Dev Genes Evol (1997) 207:65-70 © Springer-Verlag 1997

ORIGINAL ARTICLE

Thomas Boettger - Stefan Stein - Michael Kessel

The chicken NKX2.8 homeobox gene:
A novel member of the NK-2 gene family

Received: 28 January 1997 / Accepted: 8 February 1997

Abstract We have isolated the chicken homeobox gefidis involves looping out to the right side and differenti-
NKX2.8, which represents a novel member of the NK&tion along the anteroposterior axis, with formation of
gene family. Besides the homeodomain, the NKX2tBe truncus arteriosus, ventricle, atrium and sinus veno-
protein contains two other conserved sequences, a dus. In the vicinity of the heart, the pharynx develops
and an NK2 domain. NKX2.8 is expressed in the ventguches which alternate with the aortic arches connect-
foregut, the developing heart, in the epithelial layers iofy dorsal and ventral aorta. These blood vessels run
the branchial arches and in the dorsal mesocardiwmithin the branchial arches, which are prominent struc-
Thus, its expression overlaps partially, but also diffetisres of the ventral cervical region of the embryo filled
significantly from another chicken tinman orthologuayith mesenchymal cells derived from the neural crest.
the NKX2.5 gene. It is suggestive that NKX2.8 and Homeodomain proteins play an important role in re-
NKX2.5 play a cooperative role in early heart develogional specification, fate determination and organogene-

ment. sis throughout embryogenesis. For the development of

i the dorsal vessel (the Drosophila heart), the homeobox
Key words NK-2 homeobox tinman- Heart - gene tinman exerts a crucial function which is demon-
Branchial arch - Chicken strated by a complete lack of the heart in tinman null

mutants (Bodmer 1993). The gene Nkx2.5 is a vertebrate
orthologue of tinman and is expressed in developing
hearts of fish, frog, chicken and mouse, thus representing
The heart is the first functional organ in developing vet-candidate for playing a key role in the specification of
tebrate embryos. It is the derivative of the earliest embg@rdiac cells. However, mutation of the murine Nkx2.5
onic mesoderm generated during gastrulation, precedéfe by targeting did not prevent the initial steps of heart
only by extraembryonic mesoderm and endoderm (fgvelopment up to the formation of a straight heart tube,
review, see Lyons 1996). When the primitive streak hligt impeded the looping of the heart tube and subsequent
reached its full extension, the cardiac mesoderm forfgvelopmental steps (Lyons et al. 1995). Other tinman
two groups of cells on both sides of the rostral primiti@thologues have been isolated from various vertebrate
streak which will fuse anterior of the axial mesoderripecies and they are also transcribed during heart devel-
With subsequent formation of the headfold and foregaigment. These include the Nkx2.3 genes isolated from
pocket, the cardiac mesoderm becomes translocated fi6ta frog, chick and mouse (Harvey 199@énd the
ventral, more posterior position in association with tH&x2.7 gene so far only identified in zebrafish (Lee et al.
anterior intestinal portal. In the 1-3 somite stage embry/896) All are candidates for participants in a combinato-
the determination of the two cardiac primordia také@l homeobox code specifying heart development.
place. As part of the splanchic mesoderm they develop intere we describe a further Nkx gene from chicken,
close contact with the endoderm of the forming foreghtX2.8, that shows a unique expression pattern in early
pocket at the anterior intestinal portal. They fuse froRgart development and in the branchial arches. We dis-
anterior to posterior thereby forming the single hedss its role in the specification of a ventral embryonic
tube which undergoes further complex morphogenedgyritory in combination with other homeobox genes.
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Introduction

Materials and methods

T. Boettger - S. Stein - M. Kessél[j

Max-Planck-Institut fur biophysikalische Chemie, The NKX2.8 cDNA clone was isolated from a Hamburger-Hamil-
Am Fassberg, D-37077 Géttingen, Germ:iny ton stage 10 library (Charlebois et al. 1990) by low stringency
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screening with a CNOT1 homeobox probe (Stein and Kes$éj. 1A—-E Comparative analysis of NK-2 protein domaiAsPi-
1995). The sequence of the 1111-bp cDNA clone has been subhaitp of the NK-2 homeodomains (Wisconsin Package of Genetics
ted to the EMBL Database (Accession Number: Y10655). Computer Group). Note that the vertebrate central nervous system
For whole mount in situ hybridisation (Wilkinson 1992), w¢CNS) genes (TTF-1 etc.) and tirosophilavnd gene form a
used a riboprobe of the entire NKX2.8 cDNA. We also used ribgroup of closely related genes. Also the vertebrate heart genes
probes of either the'3untranslated region or the open readinNKX2.5 etc.) form a separate group. However, Bresophila
frame with its conserved sequences. All probes gave the same gpaes involved in heart and gut formation are more distant and do
tio-temporal expression pattern. not appear together with the vertebrate geBeSchematic struc-
ture of the NKX2.8 proteinC Comparison of the TN domains.
Note the unique positions in NKX2.8 Comparison of the NK2
domains. Note the unique positions in NKX2BBComparison of

Results and discussion the NK2 homeodomains. Note the proline in position 4 (*) and
unique positions in NKX2.80m Drosophila melanogasteDr
The NKX2.8 protein Danio rerio, Gg Gallus gallusMm Mus musculyfkn Rattus nor-

vegicus XI Xenopus laev):

We have isolated a cDNA clone with an open reading
frame for a homeodomain protein of 193 amino acids.
The clone encompasses 31 bp of ubtranslated se-90% identity to the Xenopus Nkx2.3 gene and 88.5%
guence upstream of a putative start codon and a 467dgmtity to the zebrafish nkx2.7 gene. It is equally dis-
3 trailer including a polyadenylation signal and a polyfant from other NK-2 gene types, hence we named the
tail. new isolate “NKX2.8” (Fig. 1A). Its homeodomain con-

The homeodomain sequence shows that the genethéis a tyrosine at position 54 which is characteristic for
longs to the NK-2 family of homeobox genes, of whichll members of the NK-2 family (Fig. 1E). Another
members from Drosophila and vertebrates have bestriking feature is a proline at position 4. This is encod-
isolated. It shows 91.8% identity to the homeodomaied in a humber of homeobox genes outside the NK-2
of the chicken, Xenopus and zebrafish Nkx2.5 genéamily, but within that family it is shared only between
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the subgroup of genes expressed in the heart and in ™
cnidarian gene CnNK-2 (Grens et al. 1996). It wa
shown that the flanking, highly conserved amino acic >
at position 3 and 5 are important for the contact of tr >
homeodomain to its target DNA (Kissinger et al. 1990 ~
One can assume that the presence of a proline betw:
these two residues should alter their contact specifici
significantly.

As well as the homeodomain, the predicted NKX2.
protein contains two domains typically conserved in NK
2 class homeobox genes: the TN domain near the Nt
minus and the NK2 domain located at the C terminus pj
the homeodomain (Fig. 1B; Harvey 1996; Smith an
Jaynes 1996)Ve did not find a C-terminal GIRAW-mo-
tif, which is present in the Nkx2.3 and Nkx2.5 genes
and also in zebrafish nkx2.7 in a less conserved for
Sequence comparison of the TN and NK2 domair
strongly supports the notion that NKX2.8 cannot b
grouped into one of the known orthologue classe
(Fig. 1C, D). Thus, we conclude that we have cloned t
cDNA of an up to now unknown type of NK-2 gene.

HH st.15

HH st.12

Expression of NKX2.8

The first expression of NKX2.8 is symmetrically detect
able in the lateral endoderm of the anterior intestinal pa
tal in the newly formed headfold at Hamburger-Hamilto@#
stage 6 (Fig. 2A; HH st.6; Hamburger and Hamilto® =
1951). In the two-somite stage embryo (HH st.7) the la

eral endodermal expression domains expand anteri
and fuse around the anterior intestinal portal (Figs. 2
3A-C). NKX2.8 transcripts are now detected in the ve
tral foregut pocket, i.e. the prospective pharyngeal end
derm. At HH st.8 (4 somites), NKX2.8 is also mesa
dermally expressed in the myocardium of the developi
heart tubes (Fig. 2C). The myocardial expression dom
is retained as the forming heart tubes elongate and tf
merge (HH st.11). In this phase, the most intense sta
ing is on the proximal vitelline veins, so that NKX2.§&
predominantly characterises the posterior portion of t

HH st.8

Fig. 2A—E Whole mount in situ analysis of NKX2.8 gene expres
sion. A HH st.6 (Hamburger-Hamilton stage 6; headfold stage
Note expression in the lateral endoderm of the head®l#H
st.7 (2 somite stage). Transcripts are found in the endode
around the anterior intestinal portd@ars indicate the levels of
sections shown in Fig. 3. Thepper barrefers to Fig. 3A, thenid-
dle barto Fig. 3B, thelower barto Fig. 3C.C HH st.8 (5 somite |
stage). Transcripts are detected in the ventral foregut and the ¢ '-%‘
diac mesodermD HH st.12 (15 somite stage). Expression is visi‘ ’
ble in the myocardium of the heart tube, the vitelline veins and in
the middle part of the ventral foreg@Bars indicate the levels of
sections shown in Fig. 3 of a comparable embryo. Opyeer bar
refers to Fig. 3D, themiddle barto Fig. 3E, thelower bar to i
Fig. 3F.E HH st.15 (24 somite stage). NKX2.8 is detected in the
branchial arches and in the dorsal mesocardBans indicate the
levels of sections shown in Fig. 3. Thedt bar refers to Fig. 3G,
themiddle barto Fig. 3H, theright bar to Fig. 3I. @ip anterior in-
testinal portalpa branchial archessm cardic mesoderndm dor-
sal mesocardiumn node, vv vitelline veins;bar in A indicates
300um in A andB, 210um in C andD, 330pm in E)

HH st.7

u¥n

HH st.6



68

HH st.11

Fig. 3A-1 Transverse sections of embryos after whole mount Trhe levels of the cross sections are indicated in Fig.tH2®.HH

situ analysis with NKX2.8A—C HH st.7 embryoA Note expres- st.15 embryoG Note expression in the epithelia of the branchial
sion in the ventral endoderm of the foregut pocBelote expres- archesH Note expression in the distal part of the truncus arterio-
sion only in the lateral endoderm of the anterior intestinal portals.| Note expression in the dorsal mesocardium. The levels of
C Note expression in the lateral endoderm before foregut forntae horizontal sections are indicated in Fig. a&tfium, aip ante-
tion. The levels of the cross sections are indicated in FigD2B. rior intestinal portalba branchial arches (1-3¥a dorsal aorta,

HH st.11 embryoD Note transcripts in the middle part of thedm dorsal mesocardiumec endocardiumem epimyocardiumf
ventro-lateral foregut pocket and the myocardium of the formirfigregut,ht heart tubenc notochordnf neural foldsnt neural tube,
heart tubeE Note transcripts in the epimyocardiuenj, but not p pharynx,v ventricle,vv vitelline veins;bar indicates 70um in

the endocardiume). F Note expression in the vitelline veinsj. A-F, 202um in G-I)
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Fig. 4A—C Comparison of NKX2.8 and NKX2.5 expression inA ventral NK-2 territory?

chicken. A At the headfold stage (HH st.6) NKX2.8e¢) and

NKX2.5 (blue) transcripts are located in different domains arouridecently it has been shown that an NK-2 gene is in-
the anterior intestinal portal (aip); whereas NKX2.8 is located Ubllved in specifying the basal endoderm in hydra (Grens

the lateral endoderm of the aip, NKX2.5 is expressed in the late . -
mesodermal plates, in the anterior endoderm and ectodie#m. ef'al. 1996). An endodermal expression pattern is a hall-

the 12-somite embryo (HH st.11), both genes are expressed infifk of nearly all members of the NK-2 gene family.
myocardium and the ventral foregut. NKX2.8 expression is esgdowever, many NK-2 genes have another predominant
cially strong in the vitelline veins and exhibits a restricted doma@xpression domain in a different germ layer, justifying a

in the foregutC In 24-somite embryos (HH st.15) the expressi Sl _ i i
domains of both genes are completely divergent: NKX2.8 is c%:rther subdivision of the NK-2 family into two major

pressed in the epithelia of the branchial arches and in the doR¥@nches. One group of genes is expressed in the central
mesocardium, whilst NKX2.5 is expressed solely in the heart. Thervous system (CNS), including the Drosophila vnd and

yellow circlemarks the ventral territory consisting of the ventrahe vertebrate Nkx2.1 and Nkx2.2 genes (Harvey 1996).
forebrain, ventral foregut, heart and branchial ar::hes This suggests that one ancestral NK-2 gene already had a
function in the development of the nervous system be-
heart. Endodermal expression at HH st.11 is restricteddce the divergence of deuterostomia. The other group of
the middle part of the developing foregut in ventro-latevertebrate NK-2 genes is expressed in the developing
al domains (Figs. 2D, 3E-G). As the heart tube bentdeart. However, they are clearly distant from both the
NKX2.8 expression starts to fade from the myocardiufrosophila heart gene tinman and from bagpipe. Vessels
By HH st.15, there is no expression left in the myocardi the gut musculature have been proposed to be the ori-
um of the heart. The endodermal expression increagesof the heart of vertebrates as well as of invertebrates
strongly in the second and third pharyngeal pouch. Hi¢harvey 1996). We propose that tinman and the respec-
levels of NKX2.8 transcripts are also present in the ective vertebrate genes evolved independently from an NK-
dermal epithelium of the second and third branchial aréhgene expressed in the gut musculature. This ancestral
whereas lower levels occur distally in the first arch. Tlyggne was possibly characterised by the proline in posi-
aortic arches and the branchial arch mesenchyme rentiain 4, typical of the homeodomains in tinman and verte-
negative. A strong expression domain is visible in theate heart NK-2 genes. A further indication to the inde-
dorsal mesocardium and there is expression in the anteenrdent development of vertebrate heart Nkx2 genes and
or part of the truncus arteriosus. tinman could be the observation that tinman lacks an
The described expression pattern differs significanthK-2 domain. Functional subdivisions in the vertebrate
from the patterns of all other NK-2 genes, further supeart occurred during the process of evolution, for which
porting our conclusion that NKX2.8 is a new NK-2 gerthe duplication of the Nkx2 genes leading to Nkx2.3,
type. Most noteworthy are differences between NKX2285, 2.7, or 2.8, may have been a prerequisite.
and NKX2.5 expression (Fig. 4; Schultheiss et al. 1995) It is interesting that the expression domains of the
NKX2.5 is expressed earlier than NKX2.8, demarcatinmgrtebrate NK-2 genes together form a coherent territory
initially the lateral cardiac mesoderm, but not the latemdnsisting of ventral forebrain, ventral foregut, the ven-
endoderm (HH st.6). NKX2.5 transcripts are found alotially protruding branchial arches and the heart
the whole rostrocaudal extent of the heart tube and of {Rég. 4C). As an analogy to the trunk as a posterior Hox
ventral pharynx. NKX2.5 is not expressed in the pharygene territory (Kessel and Gruss 1991), a ventral Nkx
geal pouches and branchial arches and at later stagesriitory may represent a unit with unique morphoregula-
shows expression solely in the heart. It is intriguing thiairy properties.
the Nkx2.5 mutant mice phenotype appears at a stage .
comparable to the point when NKX2.8 expression dis knowledgements We thank K. Ewan, L. Lemaire, E. Pera and

. . . Roeser for discussions. The cDNA library was kindly provided
pears from the heart, whereas in wildtype Nkx2.5 rg; R. Grainger. The work was supported by the Max-Planck-Ge-

mains strongly expressed in the heart tube (Lyons etsalischaft and the DFG by the Graduiertenkolleg “Molekulare
1995). Genetik der Entwicklung”.
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