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Abstract

Comparative analysis of G- and C-banding patterns in two species of pygmy rice rats, namely Oligoryzomys
microtis from Peru (Ucayali and Loreto departments) and O. flavescens from Bolivia (Tarija department)
established that the diploid number of the former species is 64 (NFa = 66), whereas, in the latter, it varies
between 64 and 66 (NFa = 66-68) due to the presence of 0—2 heterochromatic supernumerary or B
chromosomes. The G-banding pattern of the euchromatic part of their karyotypes is similar in spite of differences
in morphology of the largest and smallest autosomal pairs caused by a centromeric shift and the presence of
heterochromatic arms, respectively. In addition, the total quantity of C-heterochromatin is smaller in the
karyotype of O. microtis than in that of O. flavescens, resulting in differences in the number and size of
chromosome pairs (including sex chromosomes) bearing C-blocks. It follows from present and previous data that
these karyotypic features are stable in each of these species and thus may be used as species-specific markers.

Introduction

Pygmy rice rats of the genus Oligoryzomys are an
important component of the Neotropical fauna. The
systematics of this genus is difficult owing to the
morphological homogeneity of its species, the num-
ber of which may vary from one to 30 depending on
taxonomists (Hershkovitz 1966, Tate 1932 cited by
Musser & Carleton 1993). The use of karyological
data for species discrimination turned out to be very
useful in this group, and until now the karyotypes of
10 of the 15 recognized species of Oligoryzomys
(Musser & Carleton 1993) have been described
(Brum-Zorilla et al. 1988, Espinosa & Reig 1991,

Gallardo & Palma 1990, Kasahara & Yonenaga-Yas-
suda 1984, Yonenaga-Yassuda ef al. 1976). Although
most of the karyotypes appeared invariant and spe-
cies specific, some of the species share quite similar
karyotypic characteristics and display intraspecific
variation in diploid number (2n) and chromosome
morphology. This is the case of O. microtis character-
ized by a diploid number of 64 and a number of
autosomal arms (NFa) of 66 (Gardner & Patton
1976), and of O. flavescens with 2n and NFa varying
between 64 and 66 and 66 and 68, respecitvely. As
revealed by chromosome banding, the variation in
both 2n and NFa in the latter species is caused by the
presence of 0—2 supernumerary or B chromosomes
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(Bs) (Brum-Zorilla et al. 1988, Espinosa & Reig
1991, Sbalqueiro et al. 1991). However, the Bs
notwithstanding, these karyotypes appeared morpho-
logically different after conventional Giemsa staining
in spite of a similar 2n and NFa. As chromosome
banding data were available for only one of the
species, we carried out a comparative chromosome
banding analysis (G- and C-bands) of both O. micro-
tis and O. flavescens to quantify the level of karyo-
typic divergence and the nature of chromosomal
changes which have occured between these two spe-
cies of Oligoryzomys.

Materials and methods

Specimens of pygmy rice rats of the species Oligory-
zomys microtis Allen 1916 and O. flavescens Water-
house 1837 were caught and karyotyped during field
trips in Peru and Bolivia between 1988 and 1993.
Twenty-five specimens of the former species were
captured in Peru, departments of Ucayali (08°22" S,
74°31" W: 11 females and 12 males) and Loreto
(04°51" S, 73°39" W: 2 males). Eight specimens (3
females and 5 males) of O. flavescens came from
Bolivia, Tarija department, (21°30" S, 64°25’ W).
Chromosome analysis was performed from bone
marrow preparations by standard colchicine methods.
The chromosomes of all specimens were studied by
G- (Seabright 1971), and C-banding (Sumner 1972).
At least twenty metaphases were analysed for each
specimen.

Results

The diploid number of all the O. microtis specimens
studied is 64 and the NFa is 66 (Figure 1a). One pair
of large and one pair of small metacentric autosomes
are present as well as 29 pairs of acrocentric auto-
somes gradually decreasing in size from intermediate
to small. The X chromosome is a middle-sized
subtelocentric characterized by size variation of its
short arm and the Y chromosome is a small meta-
centric.

The diploid number in O. flavescens varies be-
tween 64 and 66 owing to the presence of 0—2 Bs
(Figure 2a). Among the eight specimens studied,
three possessed 2 Bs, two 1 B and three no Bs. This
variation in B chromosome number resulted in a NFa

V. M. Aniskin & V. T. Volobouev

varying between 66 and 68. The karyotype of this
species basically comprises two pairs of small meta-
centric chromosomes (1 and 2), one pair of large
(pair 3) and 28 pairs of intermediate to small (pairs 4
to 32) acrocentric autosomes. The X chromosome is
submetacentric and characterized by size variation of
its short arm. The Y chromosome is a small meta-
centric similar in size to that of O. microtis.

It thus appears that, the Bs of O. flavescens aside,
both species share the same diploid and fundamental
numbers while showing clear differences in the
morphology of several chromosomes. In particular,
the biarmed chromosomes of O. flavescens include
two small metacentric pairs, whereas, in O. mictrotis,
they comprise one large and one small metacentric
pair. Acrocentric chromosomes in O. microtis form a
gradual series of decreasing size, whereas, in O.
flavescens, one acrocentric pair is much larger than
the others, being the largest of the whole chromoso-
mal set.

The G-banding technique allowed the unambigu-
ous identification of all chromosome pairs in both
species and the establishment of the nature of the
differences revealed by the standard chromosomal
analysis (Figures 1b & 2b). The comparative analysis
showed that the largest pairs of automsomes in both
karyotypes (metacentric in O. microtis and acro-
centric in O. flavescens) share an identical banding
pattern (Figure 3). This suggests that both are the
result of a tandem fusion involving the same ancestral
chromosomes, followed by the inactivation of a dif-
ferent centromere in each species. The banding pat-
tern of acrocentric chromosome 31 of O. microtis
corresponds to the long arm of chromosome 2 in O.
flavescens, the short arm of which is heterochromatic.
All the other chromosome pairs show identical band-
ing patterns as well as morphology in the two
species.

After C-banding, all autosomes in O. flavescens
display pericentric blocks of C-heterochromatin, and
several pairs show entirely heterochromatic short
arms. The short arm of the X chromosome is also
entirely heterochromatic, with interindividual size
variation. The Y chromosome has a C-band positive
block at the distal part of its long arm. The Bs are
entirely C-band positive. In O. microtis, only moder-
ate blocks of centromeric C-heterochromatin are
detected in most pairs of autosomes and on the short
arm of the X chromosome. The Y chromosome is
entirely C-band positive. Six pairs of autosomes
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Figure 1. Karyotype of Oligoryzomys microtis. (a) Standard Giemsa staining. (b) G-banding. (¢) C-banding. Scale bar represents 10 um.
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Figure 2. Karyotype of Oligoryzomys flavescens. (a) Standard Giemsa staining. (b) G-banding. (¢) C-banding. Scale bar represents 10 um.
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Figure 3. Comparison of G-banded chromosomes of Oligoryzomys flavescens (left) and O. microtis (right).

(pairs 1, 3, 4, 6, 7 and 9) show no centromeric
heterochromatin (Figures 1c & 2c).

Discussion

Previous data on the karyotype of O. flavescens came
from populations from Uruguay, Argentina and Bra-
zil (Brum-Zorilla et al. 1988, Espinosa & Reig 1991,
Sbalqueiro et al. 1991). These studies all showed a
karyotype structure and a variation of the X and B
chromosomes similar to those in the present study.
Besides, a karyotype identical to that of O. flavescens
was found in specimens initially referred to as Or-
yzomys sp. from Brazil (Yonenaga-Yassuda et al.
1976, Kasahara & Yonenaga-Yassuda 1984) and Ory-
zomys fornesi from Paraguay (Myers & Carleton

1981). The karyotypic identity and the similar nature
of their chromosome variation allowed Sbalqueiro et
al. (1991) to consider Oryzomys sp., O. fornesi and
O. flavescens as belonging to the same species with a
distribution area including Paraguay, south and
south-west Brazil, Uruguay and Argentina. The pre-
sent study supports this conclusion and adds Bolivia
to the distribution area of O. flavescens. It must be
noted that the above-mentioned conclusion of Sbal-
quiero et al. (1991) is cited by Musser & Carleton
(1993) when characterizing O. flavescens. However,
these authors also used the karyotypic data on O.
fornesi (Myers & Carelton 1981) to characterize O.
microtis, considering fornesi as its synonym. Such an
evident discrepancy needs to be eliminated in a future
edition of Mammal Species of the World.

The standard karyotype of O. microtis was pre-
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viously described in Peruvian populations (Loreto
and Ayacucho departments) under the name O. long-
icaudatus ‘variant 2’ but later referred to as O.
microtis (Musser & Carleton 1993). With the excep-
tion of the morphology of the Y chromosome (small
metacentric here vs. small acrocentric in Gardner &
Patton 1976), the present karyotype description is
similar to that of the latter authors and thus allows us
to include a new locality (Ucayali department) in the
geographical distribution of O. microtis.

The present study shows that the karyotypes of O.
microtis and O. flavescens differ from each other by
the presence of Bs, the morphology of two autosomal
pairs resulting from a centromeric shift and hetero-
chromatic arm addition respectively, and finally by
the quantity and distribution pattern of C-heterochro-
matin. These data as well as previous ones suggest
that these chromosomal features seem to be stable
within each species and thus may be used as species-
specific markers in further studies on the distribution
limits on these species.

Acknowledgements

The work was partially supported by a research grant
accorded to one of the authors (V.M.A.) by the French
Ministere de I’Education Nationale, de 1’Enseigne-
ment Supérieur et de la Recherche. We are grateful to
Dr L. Granjon (MNHN, Paris) and Dr J. Britton-
Davidian, Institut des Sciences de I’Evolution (Mont-
pellier), for critical reading and helpful suggestions
on the earlier draft of this manuscript. This is the
publication 99-3 of the MENRT-EA: 2586 — Sys-
tématique et évolution des Vertebrés Tétrapodes.

V. M. Aniskin & V. T. Volobouev

References

Brum-Zorilla N, Fronza TG, Wainberg R, Vidal Rioja L, Zwirner
N (1988) Oryzomys flavescens and O. delticola chromosomes
(Rodentia, Cricetidae) from Uruguay and Argentina. Caryologia
41: 275-288.

Espinosa MB, Reig OA (1991) Cytogenetics and karyosystematics
of South American oryzomyine rodents (Cricetidae, Sigmodonti-
nae). III. Banding karyotypes of Argentinian Oligoryzomys. Z
Sdugetierkunde 56: 306—317.

Gallardo MH, Palma E (1990) Systematics of Oryzomys longi-
caudatus (Rodentia: Muridae) in Chile. J Mammal 71: 333-342.

Gardner AL, Patton JL (1976) Karyotypic variation in oryzomyine
rodents (Cricetidae) with comments on chromosomal evolution
in the neotropical cricetine complex. Occ Pap Mus Zool Louisi-
ana State Univ 49: 1-48.

Hershkovitz P (1966) South American swamp and fossorial rats of
the scapteromyine group (Cricetinae, Muridae) with comments
on the glans penis in murid taxonomy. Z Sdugetierkunde 31:
81-149.

Kasahara S, Yonenaga-Yassuda Y (1984) A progress report of
cytogenetic data on Brazilian rodents. Rev Brasil Genet 7: 509—
533.

Musser GG, Carleton MD (1993) Family Muridae. In: Wilson DE,
Reeder DM, eds. Mammal Species of the World — A Taxonomic
and Geographic Reference. Washington: Smithsonian Inst. Press,
pp 501-755.

Myers P, Carleton MD (1981) The species of Oryzomys (Oligory-
zomys) in Paraguay and the identity of Azara’s ‘Rat sexiéme ou
Rat a Tarse Noir’. Misc Publ Mus Zool Univ Michigan 161: 1—
41.

Sbalqueiro 1J, Mattevi MS, Oliveira LFB, Soland MJV (1991) B
chromosome system in populations of Oryzomys flavescens
(Rodentia, Cricetidae) from southern Brazil. Acta Theriol 36:
193-199.

Seabright M (1971) A rapid technique for human chromosomes.
Lancet 2: 971-972.

Sumner AT (1972) A simple technique for demonstrating centro-
meric heterochromatin. Exp Cell Res 75: 304-306.

Yonenaga-Yassuda Y, Frota-Pessoa O, Kasahara S, Almeida EJC
(1976) Cytogenetic studies on Brazilian rodents. Cién Cult 28:
202-211.



