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Summary — Synaptonemal complex (SC) analysis of XY pairing in the goat ( Capra hircus,
2n = 60) was investigated by electron microscopy for the first time in this species. Synapsis
of the X and Y chromosomes begins during the mid-late zygotene stage as the autosomes
complete their pairing. Only a small portion of the total length of the Y is paired with the
X chromosome at this time. By the early pachytene, almost 90% of the Y is paired with
the X. All the observed stages of the sex bivalent pairing showed the structural difference
between the differential and pairing regions. In the pairing region, a synaptonemal complex
is formed, while in the differential region the chromosome axes remain free.
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Résumé — Analyse du complexe synaptonémique du bivalent sexuel chez la chévre.
L’analyse en microscopte électronique du complexe synaptonémique (SC) du bivalent
sexuel a, pour la premiére fois, été réalisée chez la chévre. Le processus d’appariement
des chromosomes X et Y commence dans la deuziéme partie du stade zygoténe, lorsque
les autosomes arrivent en fin d’appariement. Seule une petite portion de 'Y s’apparie
a4 UX. Au cours du stade pachyténe, 90% de I'Y est apparié a I’X. Toutes les étapes
observées de Uappariement du bivalent sexuel montrent une différence de structure entre
les régions appariées et celles non appariées. Dans la région d’appariement, un complexe
synaptonémique se forme tandis que dans la région différentielle les axes chromosomiques
demeurent libres.

complexe synaptonémique / méiose / pachyténe / bivalent XY / chévre
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INTRODUCTION

The sequence of sex bivalent pairing at the meiotic prophase in goats was studied for
the first time in this species, in preparations of spermatocytes obtained from males
at the beginning of reproductive age. The behavior of the X and Y chromosomes
at the meiotic prophase of goats was observed by electron microscopy (em). The
morphological changes of the sexual pair observed at pachytene are described here.

MATERIALS AND METHODS

Testicular biopsies were obtained from 2 Saanen buck-goats (Capra hircus;
2n = 60).

The preparations of microspread samples were made according to the technique
presented by Solari (1980). A droplet of the testicular cell suspension was added
to approximately 5 ml of a 0.5% NaCl hypotonic solution. The spread nuclei were
then picked up by touching slides pre-coated with plastic film to the surface of
the solution. The slides were immediately immersed in a Coplin jar containing
SDS fixative (4% paraformaldehyde and 0.03% SDS, pH 8, adjusted with sodium
tetraborate buffer) and incubated for 5 min at room temperature. The slides were
then held on the surface of the 0.4% Photoflo, pH 8 for 30 s and allowed to air
dry. Silver-nitrate staining was performed as described by Howell and Black (1980).
Nuclei were selected by light microscopy and covered with 50 or 75 mesh grids.
The plastic film with the attached nuclei and grids was detached from the slide by
floating on water and collected with resined paper. The magnification under em
was 4 200 x. Micrographs were enlarged 5 x. The XY bivalent was photographed
individually for detailed analysis.

RESULTS

The XY bivalent was observed in 70 spermatocytes. Thirty cells were complete,
with 28 normal autosomal bivalents and one XY bivalent (fig 1). Forty cells were
incomplete due to cellular disruption and overlapping of the grid network but the
analysis of the sexual bivalent was possible.

The unpaired sex chromosome axes showed thickening and stronger staining,
allowing easy identification (fig la). Figure 2 shows the sex bivalent at mid-late
zygotene, when the X and Y chromosomes are starting the pairing process. At
early pachytene, figure 3, the Y chromosome is almost completely paired with the
X. In figure 4a the sex bivalent is at mid-pachytene, showing the X and Y full
pairing. The sex bivalent at late pachytene is presented in figure 4b, showing the Y
chromosome still fully paired with the X.

DISCUSSION

The X and Y chromosomes axes showed a distinct aspect at pachytene, and they
clearly differ from the autosomal bivalents, as can be observed in figure 1. At mid-
late zygotene, when the autosomes are completing their pairing, the X and Y begin
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Fig 2. Sex bivalent at mid-late zygotene, when the X and Y chromosomes are starting
the pairing process with only a small part of the Y total length paired with the X. The
unpaired axes (differential region) are thickened. Magnification: 21 000 x.

the synapsis process with only a small part of the Y chromosome paired with the
X (figure 2). At the early pachytene, almost 90% of the Y is paired with the X
chromosome (figure 3).

All the observed stages of the sex bivalent pair showed the structural difference
between the differential and the pairing regions described by Solari (1970) for the
serial reconstruction of the mouse XY pair.

In the pairing region, an SC is formed, while in the differential region the
chromosome axes are free.

SC formation is accompanied by a thickening of the differential region of the X
and Y axes. This thickening has previously been observed in human (Solari, 1980),
Chinese hamsters (Moses, 1977), and rats (Joseph and Chandley, 1984) but its
meaning is still unknown. In spread technique preparations, this thickening is rarely
observed in autosomes, except in non-paired bivalent segments and in univalents.

The morphological changes of the X and Y chromosome differential regions,
which occur during pachytene, can be used as markers for the identification of their
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Fig 3. Early pachytene stage. Approximately 90% of the Y axis has synapsed with part
of the X chromosome to form a synaptonemal complex. The differential region of the X
retains an appearance similar to that in figure 2. Magnification: 21 000 x.

substages (Solari, 1980; Greenbaum et al, 1986). According to these authors, the
compaction and dilatation of the differential region characterize the early and mid-
pachytene. We can observe this feature in figures 2, 3 and 4. The late pachytene
is characterized by ‘cracks’ in the differential region (fig 4). In goats, at least
3 pachytene substages were identified, ie early, mid- and late pachytene, considering
the changes in the X chromosome differential region, since the Y chromosome is
fully paired with the X. The full pairing of the Y axis with the X has already been
observed in other mammalian species, such as rats (Joseph and Chandley, 1984)
and cats (Gillies and Cowan, 1985). According to Solari (personal communication),
such a complete pairing occurs when chromosome Y is very small in comparison to
the size of the X chromosome.
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Fig 4. Sex bivalent at mid- and late pachytene (respectively), which show the full pairing
of the Y axis with the X. The late pachytene is characterized by ‘cracks’ in the differential
region. Magnification: a. 16 500 x, b. 21 000 x.
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