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A zebrafish homologue of the murine Hox-2.1 gene
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Homeobox-containing sequences were isolated from a genomic library of zebrafish ( Brachydanio rerio). A 1 clone con-

taining two homeobox cross-hybridizing regions was characterized. DNA sequencing of one of these regions (ZF-21)

revealed that it contains a homeobox closely related to the Antennapedia class of Drosophila homeobox sequences. More-

over, the deduced amino acid sequence of the C-terminal end (81 residues including the homeobox) is identical to the

corresponding part of the murine Hox-2.1 protein. Similar to Hox-2.1, a ZF-21 derived transcript of 2.3 kb is present
in embryos at the somite forming stages.

Homeobox; Protein homology; Embryogenesis; ( Brachydanio rerio)

1. INTRODUCTION

The homeobox is a conserved DNA sequence
present in multiple copies in higher organisms in-
cluding the vertebrates [1—4]. This DNA sequence
encodes a protein domain thought to be involved
in DNA binding [5,6]. In the fruit fly Drosophila
melanogaster these proteins are known to be in-
volved in regulating the generation and mor-
phological differentiation of body segments [7-9].
Therefore, speculations have been proposed that
also the pattern forming processes of vertebrate
embryos are regulated by homeobox-containing
genes. However, it has proved difficult to obtain
conclusive results concerning the developmental
role of mammalian homeobox genes due to the in-
accessibility of early embryonic stages, the scarcity
of mutants and the complex body pattern of
mammals.

If the basic regulatory mechanisms of vertebrate
development are very similar, studies of easily ac-
cessible embryos of more primitive vertebrate
species may help to elucidate the functional role of
mammalian homeobox genes. The quickly
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developing zebrafish (Brachydanio rerio) embryos
which are easy to observe through highly
transparent chorion membranes, are particularly
well suited for such investigations [10—12].

The present study reports the molecular cloning
of two closely linked zebrafish homeobox genes.
One of these seems to be the zebrafish homologue
of the murine Hox-2.1 gene [13]. The time of em-
bryonic expression of this zebrafish Hox-2.1
homologue coincides with the period of somite for-
mation. '

2. EXPERIMENTAL

Total DNA from adult zebrafish was partially digested with
the restriction enzyme Sau3A, and DNA fragments of 15-20 kb
were used to construct a genomic library in the \EMBL3 vector
as described by Eiken et al. [14]. 5 x 10° clones were screened
using 32P-labelled homeobox-containing DNA fragments from
the Drosophila genes ‘Antennapedia’ and ‘Sex combs reduced’
[15,16]. DNA fragments were subcloned into the plasmid vector
pGem-4 (Promega Biotec, USA) and sequenced as described
[14].

Total RNA was extracted from staged zebrafish embryos as
described for embryos of Atlantic salmon [17]. Aliquots of
15 g RNA from different embryonic stages were elec-
trophoresed on a 1.0% agarose/formaldehyde gel and transfer-
red to a nylon filter by blotting [18). The filters were
prehybridized at 58°C for 4 h in a high stringency solution ac-
cording to the protocol of McGinnis et al. [15]. DNA fragments
cloned in the pGem-4 vector (Promega Biotec, USA) were used
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to make single stranded RNA probes which were added directly a il B H S8 Y Aca
to the prehybridization solution. Following hybridization at d : H '
58°C for 48 h, the filters were washed in 0.1 x SSC/0.1% SDS —
at 70°C for a total of 90 min with three changes of washing kb
solution.
§' ey 3’
Fig.1. Restriction maps and DNA sequencing strategies. (a) Rs 5m Rs
Distribution of restriction enzyme sites in the homeobox- b I"‘_—"—l ZF-21
containing A4 clone C21. The approximate positions of —
homeobox sequences are indicated by black boxes labelled A
and B. (b) Localization (black bar) and 5'-3' orientation (thick —_—
arrow) of the A homeobox sequences within a small subregion PU—
of AC21. Sequencing by the dideoxy method was done as
illustrated by the thin arrows. Restriction enzymes: B, BamHI;
Bg, Bglll; R, Rsal; S, Sall; Sm, Smal. T
(a) -60 -1
v
ZF-21 TGC TAA TGT TTG TTC CCC TTT GCG TTT TGT CCA CAT TAT TCA GAT ATG ACT GGA CCA GAC
v
Hox-2.1 CCA C-G ATA --C CC- TGG A-G AG- AAG CT- -AC ATC AGC CAC --- === --n =@ -== ——-
Hox-1.3 CAG ATC -AC CCC -GC ATG CGC AA- C-G CAC ATT AG- C—CvGAC A-~ --A GG- --C --- -- A
Antp -CG GGG ATG CC- -CT --A C-G TAT CCC --G ATG -GA AG- CAG TT- GGT -AG T-T -A- --A
1 60
ZF-21 GGC AAA AGG GCC CGA ACT GCA TAT ACC CGC TAT CAG ACG CTA GAG CTG GAA AAA GAG TTC
HOX-2.1 —cA =oc —oc —ce =G ==C ==C ~== -- T -om - C -—- -- C =-G =e= =c= === =G --A -==
Hox-1.3 -—_ —. - . v =G -=G =-C ~=C -=T ~—= -- C -— -- C -=G === -== =G -== -- A ---
Antp Com —n- C-C -GA A-G CAG A-- --C --= == G --C ~-- -- T —cc = --A -G -G --= -~ T
61 120
2F-21 CAT TTC AAT AGA TAC CTC ACC CGA AGA AGG AGG ATA GAG ATA GCC CAC GCT CTA TGC CTC
HOX-2.1 -—C eew --- c-C ——-= - G --- -- G C-G C-A C-T --C --- -- C --- —== =G -=T === -- G
Hox-1.3 --C -=- -—- CC-C -—- —- G -—- -- C C-- --A =~ —- C --A ——- - T --T --C --T ~—= ——-
Antp -C —o- == C-C =-—= T-G === -- T C-G C-A -== == C --- -- C —c= wom =o€ -G === ===
121 180
ZF-21 TCA GAG CGT CAA ATT AAG ATA TGG TTC CAA AAC CGG CGG ATG AAA TGG AAA AAG GAC AAT
HO%-2.1 --C --- o= —=B ==C --A =-C === === ==G === == T --C --= -~ G -—- -- G --A --- -- c
HOX-1e3 ~-C --= A=A ==~ == =oA =-C === =-o cev —ou A== A== -== ==G === === --A =-T ---
Antp A<G ~oc == C ~-G =-A -o= =T —ne —cc «=G ~=T === == C --- -- G --- -= G -—- - G --C
181 23
ZF-21 AAA CTG AAG AGC ATG AGT CTG GCT ACC GCA GGT AGC GCT TTC CAA CCA TAG
HOX=2.1 o cee ol oo o com moe eee 2oA R =oC wm- —o C === --- ~-T -GA
Hox-1.3 --G --- -- R A-- --C G-G --—- -~ G G-G --- -~- -GC --C -GA
Antp --G AC- --- G-- GA- CCG GGA T-C GGA -GC -AA G-- -AC GAG AT- A-- CCA

Fig.2. Comparison of DNA (a) and deduced protein (b) sequences from the ZF-21 region with cDNA sequences from Antennapedia
and two murine Hox genes. The homeobox extends from position 1 to 180. Homologies are denoted with hyphens and sequence
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3. RESULTS

3.1. Isolation and characterization of a zebrafish
homeobox sequence

Homeobox-containing genes have recently been
described for Atlantic salmon [17] and zebrafish
{14]. We have cloned a total of eight different
zebrafish genes [14] in cross-hybridization ex-
periments with Drosophila homeobox sequences of
the Antennapedia class [19]. One of the 4 clones
isolated, AC21, carries two regions of cross-
hybridizing sequences (fig.1a) and overlapping
clones contain additional homeoboxes (Njelstad
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and Fjose, unpublished). This implies that AC21 is
derived from a gene cluster similar to the Hox loci
of mouse [20]. One of the homeobox-containing
regions of AC21 has been sequenced according to
the strategy illustrated in fig.1b. A nucleotide se-
quence which includes a 180 bp homeobox, 60 bp
of 5'-flanking and 51 bp 3'-flanking sequences is
in fig.2a compared to the Antennapedia gene
(Antp) of Drosophila [21] and two mouse
homeobox genes, Hox-1.3 and Hox-2.1 [22,23].
Comparison of ZF-21 with Antp reveals DNA
and protein homologies as high as 74.4 and 88.8%,
respectively. Therefore, the zebrafish sequence ap-

Thr
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60
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76

Ser Gln Pro ***
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Ile Pro

deviations are indicated by the substituting nucleotide or amino acid. Arrowheads indicate the positions for splicing in the three
vertebrate genes. A potential stop codon in the genomic ZF-21 sequence is underlined.
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pears to be a typical member of the Antennapedia
class [19] of homeoboxes. A much more out-
standing feature of this homeobox gene is its
remarkable similarity to Hox-1.3 [23] and Hox-2.1
[13,22]. Interestingly, these two murine genes seem
to be closely related through a relatively recent
duplication event [23].

In fig.2a, the genomic ZF-21 sequence is com-
pared to ¢cDNA derived from the two Hox genes.
The sequence homology starts at a consensus splice
acceptor site 24 bp upstream of the homeobox of
ZF-21 and extends to a position 51 bp beyond the
5'-end where all the three vertebrate genes have
signals for termination of protein synthesis
(fig.2a,b). Interestingly, the splicing junctions in
the two Hox cDNA sequences are located in almost
identical positions as the potential splice site of
ZF-21. Upstream of this splicing signal the ZF-21
genomic DNA contains a translation stop codon.
Therefore, the C-terminal encoding regions of
these three genes seem to be organized in an almost
identical manner.

Throughout the 255 bp region shared between
ZF-21 and Hox-2.1 only silent nucleotide changes
are found. As a result, the corresponding protein
sequences (fig.2b) are completely identical in spite
of DNA homologies of only 80%. Similarly, the
deduced amino acid sequences of the ZF-21 and
Hox-1.3 homeoboxes are identical. However,
beyond the borders of the homeobox these two
genes diverge somewhat.

3.2. Expression during embryogenesis

To obtain further information on the evolu-
tionary relationship between the three vertebrate
genes, the embryonic transcription of ZF-21 was
compared to the expression patterns of Hox-2.1
and Hox-1.3. This was achieved by Northern
analysis of embryonic zebrafish RNA. An RNA
probe complementary to the homeobox region of
ZF-21 (fig.1b) was hybridized to a Northern blot
of total RNA from different embryonic stages
(fig.3).

Transcripts of the ZF-21 gene are only present at
very low levels in RNA isolated from fertilized eggs
that have developed for 2 and 7 h, respectively
(fig.3, lanes 1 and 2). An increased accumulation
of ZF-21 transcripts is first seen at the 16 h stage
(lane 3) when the embryos undergo an early phase
of somite formation [24]. Persistent expression of
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Fig.3. Temporal pattern of ZF-21 expression during
development. Lanes 1-5 contain total RNA from embryos of
stages 2, 7, 16, 29 and 48 h, respectively. Lane 6 contains an
equal amount of total RNA isolated from adult zebrafish. The
corresponding RNA lanes stained with ethidium bromide are
shown below the blot. A single transcript of 2.3 kb is detected.

the ZF-21 gene seems to occur in older
developmental stages and a peak level of the 2.3 kb
transcript is obtained about 29 h after fertilization.
At this stage the embryo has formed 30 somites
and the morphological differentiation is con-
siderable as judged from the presence of optic
lenses and a functioning heart [24]. A similar
amount of transcripts is present in 48 h embryos
(lane 5) when the process of differentiation of in-
ternal and external organs is almost completed.
Using poly(A)* RNA for Northern analysis of
ZF-21, both the transcript size and temporal ex-
pression pattern were confirmed (not shown).

Studies on the developmental expression of
Hox-1.3 and Hox-2.1 have demonstrated that both
genes are transcribed in mouse embryos during the
somite forming stages [13,22,23,25]. Similar to
ZF-21, the Hox-2.1 gene generates a major nRNA
species of about 2.3 kb [13,22]. In contrast, the
major transcript derived from Hox-1.3 is 1.85 kb
[23]. Thus, ZF-21 and Hox-2.1 are also more close-
ly related with respect to transcript size.
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4. DISCUSSION

This report describes a zebrafish homeobox se-
quence (ZF-21) of the Antennapedia class which is
located in a gene cluster.. Surprisingly, ZF-21 en-
codes the C-terminal part of a putative protein se-
quence which is identical to the corresponding
domain of Hox-2.1 in mouse [13,22]. ZF-21 shares
the same sequence identity with the human
homologue of Hox-2.1 [4,13]. Some sequence
homology has previously been observed between
homeobox-containing genes of distantly related
vertebrate species (frog and human). In that case,
however, the amino acid sequence outside the
borders of the homeodomain were not found to be
completely identical [26].

The identical protein domains found in ZF-21
and its mammalian homologues are likely to in-
teract with other strongly conserved DNA se-
quence eclements and/or regulatory proteins.
Consequently, many of the components in the
regulatory circuit in which the ZF-21 gene is an in-
tegral part, must have closely related equivalents in
mammals. This implies that information obtained
from studies on zebrafish homeobox gen’es
probably can be applied to gain insight in the
developmental regulatory  mechanisms  of
vertebrates in general.

A possible relatedness between the promoter
elements of ZF-21 and its mouse equivalent might
be revealed by comparing temporal and spatial ex-
pression patterns in both species. We have made a
first attempt along these lines by analysing the em-
bryonic expression of ZF-21 by Northern blotting.
The highest concentration of the 2.3 kb ZF-21
transcript was found in embryos which undergo
somite formation and this corresponds to the
developmental stage in mouse embryos at which a
Hox-2.1-derived mRNA of the same size is present
at high levels [13,22].

We also detected the ZF-21 transcript in em-
bryos that have developed for only 2 and 7 h,
respectively. In contrast, the expression of Hox-2.1
has not been monitored in the earliest phase of em-
bryonic development due to the difficulty of ob-
taining experimental material [13].

Although the Hox-2.1 transcription data on ear-
ly presomite stages are incomplete, its resemblance
to ZF-21 with respect to DNA sequence, transcript
size and somite stage expression suggests that the

FEBS LETTERS

March 1988

functional roles of these genes are essentially the
same. It remains, however, to be seen whether the
spatial expression of the zebrafish gene cor-
responds to the regionally restricted distribution of
Hox-2.1 transcripts observed within the central
nervous system of mouse embryos [22,27]. These
and other questions concerning the functions of
ZF-21 can now be further investigated by perform-
ing in situ hybridization and/or immunolocaliza-
tion experiments on zebrafish embryos of all
developmental stages.
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