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Short Communication

Analysis of the synaptonemal complex of the nine-banded armadillo,

Dasypus novemcinctus

Marcia Denise da Paixdo Scavonet, Claudio Oliveirat, Eduardo Bagagli? and Fausto Foresti*

Abstract

The synaptonemal complex (SC) of three specimens of the nine-banded armadillo (Dasypus novemcinctus) was analyzed. Thirty-two
bivalents (2n = 64) were observed, 31 of them being autosomesand onean XY sexual bivalent. Chromosome synapsis processes and
nucleolus structure changeswere analyzed in zygotene and pachytene cells, allowing adetailed description of the beginning of meiotic
prophasein this species. Therewas complete synapsisof X and'Y chromosomes. Some abnormalitiesin SC were observed in cells
during zygoteneand at the beginning of pachytene, but not in cellsin the middle and | ate pachytene, suggesting the occurrence of synaptic

adjustmentsin their SC.
INTRODUCTION

The Dasypodidae family has nine genera, and the ge-
nus Dasypus, six species. The speciesof thisfamily havea
highly conserved phenotype, making itstaxonomy problem-
atic (Jorgeet al., 1985). Widely distributed, the nine-banded
armadillo, D. novemcinctus, is found in northeastern Ar-
gentina, al of eastern South America, Central America,
Mexico, and in the southeastern part of the United States
(Storrset al., 1974). The importance of D. novemcinctus
asamode for basic research on reproduction and genetics
haslong been recognized (Storrset al., 1974).

The D. novemcinctus karyotype was described by
Beath et al. (1962), with 2n = 64 chromosomes, consist-
ing of two large metacentric pairs, four large acrocentric
pairs, 14 medium-sized acrocentric pairs, six medium-
sized metacentric pairs and five small acrocentric pairs.
The X chromosomeisalarge metacentricand the Y chro-
mosome is the smallest acrocentric. Benirschke et al.
(1969) and Jorge et al. (1985) found several chromosomal
polymorphismsin this speciesin North America.

One of the most important characteristics of thefirst
meiotic prophase is the presence of the synaptonemal
complex (SC), a protein structure formed at the begin-
ning of prophase | between the sister chromatids of each
bivalent. In the SC, kinetochores are seen as a prominent
differentiation of thelateral elements (LES), whilethete-
lomeres, attached to the nuclear envelope, are seen asdark
regionsin the SC extremities (Moses, 1977). New cyto-
logical techniques developed to analyze the SC have al-
lowed detailed studies of chromosome synapsis at meio-
sis, including the identification of zygotene and pachytene

substages (Solari, 1980; Dollin et al., 1989; Greenbaum
et al., 1990; Villagomez, 1993). Moreover, SC studies
have greatly contributed to karyotypic studies of several
species, mainly mammals (Gillies, 1989).

We examined SC in Dasypus novemcinctus sperma-
tocytes, in different zygotene and pachytene substages, to
determine the structure and behavior of the autosomes, sex
chromosomes, and nucleoli.

MATERIAL AND METHODS

Spermatogenic cellswere collected from three male
nine-banded armadill os, Dasypus novemcinctus, about one
year old, collected in Botucatu, SP, Brazil. The SCwasana
lyzed by the surface spread technique (Santos, 1993). Sper-
matocyteswerelysed with 0.01% Triton X100, fixed in 4%
paraformaldehyde and stained with 50% silver nitrate
(Howell and Black, 1980). SC weretransferred to 75-mesh
€l ectron microscope grids, examined with aPhillips EM 301
€l ectron microscope, at 80 kV, and photographed on K odak-
Eastman film. Photographs of 41 cellsweretaken.

RESULTS AND DISCUSSION

Complete cellsof D. novemcinctusin zygotene and
pachytene stages contained 32 bivalents, 31 autosomesand
one XY sex pair (Figure 1a). Previous cytogenetic studies
of this species also indicated 2n = 64 chromosomes in-
cluding the XY sex chromosomes (Beath et al., 1962;
Jorge et al., 1985). In the extremities of the LEs, darkly
stained telomeric plagues were observed, as has been
found for other organisms (Solari, 1989).
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Figure1 - Synaptonemal complex of Dasypus novemcinctus. a, Electron micrograph of aearly pachytene cell with 31 autosomal bivalentsand the XY sexual
bivalent (arrow). The arrowhead indicates the nucleolus organizer region; b, partial synaptonemal complex showing asynchrony at the beginning of the
synapsis process. Large arrow shows atotally paired bivalent and the small arrow points to a bivalent at the beginning of the pairing process; ¢, bivalent
with unsynapsed central region (large arrow) and bivalent with only one unsynapsed extremity (small arrow); d, bivalent with unsynapsed central region
(arrow); e, association of two bivalent telomeres (arrow); f, late zygotene showing that X (largearrow) and Y (small arrow) chromosome lateral elements
remain close but not synapsed; g, early pachytene showing the beginning of pairing of the sexual chromosomes; the large arrow shows the X chromosome
and the small arrow showsthe Y chromosome; h, medium pachytene showing total pairing of the sexual chromosomes. The unsynapsed portion becomes
heteropycnotic (arrow); i, late pachytene showing sexual vesicle. Scale=2 um.
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D. novemcinctus spermatocyteswere classified into
two substages of zygoteneand three substages of pachytene
by examination of autosome and sex chromosome LEs ac-
cording to criteriaproposed by Greenbaum et al. (1990).
Early and late zygotene processeswereidentified accord-
ing to the autosomal synapsis complexity. Theearly, middle
and late substages of pachytenewereidentified by the de-
gree of LE shortening, sexual vesicle condensation and
nucleolusdispersion.

Synapsisisasynchronousin D. novemcinctus. Totally
paired bivalentswere observed simultaneously with other
bivalentsat the beginning of the pairing process (Figure 1b).
Autosome synapsis beginseither at onetelomereand con-
tinueslinearly towardsthe opposite telomere or begins at
both telomeresand progressestowardsthe centromere (Fig-
ure 1c). These observations can be explained by the occur-
rence of one- and two-armed chromosomes (Beath et al .,
1962). D. novemcinctus autosome behavior resemblesthat
observed in other mammalian specieswith one- and two-
armed chromosomes (Moses, 1977; Gillies, 1989).

In some centromeric regionstherewasalonger delay
in LE synapsis (Figure 1d), possibly dueto the presence of
heterochromatic segments, which have been observed in
chromosomes of several armadillo species (Jorge et al .,
1985). Asynapsed aressat early pachytenehas been observed
in some heterochromatic human chromosome segments
(Solari, 1980) and more recently in other mammalian spe-
cies (Koykul and Basrur, 1995; Fagundes and Yonenaga-
Yassuda, 1996).

Nucleoli were identified in chromosomes 2 and 24.
Association of nucleoli with LEswasfrequently seen dur-
ing zygotene and early pachytene (Figure 1a). Thisassocia-
tion disappeared during themiddle and | ate pachytene. The
sequence of nucleolus fragmentation was similar to that
described for other mammals (Solari, 1989). Secondary
association of the nucleoluswith the XY bivalent, asseen
in humansand mice (Solari, 1989), was not observed.

In late zygotene unpaired sex chromosomeswerein
close proximity (Figure 1f). Synapsis of these chromo-
somes started during early pachytene in the long arm ex-
tremity of X chromosome (Figure 1g). Thisisa so observed
incattle (Switonski et al., 1990), mink (Koykul and Basrur,
1995) and mice (Fagundes and Yonenaga-Yassuda, 1996).
During middle pachytene, the homol ogous segment and the
pseudoautosomal portion of the sex chromosomewereal-
mogt totally synapsed. Theremainder of the X chromosome
wastotally heteropycnotic (Figure 1h). Synapsis of the sex
chromosomeswas compl eted during late pachytene, asin-
dicated by a marked thickening of the unsynapsed X seg-
ment and formation of the sexual vesicle (Figure 1i). Syn-
apsis of the sexua chromosomes occurred in a such way
thatthe X and Y chromosomesbecameentirely paired (Fig-
ure 1h). Complete X and Y chromosome synapsisis un-
common but has been observed in mammalian speciessuch
as mice (Joseph and Chandley, 1984), cats (Gillies and
Cowan, 1985) and mink (K oykul and Basrur, 1995).

Several chromosome pairing failureswere observed
inthe zygoteneand pachytene cells, e.g., telomere associa-
tions (Figure 1€), univalents, pairing delays and inter-
lockings. The frequency of these cell anomalies declined
from late zygoteneto late pachytene. Thiscould be because
synaptic adjustment reduces pairing failures, as has been
proposed for several mammalian species (Ashley et al.,
1981; Moses and Poorman, 1981; Gabriel-Robez et al.,
1986; Dollin et al., 1991).
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RESUMO

Foi analisado o complexo sinaptonémico (SC) detrésespé-
cimens detatu galinha (Dasypus novemcinctus). Foi observada
aocorrénciade 32 bivalentes (2n = 64), 31 dosquais correspon-
diam aos autossomos e um ao bivalente sexua XY. Osprocessos
desingpse cromossdmicaetransformagdo naestruturado nucléolo
foram analisados em células em zig6teno e paquiteno, permitindo
uma detalhada descricéo do inicio da préfase meidtica dessa
espécie. Umacaracteristicaimportante observadafoi o completo
emparelhamento doscromossomos X eY. Algumasanormalidades
do SC foram observadas em células em zig6teno enoinicio de
paquiteno, porém essas anormalidades ndo foram observadasem
células no meio e fim de paguiteno, sugerindo a ocorrénciade
ajustamentos singpticosno SC.
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