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Study of somite segmentation mechanism to determin abnormal spinal

column development

Kazuo ARAKI and Hiroyuki OKAMOTO

Abstract In the nursery production field, the frequent occurrence of abnormal spinal cord

development and curved bodies in fishflies is a big problem. In fish, osteoblasts are bone cells

from the sclerotome derived from a somite and they form into sclerofragments and attach to the

notochord to form the spinal cord. The analysis of the phenotypes of zebrafish and medaka mutants

having irregular somite development showed that irregular somite generation and segmentation

induces irregular spinal cord development. However, the mechanism underlying somite segmentation

has not been clarified. In this paper, we report our recent study about the detection and functional

analysis of genes that control somite segmentation.
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fss \THRD THEET 2 b D Th 72 (Figure 2 BIR),

Fig. 1. The gene thx24 is expressed in the presomitic mesoderm (PSM) . a, b: Dorsal (a) and ventral (b) views of

embryos at 60% epiboly stage. No signals are detected in the ventral region (below the arrowheads in b) . The red
signal indicates the expression of gsc. c—f: Dorsal views of the embryos at 80% epiboly stage (c), one—somite stage
(e), and five-somite stage (f) . A transverese section (d) at 80% epiboly stage shows that transcripts of ¢thx24 are
localized under below mesodermal cells (arrowheads) . g, h, Lateral views of embryos at the 20—somite stage (g)
and 26 h postfertilization (hpf, h) . The arrowhead in h indicates the residual signal of t6x24 transcripts. Images in a,
c, e, f, anterior to the top; in b, d, dorsal to the top; in g, h, Anterior to the left. Scale bars, 100 u m
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Fig. 2. Abrogation of the ¢Ax24 function inhibits somite segmentation. A: Injection of /bx24 morpholino inhibits segmentation
of PSM. The external morphology is shown in a—d. All embryos reached at least the five—somite stage. Arrowheads indicate
the positions of the unsegmented paraxial mesoderm (a, ¢) or somites (b, d) . Panels a and b show views of the left side.
¢ and d show the dorsal view. The anterior is oriented to the top. e, f, Parasagittal sections, at the paraxial mesoderm
level, of embryos injected with ¢Ax24 morpholino (e) and control embryos (f) at segmentation stage. The anterior is
oriented to the left. B; Injection of thx24 morpholino caused loss of segmented expression of myol) (compare a with d), a
premature termination of herl expression (b, e) and loss of mespa expression in PSM (¢, f) . Flat-mounted embryos are
shown, and the anterior is oriented to the left. Scale bars, 100 u m.
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Fig. 3. tbx24 can rescue fss phenotype. The £FcoR/ fragment containing /hx24 can rescue the fss phenotype at the morphological
(compare a, ¢ with b, d) and molecular levels (e—k) . The segmented expression patterns of myoD and /75 are partially rescued
(e and f, respectively), but they are lost in the mutant embryos (g and k, respectively) . h, Distribution of the open reading
frames encoding Thx24 in the ZcoRV fragment. Panels a and b show the left—side view, anterior to the left; ¢ and d show the dorsal
view, anterior to the left; e~k show flat—-mounted embryos, anterior to the left. Scale bars, 100 x m.
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Fig. 4. Comparison of expression pattern between tbx24 and other genes expressed on PSM. The gene tbx24 is

expressed in maturing PSM cells (a—d) . Comparison of

the expression domain of tAx24 (red) with those of myod (a),

mespa (b), herl (c), and tbx6 (d). The expression domains of mespa (b) and anterior stripes of 4er/ expression (c),
which are depend on Fss function, reside within the t6x24 expression domain. Flat—mounted samples (a—e) are shown;
the anterior is oriented to the left. 5 represents the forming somite. e, Schematic illustration showing the expression

pattern of genes examined above. Scale bars, 100 1 m
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Fig. 5. tbx24 is positively regulated by FGF signaling. The bases, incubated with FGF8 and BSA, were buried in the
PSM of a zebrafish embryo at the one—somite stage. These embryos reachrd the five—somite stage and their ¢bx24
expressions was analyzed. a, the expression domain of z6x24 extended in an anterior orientation with respect to FGF.
The white arrow head indicates the buried base incubated with FGE. b, BSS did not have an effect on the expression
domain of thx24. Arrow head shows the buried base incubated with BSA. ¢, d.: Pre—somitogenic stage zebrafish
embryos were treated with SU5402, an FGF signal inhibitor, or DMSO, and developed to the five—somite stage. c,
SU5402 inhibited tbx24 expression. d, DMSO did not affect the expression domain of thx24. The arrow head shows
the anteriormost expression of tbx24 in PSM. The anterior is oriented to the top. Scale bar, 50 © m
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Fig. 6. Expression of tbx24 in ace mutant embryos. a, c; tbx24 expression domain in wildtype embryos at four—somite
stage (a) and 12— somite stage (c) .b, d;¢hr24 expression domain in ace mutant embryos at four—somite stage (b)
and 12-somite stage (d) . ace mutant embryos produced only anterior eight somites. After the eight-somite stage,
ace mutant embryos expressed tbx24 very weakly. The anterior is oriented to the top
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Fig. 7. Two—dimentional electrophoresis of extracts of somite—stage embryos. We examined the extracts of control (a)
and fss mutant (b) embryos at the somite generation stage by two—dimentional electrophoresis.
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Fig. 8. Expression pattern of IL4-like protein 6. The IL4-like protein 6 gene was expressed in the anterior region of each
somite before the eight—somite stage (a) . After that, the IL4-like protein 6 gene was expressed in two posteriormost
somites (b) . The arrows indicate the expression of the IL4-like protein 6 gene.
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