
Chromosomal localization of the telomeric (TTAGGG)n sequence in four

species of Armadillo (Dasypodidae) from Argentina: an approach to

explaining karyotype evolution in the Xenarthra

M. S. Lizarralde1,2*, A. D. Bolzán3, S. Poljak1,2, M. I. Pigozzi1, J. Bustos1 & M. S. Merani1

1Centro de Investigaciones en Reproducción (CIR), 2da Unidad Académica de Histologi
.́
a, Facultad de Medicina,

Universidad de Buenos Aires, Paraguay 2155, Piso10, 1121 Capital Federal, Argentina; Tel: +54-11-59509612/
+55-221-4210112; Fax: +54-11-59509612/+54-221-4253320; E-mail: mlizarralde@fmed.uba.ar; 2Centro
Austral de Investigaciones Cienti

.́
ficas, CADIC-CONICET, CC. 92, 9410 Ushuaia, Tierra del Fuego, Argentina;

3Instituto Multidisciplinario de Biologi
.́
a Celular, IMBICE, CC 403, 1900 La Plata, Buenos Aires, Argentina

*Correspondence

Received 8 September 2005. Received in revised form and accepted for publication by Herbert Macgregor 14 October 2005

Key words: armadillo, chromosome evolution, Dasypodidae, fluorescence in-situ hybridization, telomere,

Xenarthra

Abstract

The distribution of the vertebrate telomeric sequence (TTAGGG)n in four species of armadillos (Dasypodidae,

Xenarthra), i.e. Chaetophractus villosus (2n = 60), Chaetophractus vellerosus (2n = 62), Dasypus hybridus (2n =

64) and Zaedyus pichiy (2n = 62) was examined by FISH with a peptide nucleic acid (PNA) probe. Besides the

expected telomeric hybridization, interstitial (centromeric) locations of the (TTAGGG)n sequence were observed

in one chromosome pair of Chaetophractus vellerosus and Zaedyus pichiy, suggesting chromosome fusion of

ancestral chromosomes occurring during the evolution of Dasypodidae. In addition, all the species analysed

showed one to four apparently telocentric chromosomes, exhibiting only two telomeric signals. However, the

immunodetection study of kinetochore proteins on synaptonemal complex spreads from C. villosus showed that

the apparently telocentric chromosomes have a tiny short arm that can be resolved only in the more elongated

pachytene bivalents. This finding suggests that none of the species of armadillos possess true telocentric chro-

mosomes. Our present results support a reduction in the diploid number by fusion of acrocentrics with loss of

chromosome material as a tendency in Dasypodidae.

Introduction

The mammalian order Xenarthra is composed of 30

living species placed into two suborders: Cingulata,

represented by Dasypodidae (armadillos) and Pilosa,

represented by Myrmecophagidae (anteaters), Brady-

podidae (three-toed sloths) and Megalonychidae (two-

toed sloths) (Madsen et al. 2001, Delsuc et al. 2001,

2002, 2003, 2004). These animals are found from

the south-central and southeastern United States to

southern South America (Wetzel 1985). Armadillos

(Dasypodidae) are the oldest and most diverse lin-

eage of Xenarthra with 21 described species living

mostly in South America, 14 of which are present in

Argentina (Wetzel 1985).

Previous cytogenetic studies using conventional

staining and banding techniques have shown that

karyotypic evolution in Dasypodidae is characterized

by a high variability in chromosome number (ranging

from 2n = 38 to 2n = 64) and morphology (Jorge

Chromosome Research (2005) 13:777–784

DOI : 10.1007/s10577-005-1011-8

# Springer 2005



et al. 1977, 1985). At present, the only data on chro-

mosome polymorphisms described in armadillos

corresponds to one pericentric inversion of par 1 in

Chaetophractus villosus, which was described in an

isolated population of this species (Lopez et al. 1997,

Merani 2002). Despite all the studies on the cytoge-

netics of Dasypodidae performed so far, the precise

nature of the chromosomal rearrangements involved

in the karyotype evolution of this group of mammals

is still unknown. This is due to the fact that all of

these studies were restricted to conventional staining

and banding methods, and that banding pattern com-

parisons are difficult in Xenarthra due to the small

size of most of the chromosomes of the karyotype

(Jorge et al. 1977, 1985).

In order to better characterize the karyological

evolution of Dasypodidae, we decided to perform

an analysis of the distribution of the conserved

vertebrate telomeric sequence TTAGGG (Moyzis

et al. 1988, Meyne et al. 1989) on the chromosomes

of several species of armadillos. Telomeres are spe-

cialized nucleoproteic complexes localized at the

physical ends of linear eukaryotic chromosomes that

maintain their stability and integrity (McClintock 1941,

Blackburn 1991). Telomeres can be lost or gained

during speciation and karyotypic evolution (Meyne

et al. 1990) and in many species telomeric repeat

sequences Y the DNA component of telomeres Y
can be present at both telomeric and non-telomeric

sites of the chromosomes (Meyne et al. 1990, Multani

et al. 2001). The appearance of these non-telomeric

locations Y mainly at the centromeric or pericentro-

meric region of chromosomes Y is believed to result

from chromosomal fusion and fission events that

occurred during karyotype evolution of the species

(Meyne et al. 1990).

In this study, we localized the telomeric repeats

in the karyotypes of four species of armadillos of

Argentina: Chaetophractus villosus, Chaetophractus
vellerosus, Dasypus hybridus and Zaedyus pichiy
to identify possible chromosomal rearrangements

involving telomeres which occurred during the

evolution of Dasypodidae.

Materials and methods

Ten specimens belonging to the following species:

Dasypus hybridus, Chaetophractus villosus, Chaeto-
phractus vellerosus and Zaedyus pichiy were studied.

They were collected at several locations in the pro-

vinces of Buenos Aires (one male and one female of

C. villosus, one male and one female of C. vellerosus,

and one male and one female of D. hybridus), Santa

Cruz (two male of Z. pichiy) and Tierra del Fuego

(one male and one female of C. villosus), Argentina.

Data about locations where animals were collected

are reported elsewhere (Poljak et al. 2004a, 2004b).

Mitotic chromosomes were prepared from lym-

phocyte culture using RPMI 1640 Medium supple-

mented with 20% FBS and directly from bone

marrow cell suspension using standard techniques.

Routine karyotypic analysis was performed on the

preparations stained with 5% Giemsa solution. In

order to identify possible chromosome rearrange-

ments, metaphases of all the species studied were

G-banded according to the method of Seabright

(1971). C-banding was performed following the

technique of Sumner (1972).

Moreover, 2 males of C. villosus were processed to

obtain material for complementary meiosis studies.

Synaptonemal complex spreads were prepared from

seminiferous tubules from one testis of a hemi-

castrated individual. Briefly, seminiferous tubules

were minced in Hank’s balanced salt solution at

room temperature. One or two tubules were gently

squeezed between frosted glasses and the cells

resuspended in 100 mmol/L sucrose. About 60ml of

the cell suspension were dropped onto a glass slide

covered with fixative (1% paraformaldehyde, 0.15%

Triton X-100). Spreads were left in a humid chamber

for several hours, washed in Photoflo and used

immediately for immunostaining. The first antibody

was an antibody against the synaptonemal complex

protein 3 (SCP3, a gift from P. Moens, York

University, Canada) that labels the lateral elements

and anti-centromere human serum (a gift from W.

Brinkley, Baylor College of Medicine, Texas, USA)

that binds to centromeric proteins. Second antibodies

were goat anti-human FITC and goat anti-rabbit

Texas red (Jackson Immunoresearch). The second

antibodies were diluted 1:100 in PBT (PBS, 3% BSA

and 0.05% Triton X-100). Nuclei were counter-

stained with DAPI and mounted in glycerol contain-

ing antifade. Spreads were examined with a Leica

fluorescence microscope and photographed with

Kodak colour film using suitable filters for each

fluorochrome. Single-colour immunodetection was

used to obtain the exact position of the centromere

with respect to the corresponding synaptonemal com-
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plex, since some shifting may occur using super-

imposed images after double-colour immunostaining.

In order to detect the presence of (TTAGGG)n

repeats, fluorescence in-situ hybridization (FISH)

was performed on the metaphase chromosomes with

a Cy3-conjugated peptide nucleic acid (PNA) pan-

telomeric probe obtained from DAKOCytomation

(Glostrup, Denmark). FISH was performed according

to the instructions provided by the supplier. Signals

were observed using a Carl Zeiss (Germany) epi-

fluorescence microscope equipped with an HBO 100

mercury lamp and filters for DAPI and Cy3 (Chroma

Technology, USA). Ektachrome film, ASA 400

(Eastman Kodak Company, Rochester, NY) was

used for photography. Images were processed using

the Adobe Photoshop CS program.

Results and discussion

The cytogenetic analysis of the animals studied

showed the following karyotypic constitutions: 2n =

60 in C. villosus, 2n = 62 in C. vellerosus and Z.

pichiy and 2n = 64 in D. hybridus. It has to be

mentioned that the highest 2n number present in

armadillos corresponds to the genus Dasypus (Leitao

Barroso & Seuanez 1991). The standard karyotypes

of these species have been previously described

(Sáez et al. 1964, Meritt et al. 1973, Jorge et al.
1977, 1985, Pagliero et al. 1993, Rahn et al. 1994,

Merani 2002, Poljak et al. 2004a).

C. villosus and Z. pichiy both have 15 autosomal

pairs of biarmed chromosomes of large to small size,

whereas C. vellerosus has 14 autosomal pairs of

biarmed chromosomes and D. hybridus has the

higher number of acrocentrics with only 8 biarmed

chromosome pairs, all of them submetacentrics. The

X chromosome is a large submetacentric in all the

species analysed but the Y chromosome differs

between them. In effect, whereas the Y chromosome

is an acrocentric or subtelocentric of small size in

D. hybridus and C. villosus, it is the smallest chro-

mosome of the complement in Z. pichiy and C.
vellerosus. Our results are in good agreement with

the karyotypes of D. hybridus, C. villosus and Z.
pichiy described by Jorge et al. (1977). However,

Figure 1. Interspecies chromosome homologies after G-banding in the four species of armadillos examined.
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while these authors claimed that the X chromosome

in C. villosus is acrocentric, we found that this chro-

mosome is submetacentric (Figure 1).

The G- and C-banding patterns observed were

similar to the ones previously described (Jorge et al.
1977, Rahn et al. 1994). Due to the small size of

several pairs of chromosomes, G-banding pattern

comparisons between the four species examined were

difficult to perform. However, it was possible to

establish that chromosome 1 was conserved in Z.
pichiy, C. vellerosus and C. villosus, and that chro-

mosome 2 of Z. pichiy is completely homologous to

chromosome 3 of C. vellerosus and partially homol-

ogous to chromosome 9 of C. villosus (Figure 1). In

addition, the X chromosome was conserved in all

of the species studied (Figure 1). The differences in

Figure 2. In-situ localization of the telomeric sequence (TTAGGG)n on the metaphase chromosomes of Dasypus hybridus (A, male),

Chaetophractus villosus (B, male), Chaetophractus vellerosus (C, female; figure insert, male, showing the Y chromosome) and Zaedyus
pichiy (D, male). Arrowheads in C and D indicate the location of ITR. Letter BT^ indicates telocentric chromosomes.
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G-banding pattern between the chromosome 9 of

C. villosus and chromosomes 2 of Z. pichiy and 3 of

C. vellerosus indicate that this chromosome resulted

from structural rearrangements occurring in the karyo-

type evolution of C. villosus.
On the other hand, metaphases of all of the species

examined showed similar C-banding patterns, with

C-bands predominantly localized at the centromere

(data not shown).

The four species analysed showed discrete hybrid-

ization signals on both chromatids at the telomere

domains of all chromosomes, as expected (Figure

2AYD). Moreover, C. vellerosus and Z. pichiy also

showed the chromosome pair 30, the smallest of the

biarmed autosomes, with interstitial telomeric repeats

(ITR) located at the centromeric region (Figure 2C,

D). In addition, all the species analysed showed one

to four apparently telocentric chromosomes, exhibit-

ing only two telomeric signals (Figure 2AYD). In the

case of C. vellerosus and Z. pichiy, the telocentric

chromosome corresponds to the Y chromosome,

whereas, in C. villosus and D. hybridus, these

chromosomes correspond, respectively, to the four

and the two smallest autosomes of the karyotype.

The centric ITR observed in the metacentric pair 30

from C. vellerosus and Z. pichiy probably represent

telomeric sequences remaining after a chromosome

fusion process of acrocentric chromosomes. Due to

the small size of pair 30, Robertsonian fusions could

not be previously detected in G-banding studies

(Merani 2002). It is noteworthy to mention that the

location of the observed ITR coincides with C-bands

previously shown in C. vellerosus and Z. pichiy
(Rahn et al. 1994). This is therefore another case of a

Figure 3. Centromeric location in the smallest bivalent. Synaptonemal complex spread of a pachytene spermatocyte from Chaetophractus

villosus. Each bivalent is represented by one synaptonemal complex labelled with anti-SCP3 (red). Centromeres appear as bright signals

(yellow) overlapped to the autosomal synaptonemal complexes and to the axial elements of the XY pair. Inset: detail of the shortest autosomal

bivalent (arrow) showing a small short arm (arrowhead) distally located with respect to the centromeric signal.
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heterochromatic region marked by telomeric probes,

as found in many vertebrate species (Meyne et al.
1990, Multani et al. 2001).

The presence of only two telomeric signals in

some chromosomes (see Figure 2AYD) suggests that

they are of the telocentric type. However, we

performed immunodetection of kinetochore proteins

on synaptonemal complex spreads from C. villosus
in order to investigate if the centromeric DNA is

actually located at the telomeric position in the small

chromosome pairs with only two telomeric signals

(see above). Antibodies in CREST sera recognize

different kinetochore proteins related to the repetitive

DNA of the centromere in a number of vertebrates.

Therefore, the presence of these proteins can be

ascribed to the positions of centromeres. Pachytene

chromosomes were used because, at this stage, their

absolute axial lengths are relatively longer than those

of the corresponding mitotic chromosomes and

therefore give a better resolution. In double-immuno-

stained spreads, the signal corresponding to the syn-

aptonemal complex always exceeds the signal of

the centromere (Figure 3). It means that the smallest

chromosomes, that show only two telomeric signals

with FISH, have a tiny short arm that can be resolved

only in the more elongated pachytene bivalents.

These results are in agreement with electron micros-

copy observations of pachytene spreads in the same

species that showed kinetochore plates located near Y
not at the end of Y one telomere in the smallest

bivalents (Sciurano et al. unpublished).

The above findings suggest that none of the

species of armadillos posses true telocentric chromo-

somes. Therefore, the presence of only two telomeric

signals in those apparently telocentric chromosomes

found in the four species of armadillos studied here

could be ascribed to the fact that the short arms of

these chromosomes contain relatively few TTAGGG

repeats not detectable by the FISH technique. Alter-

natively, these TTAGGG repeats could be present

elsewhere in the genomes of the species analysed

without being observed by FISH. Clearly, further

studies will be needed to confirm this hypothesis.

Armadillos, anteaters and sloths represent the only

placental group with living representatives from the

initial South American mammalian stock (Patterson

& Pascual 1972). The earliest records of Xenarthra in

the Paleocene, about 58 million years ago (MYA),

suggest that the group probably originated earlier

during the Paleocene or even possibly during the

Late Cretaceous (Vizcaı́no 1994, Vizcaı́no et al.
1998, Oliveira & Bergqvist 1998, Delsuc et al.
2004). The species of the order Xenarthra have

diploid chromosome numbers ranging from 38 to

64 and the lowest number is present in the armadillo

Tolypeutes matacus (2n = 38) whereas all the others

species described have chromosome numbers

between 2n = 50 and 2n = 64.

Our present results allow us to hypothesize that

D. hybridus (2n = 64 and 8 biarmed chromosomes)

represents an ancestral karyotype in the evolution of

armadillos (Dasypodidae), whereas Z. pichiy (2n =

62 and 15 biarmed chromosomes), C. vellerosus (2n =

62 and 14 biarmed chromosomes) and C. villosus
(2n = 60 and 15 biarmed chromosomes) are closely

related species derived from an ancestral form with

2n = 64. Very likely, the karyotype evolution of

Z. pichiy andC. vellerosus involved a pair of chromo-

some fusions Y Robertsonian translocations (Meyne

et al. 1990, Slijepcevic 1998) without loss of

telomeres (as shown by the presence of ITR). Very

likely, biarmed chromosomes in Z. pichiy and

C. vellerosus appeared through Robertsonian fusions

and perhaps pericentric inversions occurring during

the evolution of Dasypodidae. Likewise, C. villosus
would have originated from C. vellerosus by a pair of

chromosome fusions not involving telomeres Y since

the karyotype of this species shows no ITRs Y
followed by a loss of chromosome material (as

observed by G-banding patterns comparison). Thus,

our present results support a reduction of the diploid

number by fusion of acrocentrics as a tendency in

Dasypodidae (2n = 64 to 2n = 62 to 2n = 60) with

loss of chromosome material.

The above hypothesis is supported by recent

studies regarding molecular phylogeny of Xenar-

thrans which suggest that the genus Dasypus arose

from a different branch from the genera Chaeto-

phractus and Zaedyus during the evolution of

armadillos (Delsuc et al. 2002, 2003, 2004), i.e. the

latter genera are much more related to each other

than to Dasypus. Moreover, a very recent study of

the DNA content of several groups of mammals,

including Xenarthra (Redi et al. 2005) showed that

Dasypus hybridus has a larger genome size (4.89 pcg

DNA) than the other species examined in our pres-

ent study, i.e. Chaetophractus vellerosus (4.46 pcg

DNA), Zaedyus pichiy (4.21pcg DNA) and Chaeto-
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phractus villosus (4.18 pcg DNA). These data shows

that the evolution of Dasypodidae occurred with a

loss of genetic material.

The extension of more sophisticated cytogenetic

techniques, like ZOO-FISH, to the species analysed

in the present work and other species of Dasypodidae

will provide further insights into the karyotype

evolution of Xenarthra. These studies are being

planned in our laboratory.
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nsula Antártica, Asociación

Paleontológica Argentina, Special Publication 5, 30: 3Y13.

Pagliaro FE, Rahn MI, Sassaroli JC, Raspal D, Merani MS (1993)
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