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Gene expression pattern

CMIX, a paired-type homeobox gene expressed before and during
formation of the avian primitive streak
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Abstract

We cloned a chicken homeobox gene closely related t&X#r@pus Mix.lgene.CMIX is expressed early in embryogenesis in a sickle-
shaped area in the posterior zone of the blastoderm. With the beginning of gastri@aibttranscripts are found in the primitive streak
primordium, then in the young and medium-sized streak, however not in the mesoderm after its emergence. In the fully-extended stre
CMIX s restricted to its middle, i.e. the prospective ventral mesod€iviiX RNA is undetectable by whole-mount in-situ analysis in later
stages. We compai@MIX expression to the early pattern of theachyurygene.[l 1998 Elsevier Science Ireland Ltd. All rights reserved
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In Xenopusthe two closely-related genddix.1 (Rosa, action of Mix.1 homodimers, butMix.1 misexpression
1989) andMix.2 (Vize, 1996) together with the recently cannot induce secondary axes or mesoderm per se. Thus
describedMilk gene (V. Ecochard et al., unpublished data, the Mix homeodomain factors seem to be important deter-
but see GenBank accession number: AF005999) define aminants necessary for the establishment of ventral meso-
distinct subtype of the paired class homeobox genes. Thederm identity. Despite considerable efforts (e.g. Hermesz
two, possibly pseudo-allelidvix genes are expressed in etal., 1996) ndMix type homeobox gene has been identified
indistinguishable patterns, beginning immediately after the from non-amphibian sources so far. Here we report the iso-
midblastula transition in the vegetal half of the embryo, lation of cDNAs from early chick embryos, which clearly
mainly in the presumptive endoderm. Later the expression belong to theMix typus based on sequence and expression
domain includes part of the prospective mesoderm in the analysis.
marginal zone and with onset of gastrulation expression is Mix-related DNA fragments could be amplified with
restricted to the ventral mesoderm (see also http://vize222.-degenerated primers designed to fit theabd 3 ends of
zo.utexas.edu). Thiglix genes respond by immediate early the Xenopus Mix.lhomeobox fromXenopusbut not from
transcriptional activation to signals of TGFfamily mem- chicken embryonic RNA. Therefore, a cDNA library pre-
bers like activin, Vg-1, TGFB, and BMP4 (Rosa, 1989; pared from chicken HH34 nodes was screened under low
Huang et al., 1995; Chen et al., 1996; Vize, 1996). Dorsal stringency conditions applying tiéenopud?CR fragments
mesoderm is re-specified to a ventral fate by the ectopic as probes. Two overlapping cDNA clones were obtained

and sequenced (Accession number: AJ004903; EMBL
Nucleotide Sequence Database). The encodeMIX
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e-lnllarlgzs?nliezzzlIr(e@s.sg'wsllga.g-ePlanck-lnstitu’tr fbiophysikalische Chemie identical tp theMilk h-omeo domain (Fig. 1)'-Alth0ugh the-
Abteilung Molekularé Entwicklungsbiologie, Am Fassberg 11, D-37(;77 na.me assigned to thls.gene aCKHOWIedgeS its close relation-
Gettingen, Germany. ship to theXenopus Mix.Jand Mix.2 genes, a clear under-
2 present address: Max-Planck-Institiit fEntwicklungsbiologie, Abtei- standing of the degree of functional homology requires
lung Genetik, Spemannstr. 35, D-72078bihgen, Germany. further study. The next-closest relatives are @2 and
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CMIX ORRKRTSFTAAQLETLELVFQDTMYPDIYLRERLADATQIPESRIQVWFONRRAKSRRRRL
Mix.1 ...... F..Q...DI..QF..TN..... HH..E..RHIY................ V..QGA
Milk N..... VYSPSD.AL..QY..TN..... HQ..E..ROMGL............. S.A..QGS
Xotx2 ...E..T..R...DI..AL.AK.R....FM. .EV.LKINL....V... .K..... C.0000
Xcartl K..H..T..SL...E..K...K.H...V.V..Q..LR.ELT.A.V.......... W.K.ER

Fig. 1. Alignment of Mix homeodomains and their closest relatives. Dots represent residues identic&MiXreequence. Note the methionine at position
24 of theMix homeodomains, which can not be found in any other of the paired class homeodomain proteins at this position. All sequenCa4l Earept
from Xenopus The homeodomain dflix.2 is identical toMix.1. Xcartlis from GenBank accession number U15276; for further references see text.

the Cart1 genes (Fig. 1). There is little sequence-similarity the earlier stages (Fig. 2B,C). In stage HH3 to HHBe
of CMIX to the other proteins outside the homeodomain. entire primitive streak except for its very posterior part is
The CMIX gene we report is also described in a parallel strongly positive folCMIX (Fig. 2D,E). Transverse sections
work (Peale et al., 1998). This cDNA is distinguished by show that it marks the epiblast as well as the streak meso-
a 221-bp insertion in the coding region, resulting in alter- derm, while most of the mesoderm that already emerged
native reading frames in thé 8nd of the gene, involving a  from the streak, and the endoderm does not express (Fig.
replacement of RRL (Fig. 1) at the end of the homeodomain 2K—M). Shortly before the primitive streak reaches its full
by QRG. extension,CMIX RNA becomes restricted to prospective
In situ hybridizations were performed to trace the expres- ventral mesoderm in middle-to-posterior portions of the
sion of theCMIX gene in chick embryogenesis (Fig. 2). streak, leaving out the anterior part including Hensen'’s
Embryos were staged according to Eyal-Giladi and Kochav node (Fig. 2G). During further developme@MIX tran-
(1976) and Hamburger and Hamilton (1951). The first tran- scription is rapidly downregulated also in the middle of
scripts are detectable before formation of the primitive the streak and after completion of head-process formation
streak in the posterior marginal zone in a crescent-shaped(HH6) CMIX expression is no longer detectable (Fig. 2H;
domain (Fig. 2A).CMIX-expressing cells reside not only in ~ examined up to the 22-somite stage, not shown).
the epiblast but also in deeper layers (Fig. 21,J). During the  The principal similarities betweeMIX gene expression
following stages the laterally-extending expression domain in chicken andXenopusecome obvious especially in com-
narrows to the embryonic midline and the primitive streak parison to other genetic markers. In eaXignopuembryos,

primordium. Concomitantly the population oE€MIX- Mix characterizes the late, i.e. post-MBT vegetal cells, and
expressing cells becomes more densely packed than duringorachyurybecomes induced at the interphase to Xuoéx2
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Fig. 2. Distribution of CMIX transcripts during chick embryogenesis. For description and discussion see text. (A) EK stage XII. (B) stage HH1.(C) HH2
(D) HH3. (E) HH3". (F) HH4 . (G) HH4. (H) HH6. Arrows indicate lack of expression in the posterior streak, lines indicate direction and levels of sections
shown in I-M.
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