti (oris)	 30	 56	 Curuá-Una and Primavera (Pará, Brazil)	 10, 16
P. roberti	 30	 54-55	 Goiás, Tocantins, Maranhão (Brazil)	 26
P. roberti	 30	 56	 Uruçuí-Una (Piuí, Brazil); Paranã, Peixe (Tocantins, Brazil);	 17
			   Cláudia, Gaucha do Norte, Vila Rica (Mato Grosso, Brazil)
P. cherriei	 40	 54	 Cairara del Orinoco, Venezuela	 23
Proechimys sp A	 38	 52	 Barcelos and Santa Isabel (Amazonas, Brazil) 	   4
Proechimys gr. guyannensis	 38	 52	 Jari River Valley (Pará, Brazil)	 This study
P. guyannensis	 40	 54	 Cayenne and Saül, French Guyana	 24
P. guyannensis	 40	 56	 Balta, Peru	 20
P. guyannensis	 46	 50	 Usina Hidrelétrica de Balbina (Uatumã River)	 27
Proechimys sp B	 46	 50	 São João da Baliza (Roraima, Brazil)	   4
   goeldii
P. goeldii	 24	 42	 Xingu River (Pará, Brazil)	 21
P. steerei	 24	 40-42	 Juruá River (Amazonas, Brazil)	 21
P. steerei	 24	 42	 Pucallpa, Loreto and Balta (Peru)	 10, 20, 23
P. cf. steerei	 24	 44	 Ucayali, Peru	   2
P. amphichoricus	 26	 44	 Território Federal Amazonas, Venezuela	 23
P. quadruplicatus	 28	 44	 Limoncocha (Napo, Ecuador)	 10
P. quadruplicatus	 28	 42	 La Poza (Santiago, Peru); Lago Meduiním,	   4, 10, 21
			   Amazonas (Brazil)
   longicaudatus
P. longicaudatus	 28	 46	 right bank of mid-Madeira River (Brazil)	 This study
P. longicaudatus	 28	 48	 Jamari River (Rondônia, Brazil), Juruena and
			   Aripuanã (Mato Grosso, Brazil)	 16, 17
P. longicaudatus	 28	 50	 Apiacás (Mato Grosso, Brazil),
			   Parque Nacional das Emas (Goiás, Brazil)	 17, 25
P. brevicauda  	 28	 48	 Juruá River, Acre (Brazil)	 21
P. brevicauda	 28	 48	 Tambopata River (Madre de Dios, Peru)	 10
P. brevicauda (longicaudatus)	 28	 50	 Tingo María (Peru)	 10, 19, 20
P. brevicauda (longicaudatus)	 28	 50	 Balta (Peru)	 10, 19, 20
P. brevicauda (longicaudatus)	 28	 50	 Curanja River (Ucayali, Peru)	 10, 19, 20
P. brevicauda	 30	 48	 Cenepa River (Amazonas, Peru)	 10
P. gularis	 30	 48	 Limoncocha (Napo, Ecuador)	 10
Proechimys sp 1	 28	 51-52	 Ucayali (Peru)	   2
Proechimys sp 2	 30	 50	 Ucayali (Peru)	   2
Proechimys sp 3	 28	 51-52	 Loreto (Peru)	   2
Proechimys sp 4	 34	 56	 Loreto (Peru)	   2
Proechimys gr. longicaudatus	 30	 52	 Jamari River (Rondônia, Brazil)	 16
   simonsi
P. simonsii (hendeei)	 32	 58	 Balta (Peru); Putumayo (Colombia)	 20, 23
P. simonsii 	 32	 58	 Ecuador and south of Peru	 10
P. cf. simonsii	 32	 57-58	 Ucayali (Loreto, Peru)	   2
   cuvieri
P. cuvieri	 28	 46	 Usina Hidrelétrica de Balbina (Uatumã River),	 18, 21, 27, This study
			   Macaco (Jaú River); Manaus and Cuieiras River;
			   Jari River Valley (Brazil)
P. cuvieri	 28	 48	 Altamira (Pará, Brazil)	 21
P. cuvieri	 28	 50	 Cayenne (French Guyana); Acre (Brazil)	 21, 24
   trinitatis
P. poliopus	 42	 72	 Táchira, Zulia, Merida (Venezuela)	 23
P. poliopus	 42	 76	 Kasmera, Los Andes del Tucuco (Venezuela)	   1
P. guairae	      44-50	 72	 Aragua (Venezuela)	 22
P. guairae	      46-52	 72-74	 El Limon Turimo, Palmero, Turém, Cueva de Agua e	   1
			   San Juan de Areo (Venezuela)
P. guairae	 46	 68	 Aragua, Carabobo, Falcon (Venezuela)	 23
P. guairae	 46	 70	 Ocumare, Aragua (Venezuela)	 11
P. mincae	 48	 68	 Minca, Magdalena (Colombia)	 10
P. guairae spp	 50	 66	 Cojedes, Portuguesa (Venezuela)	 23
P. trinitatis	 62	 80	 Cueva del Guacharo (Venezuela)	   1
P. trinitatis (P. urichi)	 62	 76	 Monagas (Venezuela)	 23

Table 2. Chromosome forms determined for the genus Proechimys compiled from the literature and revised, 
together with data from the present study.

Continued on next page
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2n = diploid number; FN = number of arms; between parentheses = names in the original literature; *Groups sensu Patton 
1987 (modified from Weksler et al., 2001). +Patton and Gardner (1972) refer to specimens from Balta, Peru, such as P. 
guyannensis, whereas Patton (1987) denominated them Proechimys sp, temporarily including them in the cuvieri group. 
In 1998, Silva included the Balta specimens in the new species P. pattoni. Considering the morphological differences 
and the inexistence of molecular evidence associating this species to any of the groups of Proechimys defined by Patton 
(1987), the option was made to not determine the group to which P. pattoni would be associated. 1 = Aguilera and Corti, 
1994; 2 = Aniskin, 1994; 3 = Barros, 1978; 4 = Bonvicino et al., 2005; 5 = Bueno and Gomez-Laverde, 1993; 6 = Bueno 
et al., 1989; 7 = da Silva, 1998; 8 = Emmons, 1982; 9 = Emmons and Feer, 1997; 10 = Gardner and Emmons, 1984; 11 = 
George and Weir, 1973; 12 = Gomez-Laverde et al., 1990; 13 = King, 1993; 14 = Lara et al., 1996; 15 = Lara and Patton, 
2000; 16 = Leal-Mesquita, 1991; 17 = Machado et al., 2005; 18 = Maia and Langguth, 1993; 19 = Patton, 1987; 20 = 
Patton and Gardner, 1972; 21 = Patton et al., 2000; 22 = Reig, 1989; 23 = Reig and Useche, 1976; 24 = Reig et al., 1979; 
25 = Rodrigues et al., 2002; 26 = Weksler et al., 2001; 27 =  da Silva et al., 2001.

P. urichi (Proechimys sp)	 62	 66	 Barinas (Venezuela)	 23
Proechimys sp semispinosus	 62	 74	 Guaquitas, Tierra Buena Las Matas, La Nulita (Venezuela)	   1
P. semispinosus	 30	 50	 Ilha Gorgona, Choco (Colombia)	   5, 12
P. semispinosus	 30	 52	 Santa Rosa (Ecuador)	 10
P. semispinosus	 30	 50-54	 Limón (Costa Rica); Canal Zone (Panama);	 10, 20
			   Valle (Colombia); Esmeraldas and El Oro (Ecuador)
P. semispinosus	 30	 54	 Cariari (Costa Rica)	 20
P. oconnelli	 32	 52	 Meta (Colombia)	 10
   canicollis
P. canicollis	 24	 44	 Bonda, Magdalena (Colombia); Cachiri River (Venezuela)	   1, 10
   decumanus
P. decumanus	 30	 54	 Aguas Verdes, Tumbes (Peru); Guayas, El Oro (Ecuador)	 10
   Not certain
P. pattoni+	 40	 56	 Upper Juruá River (Acre, Brazil); Ucayali, Madre de Dios,	   7, 20, 19
			   Puno, Balta, Loreto (Peru)
P. gardneri	 40	 54	 left bank of mid Madeira River (Amazonas, Brazil)	 This study
P. gardneri	 40	 56	 Juruá River (Amazonas, Brazil); Abuna and General	   7
			   Frederico Roman (Bolivia)
P. echinothrix	 32	 60	 Juruá River (Amazonas, Brazil)	   7
P. kulinae	 34	 52	 Juruá River (Amazonas, Brazil)	   7
Proechimys sp 5	      14-16	 18	 Amazonas (Brazil)	   3
Proechimys sp 6	 30	 52	 Jamari River (Rondônia, Brazil)	 16
Proechimys sp 7	 32	 54	 Boyacá (Colombia)	   6
Proechimys sp 8	 44	 52	 Acampamento Cabo Frio (Amazonas, Brazil)	 16

Table 2. Continued.

Group*/Species	 2n	 NF	 Locality	 Reference

Chromosomally, P. cuvieri from the Jari River Valley resembles P. cuvieri from the 
region of the Uatumã River, differing in the nomenclature of the largest chromosome pair 
(Maia and Langguth, 1993) and the morphology of the sex chromosomes, as the X and Y 
chromosomes are acrocentric in P. cuvieri from the Uatumã region and metacentric in the 
Jari region, with the X larger than the Y chromosome in both cases. It is possible that this dif-
ferentiation is due to pericentric inversion chromosome rearrangements. Thus, even with the 
autosomal complements of these two populations being equal, the differences found in the sex 
chromosomes and C-band pattern are sufficient traits for suggesting that they represent dis-
tinct evolutionary units and as such two different species. The Jari karyotype is reported here 
for the first time for the genus.

Patton (1987) considered the P. cuvieri group monotypic, although he pointed out the 
distinctiveness of specimens from Balta, Peru [these specimens were referred to by Patton and 
Gardner (1972) as P. guyannensis, and later, were assigned to P. pattoni by da Silva (1998)]. 
However, at least three karyotypic forms have been described for P. cuvieri, all with 2n = 
28 chromosomes, but with the FN varying from 46 (Maia and Langguth, 1993; Patton et al., 
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2000; present study), 48 (Patton et al., 2000) to 50 (Reig et al., 1979; Patton et al., 2000). This 
suggests that P. cuvieri may be a species complex.

For P. gr. longicaudatus, this is also the first record of a population with 28 chromo-
somes and FN = 46. Three other cytotypes with this same diploid number have been reported 
for the regions of the upper Madeira River and the State of Goiás, with variation in FN (48-50) 
and morphology of the sex chromosomes (a medium-size submetacentric X and small acro-
centric Y in individuals from the upper Madeira; acrocentric X and Y, with the X larger than 
the Y in populations in Goiás, and metacentric X and Y chromosomes, with the X larger than 
the Y in the region of the mid-Madeira River). It is possible that pericentric inversions gave 
rise to this chromosome diversity, but in an independent fashion on the X and Y chromosomes.

Considering the geographic distribution proposed for P. gr. longicaudatus by Patton, 
1987, the data described by Machado et al. (2005) and the provenance of our samples, the east-
ern geographic limit of the P. longicaudatus group extends to the right bank of the Aripuanã 
River and the State of Goiás to the southeast (Figure 6).

Figure 6. Distribution map of karyotype forms of the longicaudatus group. Dark area denotes geographic distribution 
proposed for group (Patton, 1987); crosshatched area denotes proposed broadening of distribution. 1 = Proechimys gularis 
(2n = 30, NFA = 48) Napo, Equador (Gardner and Emmons, 1984); 2 = P. brevicauda (2n = 30, NFA = 48) Cenepa River, 
Peru (Gardner and Emmons, 1984); 3 = Proechimys sp 3  (2n = 28, NFA = 51-52) Loreto, Peru (Aniskin, 1994); 4 = 
Proechimys sp 4 (2n = 34, NFA = 56) Loreto, Peru (Aniskin, 1994); 5 = P. brevicauda (2n = 28, NFA = 50) Tingo María, 
Peru (Gardner and Emmons, 1984; Patton, 1987; Patton and Gardner, 1972); 6 = P. brevicauda (2n = 28, NFA = 50) Curanja 
River, Ucayali, Peru (Gardner and Emmons, 1984; Patton, 1987; Patton and Gardner, 1972); 7 = Proechimys sp 1 (2n = 
28, NFA = 51-52) Ucayali, Peru (Aniskin, 1994); 8 = Proechimys sp 2 (2n = 30, NFA = 50), Ucayali, Peru (Aniskin, 1994); 
9 =  P. brevicauda (2n = 28, NFA = 48) Juruá River, Acre, Brazil (Patton et al., 2000); 10 = P. brevicauda (2n = 28, NFA = 
50) Balta, Peru (Gardner and Emmons, 1984; Patton, 1987; Patton and Gardner, 1972); 11 = P. brevicauda (2n = 28, NFA 
= 48), Tambopata River, Madre de Dios, Peru (Gardner and Emmons, 1984); 12 = P. longicaudatus (2n = 28, NFA = 48), 
Jamari River, Mato Grosso, Brazil (Leal-Mesquita, 1991; Machado et al., 2005); 13 = P. gr. longicaudatus (2n = 30, NFA 
= 52) Jamari River, Mato Grosso, Brazil (Leal-Mesquita, 1991); 14 = P. gr. longicaudatus (2n = 28, NFA = 46) right bank 
of Madeira River, Amazonas, Brazil (present study); 15 and 16 = P. longicaudatus (2n = 28, NFA = 48) Aripuanã (15) and 
Juruena (16), Mato Grosso, Brazil (Machado et al., 2005); 17 and 18 = P. longicaudatus (2n = 28, NFA = 50) Apiacás, Mato 
Grosso (17) and Parque Nacional das Emas, Goiás (18), Brazil (Machado et al., 2005; Rodrigues et al., 2002).
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Proechimys gr. guyannensis (2n = 38)

A diploid number of 38 chromosomes have been previously described for Proechi-
mys sp A from the upper Negro River by Bonvicino et al. (2005). The karyotype described 
here for Proechimys gr. guyannensis is identical to that. However, these authors (op. cit.) 
classify the X chromosome as being acrocentric and of medium size, while we considered 
the X chromosome as subtelocentric and of medium size. A comparison of Figure 4 from 
this study and Figure 2 from Bonvicino et al. (2005) suggests a single karyotype, with a 
difference in chromosome classification.

Based on molecular evidence, Bonvicino et al. (2005) also associated animals with 
2n = 38 chromosomes from the upper Negro River to the guyannensis group (Patton, 1987). 
The distance separating the upper Negro site and the Jari region is gigantic (1100 km), and 
a more refined geographic sampling in the area between those sites is highly recommended 
in order to evaluate the specific status of these animals. Nevertheless, it is interesting to note 
that to date, 2n = 38 chromosomes in Proechimys are delimited by the Negro River to the 
west and by the Amazon River to the south (Figure 7).

Figure 7. Map of locations of occurrence of Proechimys (2n = 38). Dark area denotes geographic distribution 
delimited by the Negro River (to the west) and Amazon River (to the south); 1 = Proechimys sp A, upper Negro 
River, State of Amazonas (Bonvicino et al., 2005); 2 = Proechimys gr. guyannensis, Jari River Valley, State of 
Pará (present study).

Proechimys gardneri (2n = 40)

Individuals from the mid-Madeira River with a diploid number of 40 chromosomes are 
tentatively identified as P. gardneri based on morphological and cytogenetic characters, but relative 
to P. gardneri from the Juruá River, they are larger, more robust and have more rigid aristiform hair.

To date, there are four known species with a diploid number of 40 chromosomes: P. 
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cherriei, P. guyannensis (both with FN = 54), P. pattoni and P. gardneri (both with FN = 56) 
(Table 2). Although the karyotype of P. gardneri from the Madeira River analyzed in the pres-
ent study has the same diploid and fundamental numbers as P. guyannensis in French Guyana 
and P. cherriei in Venezuela (Reig and Useche, 1976; Reig et al., 1979), morphologically, their 
autosomal and sex chromosomes are more similar to those of P. gardneri and P. pattoni, both 
from the Juruá River. The sex chromosomes (X and Y) in P. gardneri from the mid-Madeira 
River are acrocentric with the X larger than the Y, while the X chromosome in the species from 
French Guyana and Venezuela with FN = 54 is subtelocentric.

Our study suggests that P. gardneri is more diverse than previously thought, with at least 
two different karyotypes within the group. Moreover, it also suggests a broader geographic distri-
bution, possibly with the eastern limit at the Madeira River, with the Solimões River and a small 
stretch of the Amazon River (to the mouth of the Madeira River) as the northern limit (Figure 8).

Figure 8. Distribution map of karyotype forms of Proechimys gardneri. Dark area denotes proposed distribution 
for the species (da Silva, 1998); crosshatched area denotes increase in the distribution proposed in present study; 
1 = Altamira, Juruá River, Brazil (da Silva, 1998); 2 = Abuna Province, Bolivia (da Silva, 1998); 3 = General 
Federico Roman Province, Bolivia (da Silva, 1998); 4 = upper Urucu River, State of Amazonas, Brazil (da Silva, 
1998); 5 = left bank of mid Madeira River, State of Amazonas, Brazil (present study).

Chromosome banding in Proechimys

G banding was employed to compare the two Proechimys gr. longicaudatus cytotypes 
found in the present study with patterns observed in species of Proechimys with 2n = 28 chro-
mosomes reported in the literature (Machado et al., 2005; Bonvicino et al., 2005). For such, 
the largest chromosomes were used (chromosomes 1, 8, 9, 10, and 11) (Figures 4c and 5c), in 
which the band pattern had the greatest resolution and considerable homeology was found. For 
the remaining chromosomes of the complement, this comparison was not always precise due 
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to the quality of the bands and/or degree of condensation of the chromosomes.
All studies on species of Proechimys report a single NOR system with labeling coin-

ciding with a secondary constriction located in the distal region of the long arm of a medium-
size submetacentric pair (Yonenaga-Yassuda et al., 1985; Bueno et al., 1989; Gomez-Laverde 
et al., 1990; Leal-Mesquita, 1991; Maia and Langguth, 1993; Bueno and Gomez-Laverde, 
1993; Machado et al., 2005). This pattern was also observed in the species we analyzed. How-
ever, the position of this pair in the karyotype is different between species (pair 8 in P. gardne-
ri, pair 9 in P. cuvieri and P. gr. longicaudatus and pair 5 in Proechimys gr. guyannensis). This 
is due to Robertsonian and non-Robertsonian rearrangements that occurred in the evolution-
ary process in this genus, altering the karyotype formula of the species but not involving the 
nucleolar pair. Thus, although the nucleolar pair is homeologous for all species of Proechimys 
and the entire Echimyidae family (Yonenaga-Yassuda et al., 1985), its position in the karyo-
type may be a species-specific marker.

In the specimens of P. gr. longicaudatus from the right bank of the Aripuanã River 
(cytotype A), the nucleolar pair was heteromorphic, which may be due to a duplication of the 
ribosomal site in one of the homologues (Figure 4b) or an unequal crossing over. Within the 
family Echimyidae, Yonenaga-Yassuda et al. (1985) also reported a duplication of ribosomal 
sites in P. iheringi (currently elevated to the genus Trinomys) in the Atlantic Forest in the State 
of São Paulo. According to these authors (op. cit.), this size variation in the labeling was due 
to either a partial reduction or gain in rDNA genes. A similar variation has also been described 
for Trichomys apereoides (Yonenaga-Yassuda et al., 1985). Thus, this heteromorphism in the 
NOR may be a generic and/or population marker.

For C banding, data in the literature are limited to some Venezuelan species (Agu-
ilera and Pérez-Zapata, 1991; Aguilera and Corti, 1994), two Colombian species (Bueno et 
al., 1989; Gomez-Laverde et al., 1990) and some Brazilian species (Barros, 1978; Yonenaga-
Yassuda et al., 1985; Leal-Mesquita, 1991; Maia and Langguth, 1993; Bonvicino et al., 2005; 
Machado et al., 2005). However, even with the few studies that employ C banding, different 
patterns have been described for Proechimys.

In general, heterochromatic blocks are found in the centromeric regions of all (or at 
least the majority) chromosomes and, in some cases, interstitial labeling is also seen, especial-
ly on larger chromosomes. In the majority of species, the sex chromosomes also exhibit het-
erochromatic blocks in the centromeric region and the Y chromosome is, at times, completely 
heterochromatic (Maia and Langguth, 1993; Machado et al., 2005). With less frequency, pat-
terns are detected in which the pericentromeric region of only some chromosomes is labeled 
(Gomez-Laverde et al., 1990; Machado et al., 2005). It should be stressed that these patterns 
generally vary between populations and the intensity of the labeling may often be differenti-
ated between strong and faint.

Two C-band patterns were evident among the four species we analyzed: one in which 
all the chromosomes exhibited heterochromatic blocks in the centromeric region (P. gr. longi-
caudatus - cytotype B) and another in which only some chromosomes exhibited centromeric 
heterochromatic blocks (P. gr. longicaudatus - cytotype A, P. cuvieri, P. gardneri and Proechi-
mys gr. guyannensis). However, the number and type of chromosome with heterochromatic 
labeling was variable in the second pattern.

The X chromosome in all species studied had heterochromatic blocks in the centromeric 
region, whereas the Y chromosome that had centromeric blocks in P. gr. longicaudatus (both 
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cytotypes) and P. cuvieri was completely heterochromatic in Proechimys gr. guyannensis and had 
no labeling in P. gardneri. Thus, the Y chromosome can be considered a marker for species of 
the genus Proechimys from the morphological standpoint and with regard to the C-band pattern.

For P. gr. longicaudatus, different constitutive heterochromatin distribution patterns 
have been described for populations in the States of Rondônia and Goiás and the northern 
portion of the State of Mato Grosso (Machado et al., 2005). These authors report that three 
of these populations [Samuel Hydroelectric Plant (Rondônia), Aripuanã and Juruena (Mato 
Grosso)] exhibit all or nearly all chromosomes with heterochromatic blocks in the centromeric 
region, which is similar to the pattern described for P. gr. longicaudatus - cytotype B in the 
present study. However, the labeling of the sex chromosomes differs between these popula-
tions. The pattern in P. gr. longicaudatus - cytotype A was different from all the others, with 
centromeric labeling in only 16 chromosomes.

An alteration in the amount and distribution of heterochromatin has been considered 
one of the most common forms of chromosome evolution in mammals (Baker et al., 1987), as 
it influences the pairing of the homologues in mutation events and gene recombination events 
and consequently affects the speciation process (Robbins and Baker, 1981). Specifically for P. 
gr. longicaudatus analyzed in the present study, the C band and NOR data allow considering 
the two cytotypes from the region of the mid-Madeira River as two evolutionary units, differ-
ent from P. longicaudatus from the upper Maderia River (Machado et al., 2005).

Considering the existing taxonomic instability of Proechimys, a simple comparison of 
the chromosome data obtained here with those available in the literature becomes a difficult 
task. Due to the lack of a clear species taxonomic composition for the genus, the synonymiza-
tion of taxa may still be necessary There is also considerable overlap in the diploid number 
among different species, such as P. pattoni and P. gardneri from the region of the Juruá River, 
both with 2n = 40 chromosomes and FN = 56 (da Silva, 1998), but in this case species recogni-
tion was supported by morphological and molecular data. Moreover, what is currently consid-
ered a single species may have more than one karyotype form, such as in P. cuvieri, with 2n = 
28 chromosomes. But with some populations in the central and western Amazon with FN = 46 
(this study; Patton et al., 2000) and others in French Guyana and the central Amazon in Brazil 
with FN = 50 (Reig et al., 1979; Maia and Langguth, 1993) the true nature of this variation 
still needs to be ascertained.

In addition, there is yet no robust phylogeny for Proechimys in which phylogenetic rela-
tionships among species are well established, thus preventing any deeper analysis of chromosome 
evolution of this genus. da Silva (1998) presents the first molecular phylogeny for Proechimys 
based on the mitochondrial gene cytochrome b. Although it supported the differentiation of the 
13 taxa analyzed, there was no support for the deeper nodes of the tree and to date the phyloge-
netic relationships among species remain unclear. The clarification of all these questions largely 
depends on a more refined geographic sampling and comprehensive taxonomic revision of the ge-
nus, including ecological, morphological, genetic, karyologic data of available and new materials.

The cytogenetic data presented also demonstrate that chromosome banding is indis-
pensible to cytogenetic studies of Proechimys, as such methods allow the identification of 
genetically distinct populations and make the analysis more accurate. We also propose that 
for this group of rodents, unlike normally done for other mammals, that chromosomes should 
be organized in order of decreasing size within each morphological group (metacentric, sub-
metacentric, subtelocentric and acrocentric, as proposed by Levan et al., 1964) as has been 
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presented in the earlier studies of Proechimys cytogenetics (Reig and Useche, 1976; Reig et 
al., 1979; Patton et al., 2000). This would greatly facilitate the detection and comparison of 
subtler differences among karyotypes within Proechimys.
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