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EMBRYONIC EXPRESSION OF CARP-OVX1
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Homeobox genes of animal species contain a well conserved sequence. the homeobox, which codes for a DNA-binding part of
the gene products. These genes have shown to be key elements during ontogeny by specification of positions in the embryo. The
best known examples are the Hox genes, clustered in 4 complexes in vertebrates, which show specific differential expression along
the anterior-posterior axis

In an attempt to clone Antennapedia-related homeobox genes and to study their expression patterns in the carp, we produced a
probe by PCR using primers derived from conserved sequences of the Antennapedia homeobox, using carp genomic DNA as a
template. An early segmentation stage cDNA library was screened, and positive clones were used for /n sitv hybridization and
dideoxy chain termination sequence analysis as described earlier (Stroband et al., 1985).

Among the positive clones, several represented genes belonging to,the Hox-complexes, as expected. One of the other positive
clones was a homologue of Owx7 (Burglin, 1993). Other veriebrate Ovx7 homologues are: chicken CHox7 (Fainsod and
Gruenbaum, 1989), human GBX7 (Matsui et al., 1993, Lin et al., 1996), mouse Gbx-2 (Boullet et al., 1995) and goldfish Gg-2
(Levine and Schechter, 1993). Furthermore, an Ovx7 homologue (Crs-Ovx7) was found in annelids (Dick and Buss, 1994).
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Figure 1: cDNA sequence and deduced amincacid sequence of carp-Ovx1. The homeodomain and the polyadenylation site are underlined. The
sequence is available from the EMBL database under Accession number X99910.

The sequence of this 1.4 kb clone, named casp-Ovx7, is given in fig.1. It contains parn of the protein coding
sequence and an untransiated region of 786 basepairs (bp). A polyadenylation signal is present at the 3' end, Gene |aa | bp
indicating that this UTR is complete. An open reading frame of 570 bp, coding for 190 aminoacids (aa) can be Go-2 100|100
deduced from the reading frame of the homeobox, which was found between positions 262 and 441. In the
table (right) the sequence of the homeobox of carp-Ovx7 is compared with that of five other genes. % Identity CHox7 1100 [82.8
are given. For G9-2and Crs-Ovx7 only part of the homeobox sequence was published. Downstream from the caxi losalsos
homeobox 43 aa were deduced, which show 86.1% identity with GBX7 (bp 79.9%) and 85.8% identity to Gbx2
(bp 68.3%). Conceming Chox7, only the first 18 aa are largely identical, probably because of a mistake in the Gbx2 [98.3|87.3
Chox7 sequence published, as also suggested by Matsui et al. (1993): exclusion of one base from the Chox7 ovsoueris.abrs s

sequence leads to 88.4% identity in this area (bp homology 78.1%). The stop codon at position 570 was found
at the comparable location in GBX7 and Gbx2. From the 8 aa directly upstream to the homeobox only 1 differs
between Chox7 and carp-Ovx7 (bp homology 80%). No homologies could be detected further upstream. We found 87 aa upstream
1o the homeobox, but the sequence is incomplete, since there are no in frame start codon and 5° UTR in the sequence. The
complete cDNA sequence of GBX2 includes 2151 bp, and codes for 347 amino acids (Lin et al., 1996). About similar figures were
described for its mouse homologue Gbx2 (Bouillet et al, 1995).

In situ hybridization (ISH) showed a localized expression pattern of carp-Ovx7 during gastrulation. Around the 50% epiboly stage,
when the formation of the hypoblast by involution of cells around the margin of the blastoderm was about to start, the mBNA was
detected in the germ ring. Most label was found in its dorsal part, with exception of the, most dorsally located, embryonic shield
(fig.2). Sections revealed the presence of label in all cells of the germ ring in the regions of gene expression. During subsequent
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Figures 2-4: ISH of carp gastrulae with carp-Ovx 7 antisense RNA probe. Fig. 2 shows a dorsal view of a 50% epiboly stage embryo. The
germ ring shows expression but in the embryonic shield area (arrow) almost no staining was found. Fig. 3: 70% epiboly, dorsal view.
Strong expression in two bands (arrows) on a distance from the germring. Fig. 4: Bud stage, lateral view. Band of strong expression
shifted further anteriorly. X 40. A = animal pole; G = germring; H = head; T = tail. From the embryos of figs. 2 and 3 the yolk was removed.

progression of epiboly, expression was progressively confined to dorsal areas, and after completion of epiboly it was restricted to
the dorsal half of the embryo. At 70% epiboly, expression had shifted from the germ ring to a band at about 40% of the distance
between the germ ring and the animal pole. Sections showed that in this area involuted cells as well as epiblast cells were stained,
most intense staining being present in the epiblast. The front of the involuting cells had progressed further in animal direction than
the position of the band with intense staining. From the band, expression faded away caudally, but left and right from the embryonic
axis a narrow zone of stronger expression runned caudally to the germ ring (fig. 3). At the tailbud stage, the band of strong
expression had shifted further in the direction of the animal pole (head) area and had narrowed further, so that only the dorsal third
of this part of the embryo was labelled (fig.4). Again, sections showed expression especially in the epiblast. During subsequent
somitogenesis expression was weak. Staining was visible near the midbrain/hindbrain border, in a yet not defined area lateral to the
hindbrain and in the tailbud. Very weak labelling was found in the spinal cord, but this could not yet be confirmed in sections.

The expression in the germ ring, at the onset of involution, suggests a function of carp-Ovx7 in gastrulation. However, involution
starts at the dorsally localized embryonic shield. This area did not show any label. Expression was alsc weak in ventral areas.
Theretore, it is not likely that Ovx7 is needed for involution to occur. As other homeobox genes, carmp-Ovx? shows differential
expression along the anterior-posterior axis. The area of expression in the epiblasts shifts anteriorly during gastrulation. Since
epiboly leads to movement of epiblast cells in the direction of the germ ring, i.e. caudally, it can be concluded that in subsequent
stages of gastrulation different cell populations express Qvx7. According to the fate map of the closely related zebrafish (Kimmel et
al., 1995), the cells expressing Ouvx7 at 50% epiboly might include presumptive endoderm and mesoderm cells. At later stages,
strongest expression is found in cells with a neurectodermal fate. The gradual restriction of gene expression to more dorsal areas
might well be the result of convergent movements of neurectodermal cells to the embryonic axis.

The pattern of expression of carp-Ovx7 has much in common with that of the mouse gastrulation and brain specific gene Gbx-2
(Bouillet et al., 1985), renamed Owx7 by Burglin (1993). At the early headfold stage, expression was found in the ectoderm, but not
in the headfold, and in mesoderm and endoderm it was restricted to the primitive streak area. Later, label was present at the
midbrain/hindbrain boundary, in the foregut and first pharyngeal arch and in the tailbud. From day 9 expression was found in the
brain, only caudal from the mesencephalon, and in the spinal cord. Together with the high measure of sequence ideniity in the
homeobox and flanking area, these comparable expression patterns lead to the conclusion that cap-Ovx! and Gbx-2 are very
close homologues.
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