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Abstract Members of theNK-2 homeobox gene family Oguchi et al. 1995; Saiardi et al. 1995; Van Renterghem
are expressed in distinct parts of the central nervaisal. 1995). The sequence was deposited in the EMBL
system and in other non-neural territories not only in thieicleotide Sequence Database under accession number
fruitfly Drosophila melanogastebut also in vertebrates.AJ223618.

The murineNkx2.1(TTF-1, T/ebp gene was previously The expression oNKX2.1 was studied by whole-
shown to be active and indispensable in the developimgunt in situ hybridization in young chick embryos
forebrain, hypophysis, thyroid and lung. Here we repdHH3-21; Hamburger and Hamilton 1951) probing with
the early transcript distribution of the chidkKX2.1 the 1784-bp BamHI cDNA fragment. In situ hybridiza-
gene. By whole-mount in situ hybridization we detecttin and histology of whole embryos was performed as
novel transient expression domain in the early epiblagdéscribed, except that specimens from all stages were
Further expression occurs in the ventral medial endeated with proteinase K (Pera and Kessel 1997; Stein
derm, which becomes restricted to the anlage fieldsaofd Kessel 1995; Lemaire et al. 1997). The first, low
the thyroid and lung, in the ventral diencephalon and telnscript levels were detected in the ectoderm of primi-
encephalon. These findings suggest tiKX2.1is part tive streak embryos in two symmetrical, wing-shaped do-
of a Nkx code which specifies ventral territories in thenains extending from the middle of the streak towards

vertebrate embryo. the anterior pole (HH4; Figs. 1A, 2 A), which are main-
tained up to the head process stage (HH5; Fig. 1B). The
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the initial expression of thBrosophila NK-2/vndgene,
which is expressed in two longitudinal stripes of the
Results and discussion blastoderm flanking the prospective mesoderm (Jimenez
et al. 1995; Mellerick and Nirenberg 1995). Both
A randomly primed Lambda-ExCell (Pharmacia) cDNAIKX2.1andNK-2 demarcate cells of the early ectoderm,
library prepared from the head region of HH9 chickemhich do not gastrulate.
embryos was screened under low stringency conditionsShortly before head fold formation a strong expres-
with a probe derived from a 122-bp Avall/Pvull-hosion domain appears in the medial endoderm anterior to
meobox fragment of the chidRLX5 cDNA (Ferrari et the prechordal mesendoderm (HH5; Figs. 1B, 2B). It
al. 1995). A 1784-bp clone in the pExCell vector wagmsses over to the anterior intestinal portal and the ven-
obtained, which represented a complete cDNA for th@al midline of the foregut (Figs. 1C-G, 2D). Later it is
chicken NKX2.1 gene, an ortholog of the murindocused in two derivatives of the ventral foregut, first of
Nkx2.1 (TTF-1, T/ebp gene. The predicted chickall in the anlage of the thyroid (Fig. 1I, 3D) and then
NKX2.1 protein consists of 346 amino acids. Its primanore posteriorly in the developing trachea and lung
ry structure is very similar to the homologous proteirfBig. 3A,E,F). While this expression is suggestive of a
of rat, mouse, dog and of humans, including 100&ell lineage relationship, this connection is not proven at
identity within the homeodomain (Guazzi et al. 199@he present time.
As soon as the neural tube fuses anteriorly, a strong

Edited by R. Balling NKX2.1domain arises in the primordium of the ventral
E.M. Pera[]) - M. Kessel forebrain (HH£_3+; Figs. 1F.G, 2C). We recently demon-
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Fig. 1A-1 Early expression oNKX2.1mRNA in chick embryos signals from the ventral diencephalon (Ericson et al.
at the indicated stages (HH4-14; Hamburger and Hamilton 195{§95),

Linesindicate the levels of sections depicted in Figa& raedial : P _
anterior endodernmip anterior intestinal portaks anlage of cor- In accordance with recent descriptions of the expres

pus striatumpy prospective hypothalamusnode s streakth pri- ~ Sion and funCtiO_n_ OkaX_2_.1 h0_m9|095 in ameteS_,
mordium of the thyroid).Bar represents 80 pum iM—F and NKX2.1lgene activity specifies distinct ventral territories

100 pm inG-I within the foregut and forebrain (Lazzaro et al. 1991;
Price et al. 1992; Ericson et al. 1995; Shimamura et al.
1995; Kimura et al. 1996; Pera and Kessel 1997). In this
respectNKX2.1is reminiscent of other vertebrate mem-

. . b?rs of theNK2-family such asNkx2.2 2.3, 2.5, 2.7 or

ly the expression extends weakly into the floorplate §ig These genes are expressed in overlapping, non-iden-

the prospective midbrain, hindbrain and anterior spingly| expression domains in ventral territories, from

cord. From HH10 onwards, this neuroectodermal exyosily medial regions, such &X2.1 to more ventro-

pression is confined to the developing hypothalamusifjara] regions, such a8KX2.8 These patterns suggests

the ventral diencephalon (Figs. 1H,I, 2E, 3B'C'D$Iéﬁ existence of Alkx-code specifying regional differen-

i

When the anterior brain adopts a cranial and cervigakion in ventral parts of the vertebrate embryo (Boettger
flexure (HH13-14) an additional domain forms in thg; 5/ 1997 Lemgire and Kessel 1997). yo ( g

anlage of the medial corpus striatum in the ventral tel-
encephalon (Figs. 11, 2E, 3B,E). In vitro studies suggest
that this telencephalic expression is induced by planar
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Fig. 2A—E NKX2.1 expression in transversal sections of th8ection through a HHforebrain (see Fig. 1G). Note expression
stained embryos shown in Fig. Bar represents 100 um iA, in the hypothalamus anlaglyj above the prechordal platepj. D

120 pm inB, 200 pm inC and D and 1 mm inE. A Section Section through a HH%head at the hindbrain level (see Fig. 1G).
through a HH4 primitive streak (see Fig. 1A). Note expression Note expression in the medial ventral foregufg, E Section

the ectodermgg). B Section anterior of a HH5 neural plate (sethrough a HH14 head (see Fig. 11). Note expression in the primor-
Fig. 1B). Note expression in the medial anterior endodeen C dia of the hypothalamusy) and the medial corpus striatugsy

Fig. 3A—F Localization ofNKX2.1transcripts in a HH21 embryo. Acknowledgements We thank S. Stein for thBLX5 cDNA and

A Lateral view of the whole embrytinesindicate the levels of W. Behrens for excellent technical assistance. The authors are sup-
transversal sections i€—F. The asterisksindicate non-specific ported by the Max-Planck-Gesellschaft and SFB 271.

staining in the optic vesicles, the dark regions in the heart and tail-

bud do not represent specific stainiogrfiedial corpus striatunali
diencephalonhy hypothalamusin infundibulum, It lamina termin-
alis, Ig lung, mamammillary bodymemesencephaloic optic chi- References

asma,sh rhombencephalonmp Rathke’s pouchte telencephalonth

thyroid, tr trachea) Bar represents 1.2 mm iA, 300 um inB and Boettger T, Stein S, Kessel M (1997) The chick#§X2.8homeo-
400 um inC—F. B Mid-saggital section through the head. Note ex- box gene: a novel member of the NK-2 gene family. Dev
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Expression in the hypothalamus and thyroid. Note the strongly (1995) Sonic hedgehoinduces the differentiation of ventral
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