
Synaptonemal complexes and XY behavior in two species of
argentinian armadillos: Chaetophractus villosus and Dasypus
hybridus (Xenarthra, Dasypodidae)

R. B. SCIURANO, M.S. MERANI, JIMENA BUSTOS, AND A.J. SOLARI

Centro de Investigaciones en Reproducción (CIR)- Facultad de Medicina, UBA. Paraguay 2155, (1121) Buenos Aires, Ar-
gentina.

Key words: Xenarthra, XY chromosomes, meiosis, synaptonemal complexes

ABSTRACT: Spermatocytes from  the two armadillo species, C. villosus and D. hybridus were studied in
microspreads for synaptonemal complexes (SCs) and in thin sections for electron microscopy (EM). The
complete SC karyotype  generally agrees with previous reports on mitotic chromosomes, except for the sex
chromosomes. The X chromosome is submetacentric in both species and the Y is  the shortest one in C.
villosus and the second shortest in D. hybridus,  and an extremely acrocentric one.  A SC is formed along the
total length of the Y chromosome, and this SC persists along all the pachytene substages. A single recombi-
nation nodule (RN) is located in the region of the SC nearest to the attachment to the nuclear envelope. The
lateral element (LE) of the X axis in the SC shows a wavy aspect in most of the SC length distant from the
nuclear envelope. Nucleoli are attached to acrocentric or submetacentric bivalents, are visibly double in some
cells , and in thin sections show an elaborate nucleolonema. Some differences in the XY are species-specific,
as the higher degree of tangling and stronger heteropycnosis  in D. hybridus. The effective, single crossover of
the XY pair is highly localized, despite the permanence of a long tract of SC.

BIOCELL
2006, 30(1): 57-66

ISSN 0327 - 9545
PRINTED IN ARGENTINA

Introduction

Armadillos are included in the family Dasypodidae
of the order Xenarthra, which radiated in the past from
South America towards the Northern hemisphere.
Xenarthrans, and especially armadillos, are interesting
as living species related to a rich paleontological regis-
try,  which included among other,  glyptodonts classi-
cally studied in Argentina. Furthermore, their relatively
long ancestry and the special embryological features

(polyembriony) in the genus Dasypus makes armadil-
los an interesting material for cytogenetic and genomic
studies.

Recently, studies on the DNA of 12 of the 13 living
Xenarthra genera (Delsuc et al., 2002)  yielded strong
evidence that Xenarthra is one of the four major clades
of placental mammals, supporting the antiquity and basal
position of this order. Furthermore, the suborder
Cingulata, which comprises armadillos,  has been
analysed as regards molecular phylogeny, showing that
the genus Dasypus and the genus Chaetophractus are the
most phylogenetically distant (Delsuc et al., 2002), in
agreement with the large reported differences in sperm
size and structure (Cetica et al., 1993). Thus, an analysis
of meiosis centered on species of these two genera may
give clues to the whole suborder Cingulata, which in it-
self is one of the oldest radiations of eutherian mammals.
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Karyological studies of armadillos are scanty, and
most of them have been reviewed by Jorge et al. (1985).
Beath et al. (1962) and Jorge et al. (1985) have reported
karyotypes of species from the genus Dasypus, and a
single study of the synaptonemal complexes has been
reported on Dasypus novemcintus (Scavone et al., 2000).

The present paper is aimed to describe the synap-
tonemal complex karyotypes, the nucleolar features, and
the behaviour of the sex chromosomes in males from
two species, D. hybridus and C. villosus. The behaviour
of the XY pair shows that despite a rare permanence of
a full synaptonemal complex throughout pachytene,
which stretches along the complete Y chromosome, there
is a single recombination nodule (crossover) which is
located  towards the segment nearest to the nuclear en-
velope. In D. hybridus,  nucleolar organizers (NORs)
are located in a specific bivalent and elaborate nucle-
olar extensions are formed at early pachytene. The Y
chromosome seems to be structurally identical in both
species. The kinetochore of the Y is practically attached
to the telomere, making the Y an extremely acrocentric
chromosome, which is the smallest of the SC comple-
ment in C. villosus, and one of the two smallest ele-
ments in D. hybridus.

Materials and Methods

The animals were collected as part of a project on
Xenarthran biology (PICTR 74, Foncyt).

For this work, two male specimens of Chaeto-
phractus villosus, one collected at Pipinas, Provincia
de Buenos Aires, the other collected at Trenel, Provincia
de La Pampa, were trapped and carried to the labora-
tory under adequate care. One male specimen of Dasy-
pus hybridus was collected at Pipinas, Provincia de
Buenos Aires, and carried as above mentioned. The ani-
mals,  which were also studied in their anatomy and
other biological features, were hemicastrated or killed
under anesthesia, the testes removed and divided into
several pieces for different procedures. The sacrified
animals were deposited in the mammalian collection of
the Museo de la Universidad Nacional de La Plata
(UNLP). For general testicular histology the pieces were
fixed in Bouin fixative, embedded in paraffin and the
sections were stained with hematoxylin-eosin. For fine

structural cytology, the pieces were fixed in 2.5% glut-
araldehyde in 0.2 M cacodylate buffer, pH 7.2 and then
in OsO4, embedded in araldite and the thin sections  were
stained with uranyl acetate and lead citrate. For the spe-
cific analysis of synaptonemal complexes (SCs), a vari-
ant of the drying-down tecnique for SCs was used
(Solari, 1998). The spermatocytes were stained either
with 4% phosphotungstic acid (PTA) in ethanol or with
silver nitrate (Howell and Black, 1980). Electron mi-
croscopy was done with a Siemens Elmiskop electron
microscope, and magnifications were checked with a
calibration grid (Pelco International, Redding, Ca.,
USA). Micrographs were scanned and the digital data
were used for measurements with the software
Micromeasure (Reeves and Tear, 2000).

Results

Synaptonemal complex karyotypes and their parallel
mitotic karyotypes in C. villosus

The SC karyotype of C. villosus shows 29 autoso-
mal SCs and the XY pair (Fig. 1). This SC karyotype
corresponds to the already described chromosome num-
ber 2n =60 (Jorge et al., 1977, 1985). However, the or-
der of the SCs was done according to relative length
only, in order to have comparable sets from different
cells. The location of centromeres (kinetochores) was
observed in PTA-stained specimens, and this procedure
revealed 15 autosomal SCs with meta or- submetacen-
tric components and 14 autosomal SCs with acrocen-
tric elements. Thus, this classification agrees with that
of Jorge et al. (1977). However, the identification of
individual SCs in silver-stained nuclei, of #11-#13, #14-
#16 and #17-#21 was not possible, and thus in these
EM preparations there is ambiguity in the identity of
some of the SCs. On the other hand, #1 is always iden-
tifiable as the longest SC (with sub-medial kinetochore)
as well as the two smallest, acrocentric autosomal SCs
(#28 and #29). Three nucleoli were observed in the
majority of pachytene spermatocytes: in #6, #11 and in
#25. The latter is an obvious small submetacentric, which
presents its nucleolus in all the cells. More variable are
the presence of nucleoli in acrocentric #11 and the sub-
metacentric #6.

FIGURES 1 and 2. SC karyotypes of C. villosus (Fig. 1) and D. hybridus (Fig. 2). The three
nucleoli of C. villosus are attached to their NOR-bearing SCs. In Fig. 2, the single SC bearing the
nucleolus of D. hybridus is marked with an asterisk.
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SC karyotype of D. hybridus

The SC karyotype of D. hybridus agrees with that
reported for mitotic chromosomes, which is generally
described as 2n =64. In fact, we find 31 autosomal SCs
plus the XY pair, corresponding to a chromosome set
of 2n=64 (Fig. 2). As no PTA-stained specimens for
autosomes were studied in this species, we cannot com-
ment on the relationship with mitotic karyotype mor-
phology. On the other hand, a single SC was always
observed attached to the single, large and filamentous
nucleolus observed in pachytene nuclei. This is a small
SC, longer than the Y axis and the axis of the smallest
acrocentric SC. This NOR-containing SC could corre-
spond to #22 in the related species D. novemcinctus,
which  has been classified by Barroso and Seuanez
(1991) as submetacentric in that species.

It shoud be remarked that in D. hybridus the small-
est acrocentric is shorter than the Y axis.

General features of the XY pairs in both species

The general appearance of the XY pair is very simi-
lar in both species. It forms a conspicuously heteropyc-
notic body at advanced pachytene stages and it shows
two unequal axes (X axis and Y axis) in earlier stages
(Figs. 3 and 4). The absolute length of the Y axis in C.
villosus is 4.0 µm ± 0.8 µm (n=11). In D. hybridus the Y
axis is 4.1 µm ± 0.6 µm (n=8).

Relative lengths and centromeric indexes (CIs) of the X
and Y axes

The length ratio between the X axis and the Y axis

FIGURES 3 and 4. Electron micrographs of silver-stained XY pairs of C. villosus (Fig. 3)
and D. hybridus (Fig. 4) at early-mid-pachytene. The X-axis of C. villosus shows wavi-
ness or irregularities (arrowhead) in the upper part of the SC, and it splits into 4 strands
in the differential region (arrow). The Y axis of D. hybridus shows the kinetochore (KY)
as a dense protrusion before its ending. X 9,000.

FIGURES 5-8. Electron micrographs of the XY pairs of C. villosus ( Figs. 5 and 7) and D. hybridus (Figs.  6
and 8). In Fig. 5, PTA staining allows the detection of the grey protuberances of the autosomal kinetochores
(Kaut) and those of the X axis (Kx) and the Y axis (KY ). The kinetochore of the Y is almost terminal in both C.
villosus (Fig. 5) and in D. hybridus (Fig. 6). Figs. 7 and 8 correspond to late pachytene. While in C. villosus
there is a bridge in the differential part of the X-axis (arrowhead), in D. hybridus there is a net-like array. Figs.
5-6,  X 12,000. Figs 7-8, X 9,000.
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is : X/Y = 4.5,  n=5  in C. villosus, in early pachytene.
This ratio is  X/Y = 4.3,  n=3   in D. hybridus, also in
early pachytene.

The X axis can be measured only at early pachytene,
as in later substages it forms a net-like, filamentous ar-
ray in which it is not possible to perform measurements.

The general appearance and length of the Y axis
are nearly identical in both species. In PTA-stained
pachytene spermatocytes of C. villosus, the kinetochores
of both axes are clearly established: the Y axis is ex-
tremely acrocentric (CI = 0.1) and the X axis is sub-
metacentric  (CI = 0.25) (Fig. 5).

This was a surprising fact, as the X axis of C.
villosus has been described as clearly acrocentric (Jorge
et al., 1977). However, the centromere location in the X
of C. villosus showes a clearly defined short arm, which
is the one that pairs with the acrocentric Y (Fig. 5).

In D. hybridus the X is  submetacentric  and the Y,
as in C. villosus, is extremely acrocentric and one of the
two smallest of the set (Figs. 6 and 2).

Length of SC and variation with time

One of the striking peculiarities of the XY pair in
both C. villosus and D. hybridus is the constancy of its
length. This length is  SC (XY) = 3.7 µm ± 0.8 µm (C.
villosus, n=15)  and 4.1 µm ± 0.6 µm (D. hybridus, n=8).

The length of the SC, which covers practically all
the Y axis except its proximal end, is retained up to  the
more advanced pachytene substages (Figs. 7 and 8).

On the other hand, a few  XY pairs at a very early
stage (as shown by the total absence of axial differen-
tiations in the X axis and incomplete synapsis in auto-
somes), showed the proximal  part of the Y axis in un-
paired condition. At very early pachytene or late
zygotene, synapsis between the X and Y axes may be
incomplete, as 6% of the Y length may be unpaired at
these very early stages.

About half of the observed XY pairs showed either
twisting or irregularities in one LE of the XY SC. The
only affected axis in all cases was the X axis (Figs. 3 and
9). These irregularities correspond to the segment of the
SC which is more distant from the nuclear envelope.

Changes in the differential segment of the  X axis in
each species

In C. villosus the most striking differentiation of
the differential segment of the X axis is its splitting into
a number of strands, which is generally 4, (varying be-
tween 2 and 5). These strands seem to be branches and
anastomoses of the original axis, which follow the same
general direction. Some of these branches form bridges,
which extend between the arms of the loop formed by
the split X axis (Fig. 7).

There are some species-specific features in this
differential segment, as the net-like array is more com-
plex in D. hybridus, and the degree of heteropycnosis,
as shown by the density of the surrounding cromatin, is
much higher in D. hybridus when compared to C.
villosus (Fig. 10).

Localization of recombination nodules (RNs, crossovers)
in the XY pair

There is a single recombination nodule in the SC
of the XY pair, which is located in a short segment near
the attachment site of the SC with the nuclear envelope
(Figs. 9 and 11a).

The mean location of the RN is 1.2 µm ± 0.3 (n =
8) from the nuclear envelope, and its range is 1.6 µm to
0.82 µm (Fig. 11b). This restriction of RN location has
been found to agree with the location of a single cross-
over as shown by MLH1 immunolocalization (results
not shown). Furthermore, the SC segment harboring the
RN is always devoid of any of the irregularities or wavi-
ness above described (Figs. 3 and 9).

Thin sections

In thin sections,  the XY body appears as a densely
stained body attached to the nuclear envelope (Fig. 12a).
This body shows an evenly spaced and compact chro-
matin, and sections of single axes or pieces of SC near
the nuclear envelope.

In sections of D. hybridus, a large nucleolus is dis-
tinguished because of many long and curved expansions

FIGURES 9-11. Permanency of the SC in the XY pair and location of the crossover (recombination nodule,
RN).  In Figs. 9 and 11a, the RN is located on the central region of the SC, near its upper end  and before the
waviness of the X axis (arrowhead in fig. 9). Fig. 10 shows the permanency of the full SC at very late
pachytene in D. hybridus (silver staining). In Figure 11b the drawing at scale shows the average location of
the RN (asterisk) and its narrow range (segment, below) as regards the extremely acrocentric Y of C. villosus.
Figs. 9-11a, X 9,000.
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which can fuse to each other and have a finely granular
structure (Fig. 12b).

Discussion

Validation of karyological data of Dasypodidae

Our results are in general agreement with the karyo-
types described by Jorge et al. (1977) for C. villosus
and D. hybridus. However, while these authors have
claimed that the X chromosome of C. villosus is acro-
centric and that it has “a prominent paracentromeric C+
band” (Jorge et al., 1977), we have shown that the X
chromosome of C. villosus is submetacentric, with a
clearly defined short arm which is the one that pairs
with the acrocentric Y chromosome. The X axis of D.
hybridus is also submetacentric. Thus, the X chromo-
some from both species studied here are very similar in
morphology, and the Y chromosomes are also very simi-
lar in size, in the CI and in their behaviour (see Re-
sults). Our results also show that while the Y chromo-
some is the smallest element in C. villosus, it is not the
smallest one in D. hybridus. This fact points to a lack of
coherence in previous reports (Jorge et al., 1977, 1985)
that state that there are no differences between the karyo-
types of D. hybridus and that of D. novemcinctus, al-
though in karyotypes from male specimens the latter
species shows a longer Y chromosome. A re-examina-
tion of the karyotypes of males in largest samples of
specimens seems to be needed to define this problem.

Significance of permanent total synapsis of the Y chro-
mosome and differentiations in the unpaired segment of
the X chromosome

In a previous report on a different species (D.
novemvinctus) Scavone et al. (2000) have reported a
complete synapsis between the X and Y chromosomes,
and that the long arm of the X chromosome is the one
that pairs with the small acrocentric Y.

Our results show that complete XY synapsis is
shared with D. hybridus and C. villosus, two phyloge-
netically distant species of Cingulata, and thus this kind
of full pairing may be characteristic of the family
Dasipodidae. However, as shown in Results, in C.
villosus it is the short arm of the submetacentric X chro-

mosome the one that pairs with the Y axis and thus the
specificity of pairing in the species D. novemcinctus
remains to be tested. Despite some contrary claims
(Scavone et al., 2000), full synapsis between the XY
pair is transitory, to say the best, in most reported mam-
malian species (Solari, 1993). The permanent, total syn-
apsis between the Y and the corresponding region of
the X chromosome is actually seen only in the pres-
ently reported Xenarthran species and in the rodent
Galea musteloides (Solari et al., 1993) in which there
is also a peculiar dissociation of the SC in later pachytene
substages.

On the other hand, the X-axis differentiations
(splittings, mainly in C. villosus and net-like anasto-
mosing, mainly in D. hybridus) are found in varying
degrees of intensity, among many other mammalian
species.

Presence of a pseudoautosomal region in the XY pair

The present results show that there is a localized
region for the presence of recombination nodules in the
XY pair of C. villosus (also tested with MLH1 foci).
The recombinational region, commonly known as
pseudoautosomal region of the XY pair of mammals
(Solari, 1980, 1993) is here restricted to the  distal 30%
of the Y axis (see Results), near the nuclear envelope.
Thus, if  this narrow localization of recombination is
also present in the related species D. novemcinctus,  the
end-to-end attachment of the X and Y chromosomes at
first meiotic metaphase described by Barroso and
Seuanez (1991) would be explained as the result of a
terminal chiasma.

Evolutionary significance of  the behaviour of sex  chro-
mosomes in Dasypodidae

Among mammals, there are three different patterns
of behaviour of the meiotic sex chromosomes in the male
sex (Solari, 1993). In the most primitive ones, the sub-
class Prototheria (monotremes), represented by only
three living species (platypus and the echidnas) there is
no XY body, and there is a complex sex-chromosome
system including an X, a presumptive Y and 8 addi-
tional chromosomes that are associated by reciprocal
translocations  (Grutzner et al., 2004). On the other hand,
the marsupials (metatherians) have an XY system, and

FIGURES 12a-12b. Thin sections of spermatocytes from D. hybridus. In 12a the XY body (XY) formed by the XY
pair is shown as a mass of tightly packed chromatin attached to the nuclear envelope. In 12b one of the long, arm-
like expansions of the nucleolus is marked by an arrow. X 18,000.
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an XY body in spermatocytes, but they lack a SC be-
tween the X and Y (Solari and Bianchi, 1975; Solari,
1993) and the X and Y axes are associated by a special
“dense plate” (Solari and Bianchi, 1975) which has been
shown to contain the protein SCP3 of the lateral ele-
ments of the SC (Page et al., 2003).

Among eutherian mammals the rule (with some ex-
ceptions, reviewed in Solari, 1993) is that there is an XY
pair that forms an XY body in spermatocytes, and that
has a single recombination nodule (crossover) which is
highly localized near the nuclear envelope (Solari, 1993).

The present results add a new taxon to those al-
ready known to have recombination restriction in their
heteromorphic sex chromosomes (Solari, 1993). Given
the basal position of Xenarthra in the phylogenetic tree
of  eutherian mammals (see Introduction), it is chal-
lenging  to assume if some of the features of the XY
pair in Cingulata are primitive: that is, if full synapsis
of an extremely acrocentric Y, in which the distal re-
gion is the only one in which gene recombination oc-
curs, has some selective value, for instance, the inhibi-
tion of the proximal Y to engage in non-homologous
recombinational events, that could give rise to a mul-
tiple sex-chromosome system. It is left for wider explo-
rations of Xenarthran meiosis a conclusion on this mat-
ter. The localization of suitable markers, like the Sry
gene and some of the markers in the conserved X chro-
mosome would also be interesting for such phylogenetic
analysis. The interest in the basic genetics of these spe-
cies is furthered by the recognition that armadillos are
natural hosts of Trypanosoma cruzi type II, the preva-
lent agent of Chagas disease (Yeo et al., 2005).
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