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ABSTRACT—A cDNA clone for a sea cucumber T-box gene was isolated and characterized. Based on
molecular phylogenetic analysis it is concluded that the putative gene Hl-Tbr, encoded by the cDNA clone, is
a T-box gene of the T-brain subfamily and hence a homolog of the mouse T-brain-1 (Tbr-1) as well as of the
Xenopus Eomesodermin. In situ hybridization analysis of whole mount specimens showed that Hl-Tbr was
expressed in the invaginated cells at the early gastrula stage and the expression of the gene was scarcely
detectable by the end of the late gastrula stage.

INTRODUCTION

T-box genes encode a family of transcription factors that
are characterized by a putative DNA-binding domain
(Herrmann and Kispert, 1994; Bollag et al., 1994; Papaioannou
and Silver, 1998), known as the T-domain. Studies have shown
that they are conserved in a wide variety of animals and
appear to play a crucial role in development (Herrmann and
Kispert, 1994; Bollag et al., 1994; Papaioannou and Silver,
1998; Smith, 1999). The present study first reports the isola-
tion and characterization of a sea cucumber T-box gene, and
its expression during gastrulation.

MATERIALS AND METHODS

The sea cucumber Holothuria leucospilota was used. Fertiliza-
tion was done as noted previously (Maruyama, 1980), and embryos
were reared at 27–28°C. Primers for PCR amplification were 5'-TA(C/
T)AT(C/T)CA(C/T)CC(C/T)CC(A/C/G/T)GA(C/T)TC(A/C/G/T)CC-3' as
the sense-strand oligonucleotide and 5'-(A/G)AA(A/C/G/T)GC(C/
T)TT(A/C/G/T)GC(A/G)AA(A/C/G/T)GG(A/G)TT-3' as the antisense
oligonucleotide (Tagawa et al., 1998). Target fragments were ampli-
fied from a Holothuria leucospilota 25-hr gastrula cDNA library con-
structed in λ ZAPII (Stratagene). PCR products were sequenced with
an ABI PRISM dye primer cycle sequencing kit (Perkin Elmer). Using
PCR-derived clones, the cDNA library was screened under high
stringency conditions. A cDNA clone was obtained and used for se-
quencing. Both strands for the cDNA clone were sequenced. In situ
hybridization of whole-mount specimens proceeded with DIG-labeled
sense (control) and antisense RNA probes, synthesized in vitro from
a full-length cDNA clone.

Molecular phylogenetic relationships among T-box gene prod-
ucts were inferred by the neighbor-joining method (Saitou and Nei,

1987), analyzed using the software package PHYLIP (Felsenstein,
1985). Alignments of multiple protein sequences were made using
CLUSTAL W (Thompson et al., 1994). Regions of gaps and ques-
tionable homology were excluded from the analyses. Accession num-
bers in the DDBJ, EMBL or GenBank nucleotide sequence databases
for the sequences were: ascidian As-T2, D83265; mouse m-Tbx6,
U57331; Xenopus X-vegT, U59483; mouse m-Tbx5, U57330; mouse
m-Tbx4, U57329; Drosophila Dm-omb, M81796; mouse m-Tbx2,
U15566; Eomesodermin (Xenopus Eomesodermin), U75996; human
hu-Eomesodermin, AJ010280; mouse m-Eomesodermin, AF013281;
human hu-Tbr-1, U49250; mouse m-Tbr-1, U49251; Drosophila Dm-
Trg, S74163; ascidian As-T, D16441; starfish ApBra, AB018527; sea
urchin HpTa, D50332; Xenopus Xbra, M77243; amphioxus AmBra-1,
X91903; acorn worm PfBra, AB004912. Accession numbers in SWISS-
PROT database were: mouse m-Tbx1, P70323; mouse m-Tbx3,
P70324; zebrafish Zf-T, Q07998; amphioxus AmBra-2, P80492;
mouse m-T, P20293.

RESULTS AND DISCUSSION

Using a PCR-based method (see Materials and Meth-
ods), I isolated a cDNA clone for a sea cucumber T-box gene
(Hl-Tbr) from the Holothuria leucospilota gastrula cDNA library.
The nucleotide and deduced amino acid sequences of the
cDNA clone for Hl-Tbr are shown in Fig. 1. The cDNA was
3363 base pairs long and had an open reading frame that
predicted a polypeptide of 679 amino acids, in which nucle-
otide A is present at position –3 as in most translation
initiation sites in echinoderms (Mankad et al., 1998). The
T-domain was evident in the middle portion of the predicted
protein (Fig. 1), and was highly conserved when compared
with T-domains of other T-box gene products (data not shown).

On the basis of the molecular phylogenetic analysis, the
T-box gene family is grouped into at least five subfamilies,
Brachyury (T), Tbx1, Tbx6, Tbx2 and Tbr1 (Papaioannou and
Silver, 1998): the Tbr1 subfamily will be called the T-brain
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Fig. 1. Nucleotide and predicted amino acid sequences of the cDNA clone for Hl-Tbr. The T-domain is underlined.
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subfamily in this study (see below). For example, the Brachyury
subfamily contains two T-box genes isolated from sea urchins
(HpTa; Harada et al., 1995) and starfish (ApBra; Shoguchi et
al., 1999) of echinoderms (see Fig. 2).

To determine the subfamily to which the sea cucumber
homolog (Hl-Tbr) belongs, I aligned 117 amino acid sites of

the T-domains based upon maximum similarity, by which
molecular phylogenetic analysis was performed by the neigh-
bor-joining method (Saitou and Nei, 1987). As seen in Fig. 2,
Hl-Tbr is grouped as a T-brain subfamily gene. This subfamily
is comprised of mouse and human T-brain-1 or Tbr-1 (Bulfone
et al., 1995), Eomesodermin (Xenopus Eomesodermin) (Ryan

Fig. 2. Evolutionary relationship of Hl-Tbr with other T-domain proteins. Using 117 confidentially aligned sites of T-domain amino-acid resi-
dues, a molecular phylogenetic tree was constructed by the neighbor-joining method. The branch length is proportional to the number of amino
acid substitutions. The scale bar indicates 0.1 amino acid substitutions per position in the sequence.  The number at each branch indicates the
percentage of times that a node was supported in 100 bootstrap pseudoreplications.
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et al., 1996), mouse Eomesodermin (Wattler et al., 1998;
Ciruna and Rossant, 1999; Hancock et al., 1999), human
Eomes (Yi et al., 1999), and Hl-Tbr. This clade was supported
by the highest bootstrap value (100%; Felsenstein, 1985). In
addition, it appears that the Tbr1 group or the T-brain sub-
family except for the sea cucumber gene is comprised of two
subgroups, Tbr-1 and Eomesodermin (see Fig, 2). From these
results, it is concluded that the sea cucumber gene, Hl-Tbr, is
a homolog of Tbr-1 genes (mouse Tbr-1 and human Tbr-1) as
well as of Eomesodermin genes (Xenopus Eomesodermin,
mouse Eomesodermin and human Eomes).

It is well-known that these vertebrate T-brain genes are
expressed in a region of the developing forebrain; in mouse
Tbr-1 (Bulfone et al., 1995), in Xenopus Eomesodermin (Ryan
et al., 1998) and in mouse Eomesodermin (Ciruna and
Rossant, 1999; Hancock et al., 1999). In addition, a transient
expression mainly during gastrulation is also reported in the
Eomesodermin subgroup (Ryan et al., 1996; Ryan et al., 1998;

Ciruna and Rossant, 1999; Hancock et al., 1999), while no
such expression is reported in the Tbr-1 subgroup (mouse
Tbr-1).

Expression of the sea cucumber T-brain gene, Hl-Tbr, in
embryos under gastrulation was examined by whole-mount
in situ hybridization (Fig.3). No signals above background lev-
els were detectable when control (sense) probes were used.
Transcripts of Hl-Tbr were detected in the invaginated cells of
early gastrulae (Fig. 3A, B). It appears that the territory of the
gene expression may demarcate that of the initial invagina-
tion (cf. Fig. 3A, B). In advanced gastrulae (Fig. 3C), the sig-
nal is seen only around the middle-to-upper portion of the
archenteron. I note that some archenteric cells persisted in
exhibiting more or less intense signals (see Fig. 3C). Then,
by the end of the late gastrula, signals were barely detectable
in the embryos (Fig. 3D). In addition to the unambiguous
expression in the initially invaginated cells of the archenteron,
a very weak staining, sometimes, that of background level,

Fig. 3. Expression  of Hl-Tbr  in sea cucumber embryos.(A) Early gastrula 15 hr post-fertilization (pf), showing the signal in the cells at the
vegetal/posterior end, where invagination begins. Arrow, blastopore. (B) Early gastrula 18 hr pf, showing the signal in the invaginated cells. (C)
Gastrula 24 hr pf, showing the signal in the middle-to-upper portion of the archenteron. (D) Mouth-forming stage embryos 37 hr pf. Signals are
scarcely detectable.
Scale bar = 50 μm.
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was noticed in animal hemispheres, especially on one side of
the lateral gastrula-wall (data not shown); this pattern of stain-
ing disappeared in advanced gastrulae, too. An animal polar
region in the gastrulae did not exhibit such signals which may
suggest a specialized region (for example, the apical plate
region as is well-known in sea urchin embryos).

The expression of the sea cucumber T-brain subfamily
T-box gene during gastrulation was described in this study.
The predominant expression in the invaginated cells at the
initial step of archenteron formation may suggest a role for
the gene in this morphogenetic process as well as fate deci-
sion processes of the cells, giving rise to larval mesoderm
and probably some portion of the larval endoderm. In addi-
tion, I note that the expression pattern of the starfish T-brain
gene, Ap-Tbr, during gastrulation has been revealed (Shoguchi
et al., 2000), and that the predominant expression pattern of
Ap-Tbr at the early gastrula stage quite resembles that of Hl-
Tbr.

ACKNOWLEDGMENTS

The author is indebted to Prof. N. Satoh for his guidance and
assistance during the present study. Molecular cloning experiments
were carried out at Department of Zoology, Kyoto University and the
author is grateful to the staff of the department. The author also thanks
Dr. H. Takahashi for valuable suggestions on molecular techniques,
Dr. K. Tagawa for providing the degenerate primers, and Mr. E.
Shoguchi for help in preparing the molecular phylogenetic tree.

REFERENCES

Bollag RJ, Siegfried Z, Cebra-Thomas JA, Garvey N, Davison EM,
Silver LM (1994) An ancient family of embryonically expressed
mouse genes sharing a conserved protein motif with the T locus.
Nature Genetics 7: 383–389.

Bulfone A, Smiga SM, Shimamura K, Peterson A, Puelles L,
Rubenstein JLR (1995) T-brain-1: A homolog of Brachyury whose
expression defines molecularly distinct domains within the cere-
bral cortex. Neuron 15: 63–78.

Ciruna BG, Rossant J (1999) Expression of the T-box gene
Eomesodermin during early mouse development. Mech Dev 81:
199–203.

Felsenstein J (1985) Confidence limits on phylogenies: An approach
using the bootstrap. Evolution 39: 783–791.

Hancock SN, Agulnik SI, Silver LM, Papaioannou VE (1999) Map-
ping and expression analysis of the mouse ortholog of Xenopus
Eomesodermin. Mech Dev 81: 205–208.

Harada Y, Yasuo H, Satoh N (1995) A sea urchin homologue of the
chordate Brachyury (T) gene is expressed in the secondary mes-
enchyme founder cells. Development 121: 2747–2754.

Herrmann BG, Kispert A (1994) The T genes in embryogenesis.
Trends Genet 10: 280–286.

Mankad RV, Gimelbrant AA, McClintock TS (1998) Consensus trans-
lational initiation sites of marine invertebrate phyla. Biol Bull 195:
251–254.

Maruyama YK (1980) Artificial induction of oocyte maturation and
development in the sea cucumbers Holothuria leucospilota and
Holothuria pardalis. Biol Bull 158: 339–348.

Papaioannou VE, Silver LM (1998) The T-box gene family. BioEssays
20: 9–19.

Ryan K, Garrett N, Mitchell A, Gurdon, JB (1996) Eomesodermin, a
key early gene in Xenopus mesoderm differentiation. Cell 87:
989–1000.

Ryan K, Butler K, Bellefroid E, Gurdon JB (1998) Xenopus Eo-
mesodermin is expressed in neural differentiation. Mech Dev 75:
155–158.

Saitou N, Nei M (1987) The neighbor-joining method: A new method
for reconstructing phylogenetic trees. Mol Biol Evol 4: 406–425.

Shoguchi E, Satoh N, Maruyama YK (1999) Pattern of Brachyury gene
expression in starfish embryos resembles that of hemichordate
embryos but not of sea urchin embryos. Mech Dev 82: 185–189.

Shoguchi E, Satoh N, Maruyama YK (2000) A starfish homolog of
mouse T-brain-1 is expressed in the archenteron of Asterina
pectinifera embryos: Possible involvement of two T-box genes in
starfish gastrulation. Dev Growth Differ 42: 61–68.

Smith JC (1999) T-box genes. What they do and how they do it. Trends
Genet 15: 154–158.

Tagawa K, Humphreys T, Satoh N (1998) Novel pattern of Brachyury
gene expression in hemichordate embryos. Mech Dev 75: 139–
143.

Thompson JD, Higgins DG, Gibson TJ (1994) CLUSTAL W: Improv-
ing the sensitivity of progressive multiple sequence alignment
through sequence weighting, position-specific gap penalties and
weight matrix choice. Nucleic Acids Res 22: 4673–4680

Wattler S, Russ A, Evans M, Nehls M (1998) A combined analysis of
genomic and primary protein structure defines the phylogenetic
relationship of new members of the T-box family. Genomics 48:
24–33.

Yi CH, Terrett JA, Li QY, Ellington K, Packham EA, Armstrong-
Buisseret L, McClure P, Slingsby T, Brook JD (1999) Identifica-
tion, mapping, and phylogenomic analysis of four new human
members of the T-box gene family: EOMES, TBX6, TBX18, and
TBX19. Genomics 55: 10–20.

(Received September 20, 1999 / Accepted October 27, 1999)

Downloaded From: https://bioone.org/journals/Zoological-Science on 12 May 2024
Terms of Use: https://bioone.org/terms-of-use



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 250
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [596.000 795.000]
>> setpagedevice


