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Identification of four FGF receptor genes in Medaka fish (Oryzias latipes)
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Four types of ¢DNA clomnes encading tyrosine kinases highly homologous 1o mammalian fibroblast growth factor receplors (FGF-R) were isolaled

from Medaka fish (Oryzies {etipes) by the reverse transeriplion-polymerase chain renction. Comparison of the four deduced amino acid sequences

with four known mammalian FGF-Rs indicated that four FGF-R species corresponding to mammalian FGF-Rs exist universally in vertebrates

including fishes, although FGF-R4 might have diverged sequences between fishes and mammals. Each of four FGF-R genes is transeribed to various
extents as multiple mRMNAs possibly by alternative sphicing in adult fishes.

Medaka; Orvzias fatpes, Fibroblost growih factor; Fibroblast growth factor reeepior, RT-PCR

l. INTRODUCTION

Fibroblast growth factors (FGFs) constituting a fam-
ily of seven members show a varicty of physiological
activities in mesodermal and mesectodermal cells (re-
viewed in [I]). The signals of FGFs are transduced via
their specific receptors (FGF-Rs) at the cell membrane
into intracellular signalling pathways by means of ki-
nase activity associated with the recepiors (reviewed in
[2]). Molecular multiplicity of FGF-Rs are shown for
mammals, and four genes generating at least five dis-
tinct proteins with different physiological activities have
been cloned, encoding similar transmeinbrane Lyrosine
kinases, althougl alternative splicing events might bring
about more complicated aspects on the polymorphic
nature of FGF-R molecules [2]. Similar FGF-R-related
genes are also identified in Orosophila melanogaster to
have important developmental functions [3,4].

Here, we report four FGF-R-related genes in Me-
daka fish (Oryzias laripes), each of which should corre-
spond to four known mammalian FGF-Rs, indizating
that four FGF-R genes generally exist in all vertebrates
including fishes.

2. MATERIALS AND METHODS

Two olizonucleotide mixed primers were used for the reverse tran-
seriplion-polymerase chain reaction (RT-PCR). They had the se-
quences, S-GGA/CTICA(G/A)GGA/CTTGIT/OTT(T/ICIGG
(A/CMCA(G/A)GT-3 (sense) and §5-TCA/G/TIGGNGCCATCC-
ACTITITNACTAS/AYGG-3’ (anti-senve, where N denoies all four
nucleotidesj corresponding 10 the amino acid sequenges GEGCFCQV
and PYKWMAPE, respectively. Single- stranded ¢cDNA template for
RT-PCR was synthesized by reverse transcriplase using poly (A)*-
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RNA of adult Medaka fishes (O, farpes) according to a standard
methed [5]. One ng of the eDNA template wasconducted for RT-PCR
11 a solution eontaining 20 pmol each of the primers at a condition
that annealing temperature was 55°C and cyele number was 30. Afler
the reacuen, DNA products were blunt-ended by Klenow fragment
of Escherichia cofi, 5°-phosphorylated by T4 polynuclectide kinase,
and inserted into the Smal site of pUCILS vector Clones positive to
the DNA probe of Drosoplufa FGF-R [3] were sequenced by the
dideoxy chamn terminalion method [0).

A genomic Southern experiment was pecformed by a standard pro-
cedure using 10 ug DINA per lune digested with appropriate restriction
enzymes [5]. Northern hybridization was also carried out using 1 ug
poly (A)"-RNA of adult Medaka fishes per lane [5] [n both experi-
ments, the final wash of the Rlters was usually curried out in 0.1 x SSC
containing 0 1% SDS at 65°C

3. RESULTS

3.1. Molecular cloning of FGF-R-related ¢cDNA clones
of Medaka fish

We sequenced 24 RT.PCR clones which were positive
to the Drosophila FGF-R probe {3]. They all coded for
tyrosine kinases highly related to mammalian FGF-Rs
[2], and were divided by mutual comparison into tour
distinet groups (MFR1 te 4) each of which contained
4 to B clones and had essentially the same sequence. The
deduced amino acid sequences of four Medaks FGF-Rs
(MFR] to 4) were highly homologous to each other
(76.2 to 86.6% homology, Fig. 1) and to other known
FGF-R sequences [2] (around 80% homology), but the
sequences were distinet around kinase subdomains I to
IT around kinase inserts among MFRs (Fig. 1), and
between Medaka and human FGF-Rs (see below, Fig.
2).

3.2, Similavity between Medaka and mamnialian FGF-
D
Rs
To know the precise relationship between four Me-
daka FGF-Rs (MFR1 to 4) and four mammalian
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Fig. 1. Alignment of four deduced amino acid sequences of Medaka FGF-Rs (MFRI (0 4). The amino acid sequences deduced from the cDNA
sequences of four groups from 24 clones are aligned. ldenueal residues Lo lour and 1hree sequences are marked with astersks and hyphens,
respectively. Regions of subdomains (1 to YHI) and kinase inserts (K1) are shown below the marks.

SUBDOMAINS I-T1

KINASE INSERTS

Human flg LAEATGLDEDEENRVTEVAY EYCYNPSIUNPEEQLSS
MFR1 MOEVLGLDKEKBNRVTNVAY EYCYNPDQVSVETMS1
£ TinREE ) /ixnwf /o
Humasn bok MAEAVGIDKDEPKEAVTVAV EYSYDINRVPEEQMTF
MFR2 MAEALGIDKDKPKEAATVAY EYSYDIARVEDEQLTF
N VARV ALL V) VA LA
Human FOFR3 MAEAIGIDKDRAAKPVTVAY DYSFDTCKPPEEQLIF
M3 MAEAIGIDKEKPNEPLTVAA DYSFDTCKIPDEQLTF
1ELELizes w* 1/ JEPRIRRR i)
Human FGFR4 RAEAFGMDPARPDQASTVAY DLSPDAPRESEQPLSF
MFR4 RACAYGINKDGREQATTVAV DYTFDVTKVBEEQLTF
LY fonx L0 / /Fr/

Fig. 2. Compurison of amino ucid sequences between Medaka and
human FGF-Rs around kinase subdomains I 1o 11 and kinase inserts.
[denticul and charactenstic residues for each type are marked by

asterisks, and other identical residues are marked by slashes.
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(human) FGF-Rs [7-13], the deduced amino acid se-
quences (Fig. 1) were compared with four human se-
quences in diverged regions (sequences between subdo-
mains I and II, and those of kinase inserts). The results
are summarized in Fig. 2, which strongly suggests that
MFRs 1, 2, 3 and 4 correspond to human flg (FGF-R1),
bele (FGF-R2), FGF-R3, and FGF-R4, respectively.
The similarity between MFR4 and human FGF-R4 is
relatively low, but several characteristic residues in sub-
domains IV and X1 were conserved in both MFR4 and
FGF-R4,

3.3. Hentification of Medaka FGF-R genes

To identify FGF-R genes in Medaka genome,
genomic Southern hybridization was carried out using
the four cDNAs, As shown in Fig. 3, distinct and simple
profiles were obtained with four respective probes at a
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Fig, 3. Identification of four Medaka FGF-R genes by genomic Southern experiment. Panels 1 1o 4 represent the profiles of MFRI 10 4, respecuively.
Hybridization conditions are deseribed in the text, Letiers B and F, denote the resiriction enzymes used; B, BammHI, and H, Hirdlil, Exposure
periods are equally 40 h.
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Fig. 4. Idenufication of MFR mRNAs. Lanes 1 to 4 represent the

profiles of MFR1 to 4, respectively. Hybridization condilions ure

deseribed 1in the text. Exposure periods are 15 h for lanes | und 2

{MFRI and 2),and 72 i forlanes 3 and 4 (MFR2 and 4). A [aint band

shown 1n lane 4 at 5-5.2 kb {0 length (marked by a closed Lriangle)

might be a cross-hybridization signal with lwo abundant MFR
mRNAs (MFRI and 2).

stringent condition. The profiles indicate that each
MFR gene should be a single copy gene, although some
lanes contain more than one band caused possibly by
internal restriction site(s) in the introns. At the stringent
condition, cross-hybridization signals were scarcely de-
lected in spite of high nucleotide sequence homology
(72.7 to 79.2%).

3.4, Expression of jour Medaka FGF-R mRNAs

The length and abundance of MFR mRNAs were
estimated by Northern hybridization using the same
cDNA probes as the genomic Southern experiment. As
shown in Fig. 4, all four probes detected mRNA band(s)
from 4 to 6.5 kb in length; 5.2 kb (major) and 4.0 kb
(minor) for MFRI, 5.0 kb (tnajor), 6.0 kb (minor). and
4.5 kb {minor) for MFR2, 6.5 kb and 6.0 kb for MFR3,
and 6.5 kb for MFR4. These multiple mRNA species
transcribed from single copy genes were probably syn-
thesized by alternative splicing as described for mam-
malian FGF-Rs [2]. The hybridization signals were sig-
nificantly different among the four genes; mRNAs for
MFRI and 2 were abundant, that for MFR3 was less
abundant, and that for MFR4 was very rare.
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4. DISCUSSION

The present study first identified four FGF-Rs
(MFR1 to 4) in the non-mammalian vertebrate. Me-
daka fish (O. flatwpes). The four Medaka FGF-Rs
(MFR1 10 4) probably correspond to four maminalian
FGF-Rs {flg, bek, FGF-R3 and FGF-R4) in terms of
the deduced amino acid sequences around kinase sub-
domains [ to IT and kinase inserts, although MFR4 and
FGF-R4 are distantly related (Fig. 2). Then, in fishes,
multiple FGF and FGF-R systems should exist and
might function in various developmental processes like
mammals [1,2]. In other words, it is suggested that all
vertebrates have at least four FGF-R genes, which
should be under different transcriptional control (Fig.
4) to elicit different functions [2].

On the other hand, in an invertebrate, . 'relanogas-
ter, two FGF-Rs having sequences distantly related to
those of vertebrate FGF-Rs are known to have distinet
characteristics and functions for processes such as cell
movement [3,4]. Then, it 15 probable that FGFs and
FGF-Rs universally exisl at least in the animal king-
dom. To further perforim comparative studies, the RT-
PCR method described here will be very useful, because
our primers are applicable to both invertebrates (Droso-
phifa) and vertebrates (fish and mammal}, and the RT-
PCR method overcomes difficulties in cloning for low
abundant mRNAs such as MFR4 mRNA (Fig. 4).
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