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Abstract. We report the genomic structure and entire sequence of
the fibroblast growth factor receptor 4 (FGFR4) gene. The gene
spans approximately 11.3 kb. It is composed of 18 exons ranging
in size from 71 bp to 600 bp. Exon-intron boundaries follow the
GT/AG rule. Exon 1 is untranslated and preceded by structural
elements characteristic of a TATA-free promoter. Although there
are promoter motifs in intron 4 as well, there is currently no
evidence of alternative transcription of FGFR4. Comparison of
exon-intron boundaries of FGFR4 with those of FGFRI and 3
reveals a remarkable degree of homology. With the exception of
four, exon boundaries are at identical positions in all three receptor
genes. Short tandem repeat polymorphisms (STRPs) were identi-
fied in introns 2 and 16 of FGFR4. The STRPs together with the
sequence information will facilitate the rapid analysis of FGFR4 in
those human disorders in which this gene can be considered a
candidate.

Introduction

Fibroblast growth factor receptors (FGFRs) are members of the
receptor tyrosine kinase family. To date, four distinct FGFRs are
known (Johnson and Williams 1993; Mason 1994). They share
highly homologous structural elements, including three extracel-
lular immunoglobulin-like domains (IgI, IgII, and IgIII), a trans-
membrane, and an intracellular tyrosine kinase domain. The Ig
domains are preceded by a leader sequence, and IgI and Igli are
separated by the acid box, a stretch of four to eight acidic amino
acids. The tyrosine kinase domain is split into two catalytic do-
mains by the insertion of 14 amino acids. Homology is greatest
between FGFR1 and FGFR2 (72% amino acid identity), slightly
less between FGFR1 and FGFR3, and least pronounced between
FGFRI and FGFR4 (55% identity). There are several isoforms of
FGFR1, 2, and 3 that are generated by alternative splicing of the
transcript. No isoforms are currently known of FGFR4.

cDNAs of the four receptors have been identified and the genes
mapped. FGFR1 is located on Chromosome (Chr) 8 (8pll.2-
pll.l; Wood et al. 1995), FGFR2 on Chr 10 (10q26; Mattei et al.
1991; Dionne et al. 1992), FGFR3 on Chr 4 (4pl6.3; Thompson et
al. 1991), and FGFR4 on Chr 5 (5q35.1-qter; Warrington et al.
1992). The expression patterns of FGFR1, 2 and 3 are distinct but
overlapping (Johnson and Williams 1993). Thus, FGFR1 is pre-
dominantly expressed in the brain and in mesenchymal tissue,
FGFR2 in brain and epithelial tissue, and FGFR3 in brain, spinal
cord, and developing bone. In contrast, FGFR4 is primarily ex-
pressed in the developing endoderm and in skeletal muscle. Mu-
tations in FGFR1, 2, 3 have been found in various human disorders
involving growth and differentiation of bone such as achondropla-
sia and craniosynostotic syndromes (Park et al. 1995; Muenke and
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Schell 1995; Webster and Donoghue 1997; Muller et al. 1997).
Mutations in FGFR4 have not yet been observed in any human
disease.

Of the four receptor genes, the genomic structure of FGFR3
has been characterized best (Perez-Castro et al. 1997). The gene
spans 16.5 kb and consists of 19 exons and 18 introns. The nucleo-
tide sequence of 66% (11 kb) of the gene has been published. No
comprehensive structural analysis has been reported on the
FGFR1, 2, and 4 genes, and sequence data and structural infor-
mation are especially sparse for the FGFR4 gene.

Here we report the genomic structure of human FGFR4, give
its entire sequence, and describe two short tandem repeat poly-
morphisms (STRPs) within the gene. The findings obtained were
applied to a comparative structural analysis of the four FGF re-
ceptor genes.

Materials and methods

PACS. PACs were obtained from the UK HGMP Resource Centre (Hinx-
ton, UK).

DNA extraction. DNA was extracted from human peripheral blood ac-
cording to standard procedures. PAC DNA was isolated with the QIAfilter
Plasmid Maxi Kit (Qiagen, Hilden, Germany) according to manufacturer's
instructions. Plasmids were isolated by the alkaline lysis method (Sam-
brook et al. 1989). PCR products for sequencing were excised from agarose
gels and purified with the Prep-a-Gene system (Bio-Rad, Hercules, USA).

PCR. A fragment of human FGFR4 was amplified with previously de-
scribed primers (Warrington et al. 1992). An initial denaturation at 94°C
for 3 min was followed by 30 cycles at 94°C for 30 s, annealing at 56°C
for 1 min, extension at 72°C for 1 min, and a final extension of 5 min at
72°C. Conditions for all additional PCRs were basically identical with the
exception of the annealing temperature that was chosen specifically for
each primer pair. For long-PCR, the Taq Extender (Stratagene, La Jolla,
California) was used in addition to Taq polymerase, and extension at 72°C
was increased to 4 min. Hot PCRs were run in the presence of 1 p.Ci
[a 32P]dCTP.

Pulsed field gel electrophoresis. For determination of the human in-
sert size, 300 ng of PAC DNA was cleaved with Notl. Fragments were
separated on a 1% agarose gel by a CHEF system (Bio-Rad). Running
buffer was 0.5 x TBE, and the running time was 14 h at 14°C with a ramp
of 0.3 to 3 s at 6V/cm.

Filter hybridization. PCR products were labeled with [a-32P]dCTP and
the Random Primers Labelling System (Gibco BRL, Gaithersburg, MD).
Oligonucleotides were labeled with [y-32P1-ATP and T4 polynucleotide
kinase (USB/Amersham, Buckinghamshire, UK). Hybridizations were per-
formed at 65°C in aqueous solution according to standard procedures.
Gridded human PAC filters were obtained from the UK HGMP Resource
Centre (Hinxton).

Library construction. 500 ng of PAC 32C5 DNA was digested with
EcoRI and cloned in pBluescript SK+ (Stratagene). Recombinant clones
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were gridded and transferred to nylon membranes (Hybond N+, Amer- 	 Table 1. Genomic structure of the FGFR4 gene.
sham) for subsequent hybridization with FGFR4 probes.

Sequencing. Direct sequencing of PCR products and sequencing of in-
serts cloned in plasmids were performed with the Thermosequenase fluo-
rescent labeled primer sequencing kit (Amersham) or the SequiTherm EX-
CEL Long-Read Sequencing Kit-LC (Epicentre Technologies, Madison,
WI) and 5'IRD-labeled primers. Sequencing products were separated and
analyzed on an automated sequencing machine (LI-COR 4000L).

Analysis of STRPs. The PCR products of D5S2922 were separated on
6% denaturing polyacrylamide gels. An M13 sequencing ladder was used
as size standard. For size determination of the CCT/AGG-repeat in intron
16 of FGFR4, one of the two primers was 5'IRD labeled, and the PCR
product was separated and analyzed with the LI-COR sequencer.

Structural analysis. Sequence alignments were performed with the com-
puter program Clustal V (Higgins et al. 1992). Promoter analysis of the
FGFR4 gene was performed online. The CpG score was calculated apply-
ing the computer program GRAIL at the Oak Ridge National Laboratory
server (http://avalon.epm.ornl.gov/GRAIL-bin/GRAILFORM_post).
Transcription factor binding sites and possible transcription start sites were
detected with the Gene Finder program package at the Baylor College of
Medicine server (http://dot.imgen.bcm.tmc.edu:9331/gene-finder/gf.html;
programs tssw and tssg).

Results

Genomic organization of FGFR4. Screening of the PAC library
with an FGFR4-specific, 32P-labeled amplification product (War-
rington et al. 1992) resulted in the isolation of two PACs (#32C5
and #251C21). PAC #32C5 with an insert of 90 kb was used for
further investigations. Both PACs had been assigned to 5q35 by
fluorescence in situ hybridization (own unpublished results). An
EcoRI plasmid library constructed from this PAC was screened
with two oligonucleotides (5'-GGCTGGAGCTGGGAGTGAG-3'
from the 5' noncoding region and 5'-AGGTCGAGCACTGTGT-
CAGG-3' from the 3' noncoding region) derived from the known
cDNA sequences of FGFR4 (Partanen et al. 1991; Ron et al. 1993).
Two nonoverlapping plasmids with inserts of 8.1 kb and 4.5 kb
were isolated (Fig. 1). Comparison of the genomic sequence of the
inserts with the known cDNAs revealed that the two plasmids
contained the entire transcribed sequence of FGFR4. The remain-
ing gap between the two plasmids was, therefore, thought to be
intronic. It was bridged by Long PCR with primer 5'-
CCTCGCAGGCAATTCCATC-3' from exon 8 and the primer
described above from the 3' noncoding region. The amplification
product of 5.1 kb was 1.0 kb larger than expected if both plasmid
clones had been immediately adjacent to each other. The sequence
of the intronic fragment bridging both plasmids was also deter-
mined. Comparison of the genomic sequence of FGFR4 with the
cDNA revealed that FGFR4 is composed of 18 exons and 17
introns. The start codon ATG is in exon 2 and the stop codon in
exon 18 (Fig. 1). The boundaries between exons and introns follow
the GT/AG rule. Table 1 gives the exact sizes of exons and introns
and the sequences of the intron-exon boundaries.

Exon
Size
[bpl 5' splice donor

Intron
size
[bpl 3' splice acceptor

I _-103 GAGGAGCCAGgtgag 2522 tttccctccctattttagGAAGG
2 144 GTGGAGCTTGgtatg 699 ctctccctctgcccacagAGCCC
3 264 ATTACAGGTGgtaag 90 cctctgtccctgatgtagACTCC
4 81 CCCCAGCAAGgtcag Ill ccttcccctgccctccagCACCC
5 167 AGGCATTCGGgtgag 580 cactctctctgcctgcagCTGCG
6 124 GATGTGCTGGgtgag 512 gtctcgcccggtccccagAGCGG
7 191 AGTCCTAAAGgtaaa 134 gcatgtcccccaccccagACTGC
8 139 GTGCTGCCAGgtgag 353 gtccatgtgcgagggcagAGGAG
9 194 GGCCCGACAGgtact 74 aagtctcccactttgcagTTCTC
10 146 CCCGGGACAGgtgcg 102 gactttctccatctccagGCTGG
11 122 ATGCTCAAAGgtgag 1553 cgtctgctgcccttacagACAAC
12 111 ACCCAGGAAGgtggg 92 cctccactccctctgcagGGCCC
13 191 GTCCCGGAAGgtata 333 agcccccgctccctgcagTGTAT
14 123 AACCAGCAACgtgag 107 gccctctctcccctccagGGCCG
15 71 AGAGTGACGTgtgag 246 ccctggccctgcctccagGTGGT
16 138 CCCCAGAGCTgtgag 673 ccgccccacctctcgcagGTACG
17 106 CTCTGAGGAGgtaca 129 cagctccgttccccacagTACCT
18 600

Sequence analysis. The region surrounding exon 1 (position 997-
1535) was found to be CG-rich with a CpG score of 0.758. Analy-
sis of the region upstream of exon 5 with programs tssw and tssg
indicated promoters with transcription start sites at nucleotide po-
sitions 1162 and 1097, respectively. No TATA box was found with
either program, but numerous putative transcription factor binding
sites were detected. These sites include several consensus binding
site sequences of SPI. The findings are consistent with the pres-
ence of a typical TATA-less promoter (Pugh and Tjian 1991) 5' to
exon 1 of FGFR4. This corresponds well to the findings reported
for FGFR3 by Perez-Castro et al. (1997).

The human FGFR4 cDNA reported by Partanen and associates
(1991) starts within exon 2 of the gene. According to our findings
this exon lacks the first 14 bp of the sequence published by Par-
tanen et al. (1991). Homology starts only at nucleotide 13 of exon
2. In that respect, the genomic sequence is similar to that reported
by Ron et al. (1993), who also did not find the first 14 bp of DNA
described by Partanen and colleagues. The longer cDNA published
by Ron and coworkers also includes exon 1 plus 13 additional
bases that we did not detect. Hybridization of PACs 32C5 and
251C21 to the 13 bp oligonucleotide observed in the cDNA by
Ron and associates (1993) did not result in a hybridization signal.
This indicates that the most 5' 13 bp described by Ron et al. are
most likely an artefact and not part of FGFR4.

Analysis of the intronic sequences revealed ALU sequences in
introns 1 and 11 of FGFR4. In addition, program tssw predicted a
possible promoter within intron 4. This putative promoter has a
TATA box at nucleotide position 5412-5417 and a possible tran-
scription start site at position 5453.

Short tandem repeat polymorphisms. An increase in CA/GT re-
peats was observed in intron 2 and an interrupted trinucleotide
(CCT/AGG) repeat was found in intron 16. Since short stretches of
di-, and trinucleotides are frequently polymorphic, we tested the
intron 2 locus for polymorphism in 49 unrelated controls. Primers
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Fig. 2. Segregation of D5S2922 in a large three generation family. Af-
fected members have craniosynostosis, Boston type (Warman et al. 1993).
Several recombinations are found between D5S2922 and the disease locus.

used for amplification were 5'-GTGGTGAGCTCCTTGCCTG-3'
and 5'-TGGGGCATGTCACACACAC-3'. Three alleles of 266,
270, and 272bp were observed and a heterozygosity of 0.41; and a
PIC value of 0.34 were determined. Mendelian inheritance was
shown in a large three-generation family with craniosynostosis,
Boston type (Muller et al. 1993). Several recombinations were
found between the disease locus, MSX2 (Jabs et al. 1993) and the
polymorphic marker (D5S2922, Fig. 2). Primers 5'-
CCTCGACCCCACTTTCCAG-3' and 5'-GTGGGGAGTTT-
GATGAGGGA-3' were applied to the amplification of the repeat
in intron 16. Polymorphic products were obtained, but they were
markedly smaller than expected on the basis of the DNA sequence.
For example, the amplification product of the intron 16 locus of
PAC 32C5 was 383 bp but should have been 566 bp based on the
sequence. The 383 bp fragment was shown to contain intron 16-
specific sequences. Currently we cannot explain this discrepancy.
Although Mendelian inheritance of this polymorphic marker was
documented (not shown) we had no D5S number assigned to this
locus. It appears, however, that this polymorphism is identical to
the EcoRI polymorphism described by Armstrong et al. (1991).

Comparison with other FGFR genes. FGFR4 is composed of 18
exons, one less than the homologous gene FGFR3 (Perez-Castro et
al. 1997) and most likely FGFR 1 and 2 as well (Johnson and
Williams 1993), provided the latter are also preceded by an un-
translated exon. The extra exons of FGFRs 1, 2, and 3 are utilized
for the generation of alternative splice products of IgIII (Johnson
et al. 1991; Avivi et al. 1992; Miki et al. 1992). Comparison of
FGFR4 with FGFR3 showed the highest degree of homology for
amino acids encoded by exons 6, 7 of both receptors and by exons
8/9, 11/12, 12/13, 14/15, 15/16, and 16/17 of FGFR4 and FGFR3
(Fig. 3). Exons 6, 7, and 8/9 code for parts of IgIII and the domain
connecting IgII and IgIII, and exons 11-16 (12-17 of FGFR3)
encode the tyrosine kinase domain. The lowest degree of homol-
ogy is found for the transmembrane domain (exon 9 and 10, re-
spectively) and the extracellular structures of the receptor (exons
2-4). Exon by exon comparison was also possible between most of
FGFR1 and FGFR4, and highest percentages of homology were
found at the same positions as observed between FGFR4 and
FGFR3. No comprehensive comparison was possible with FGFR2
since exact information on exon-intron boundaries is available for
exons 8 and 9 of FGFR2 only.

Sequences of FGFR1, FGFR3, and FGFR4 are aligned in Fig.
4 to demonstrate the location of the coding exons with respect to
the amino acid sequence of three receptors. The intron-exon
boundaries are at identical positions for most exons and are shifted
by several amino acids at four exon boundaries only.

Discussion

We have sequenced the entire FGFR4 gene and determined its
structural organization. Homology is pronounced between FGFR4
and FGFRs 3 and 1 and the known portions of FGFR2 even at the
genomic level. Exon-intron boundaries follows the GT/AG rule in
FGFR3 and FGFR4 and probably in FGFR1 as well. In the latter

Fig. 3. Exon by exon comparison between FGFR4 and known portions of
FGFR 1, 2, and 3 at the amino acid level. Percentage of identity is given.
The percentage of homology including conserved amino acid exchanges is
shown in brackets. S = signal peptide; a.b. = acid box; IgI—IgIII =
immunoglobulin-like loops I—III; TM = transmembrane domain; JM =
juxtamembrane domain; K1 and K2 = catalytic domains of tyrosine ki-
nase; IK = interkinase domain; CT = C-terminal tail.

sequence, however, one intron (#10) has been described (Johnson
et al. 1991) that lacked the GT consensus sequence. For the re-
maining exon/intron boundaries of FGFRI, the GT/AG rule ap-
plies as well.

There is one striking difference between FGFRs 1, 2, and 3 and
FGFR4. While the former genes appear to be composed of 19
exons, FGFR4 has 18 exons only. The extra exon is located be-
tween exons 8 and 9 (relative to the FGFR4 sequence) and is
utilized as part of an alternatively spliced transcript that codes for
isoform IgIIIb of FGFR1, 2, and 3 (Johnson and Williams 1993;
Avivi et al. 1993). In contrast to FGFR1, 2, and 3, there is no
evidence of alternative splicing of the FGFR4 transcript. For ex-
ample, only one transcript of 3 kb has been detected on Northern
blots containing RNA from various tissues (Partanen et al. 1991;
Ron et al. 1993). There is no evidence of a FGFR1, 2, 3 exon 9
equivalent within intron 8 of the FGFR4 gene. Furthermore, there
is no evidence of a soluble IIIa-only form of FGFR4, as has been
described for FGFR1 (Johnson and Williams 1993). In contrast to
FGFR1, there is no stop codon in intron 7 and no polyadenylation
site in FGFR4 that could be used for alternative processing of the
transcript and the generation of a IgIIIa form (Vainikka et al.
1992). We also failed to detect such sites in intron 7 of the gene but
found a few sequence discrepancies, including five base changes
and absence of a GC and a C in the sequence of Vainikka and
associates (1992).

In addition to intron 7, introns 8 and 9 of FGFR4 have also
been sequenced before (Vainikka et al. 1992). Our sequence de-
viates from the intron 8 sequence reported by four insertions of one
or two nucleotides and by insertions of one and eight nucleotides
in the sequence of Vainikka and coworkers (1992). In addition,
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Ex2>Ex3
FGFR4 - - -MRLLLALLGILLSVPGPPVLSLEASEEVELEPCLAPSLE--QQEQELTVALGQPVRLCCGRAERG----GAWYREGSRLAPAGRVRGWRGRL

Ex2>Ex3
FGFR3 MGAPACALALCVAVAIVAGASSESLGTEQRWGRAAEVPGPEPGQQEQ-LVFGSGDAVELSCPPPGGGPMGPTVWVKDGTGLVPSERVLVGPQRL

FGFR1 MWSWKCLLFWAVLVTATLCTARPSPTLPEQAQPWGAPVEVES ------- FLVHPGDLLQLRCRLRDDVQS-- INWLRDGVQLASSNRTEITGEEV

a 	*	 Ex3><Ex4	 • Ex4>-Ex5	 a	 .
FGFR4 EIASFLPEDAGRYLCLAR• GSMIVLQNLTLITGDSLTSSN- DDEDPKSHRDLSNRHSYPQQ - - - -APYWTHPQRMEARLHAVPAGNTVRPRCPAA

Ex3><Ex4	 Ex4><Ex5
FGFR3 QVLNASHEDSGAYSCRQR- LTQRVLCHFSVRVTDAPSSG - -DDEDGE---DEARDTGVDTG----APYWTRPERMDSXLLAVPAANTVRFRC PAA

E,3><Ex4	 Ex4><Ex5
FGFR1 EVQDSVPADSGLYACVTSSPSGSDTTYFSVNVSDALPSSEDDDDDDDSSSEERETDNTRPNRMPVAPYWTSPERMEERLHAVPAARTVEFECPSS

.•	 ' a 	Ex5xEx6 	 Ex6><Ex7 *..	
• r•.•	 ..

FGFR4 GNPTPTIRWLRDGQAFHGENRIGGIRLRHQHHSLVMESWPSDRGTYTCLVENAVGSIRYNYLLDVLERSPHRPILQAGLPANTTAWGSDVELL
Ex5><Ex6	 Ex6><Ex7

FGFR3 GNPTPSISWLRNGRRFRGEHRIGGIRLRHQQWSLVMESWPSDRGNYTCVVENRFGSIRQTYTLDVLERSPHRPILQAGLPANQTAVLGSDVEFH
Ex5><Ex6	 Ex6><Ex7

FGFR1 GTPNPTLRWLIQ GEEFICPDHRIGGYIVRYATWSIIMDSVVPSDEGNYTCIVENEYGSINHTYQLDVVERSPHRPILQAGLPANETVALGSNVEFM
.	 .. a•. 	.. + ..	

......Ex.fe	

• .+a	 r	 ••••.......ExB><gx9.r •as •	 a. .	 r	 • a ra• r•	 • es a•

FGFR4 CRVYSDAQPHIQWLK VINGSSFGADGFPYVQVLKTADINSS- - EVEVLYLRNVSAEDAGHYTCLAGNSIGLSYQSAWLTVLPEEDPTWTAAAP
x7--'x9	 Ex9><Hx10

FGFR3 CRVYSDAQPHIQWLRHVHVNGSRVGPDGTPYVTVLRTAGANTTDRELEVLSLHNVTFEDAGEYTCLAGNSIGFSHHSAWLWLPARERLVEADEA
Ex7><Ex9	 Ex9><EZ10

FGFR1 CRWSDPQPHIQWLRHIEVNGSRIGPDNLPYVQILRTAGVNTTDREMBVLHLRNVSFRDAGEYTCLAGNSIGLSHHSAWLTVLEALE-ERPAVMT
.•.•ra as..e•ar•, ,.a. w a ••. s••. •	 •, ••• :,.w, •aea••.. a:aa:+. . - +•ax •w

.	 ••	 Ex9><Ex10
FGFR4 EARYTDIILYASGSLALAVLLLLAGLYRGQALHGRH- - PRPPATVQKLSR- FPLARQFSLESGSSGRSSS--SLVRGVRLSSSGPALLAGLVSLD

Ex10'Ex11
FGPR3 GSVYAGILSYGVGFFLFILWAAVTLCRLRSPPREG--- LGSPTVHRISR- PPLRRQVSLESNASMSSNT- - PLVRIARLSSGEGPTLANVSELE

Ex10><Ex11
FGFR1 SPLYLEIIIYCTGAFLISCMVGSVIVYRMRSGTERSDF-HSQMAVHRLARSIPLRRQVTVSADSSASMNSGVLLVRpSRLSSSGTPMLAGVSEYB

•'• • Hx10><Ex11  	 .*•Ex11'Ex12..	
•.r •..•	

Xx12><F,x13
FCFR4 LPLDPLWEPPRDRLVLGRPLGEGCFGQVVRARAFGMDPARPDQASTVAVIDH.RDNASDRDLADLVSEMEVMRLIGRHOVIINLLGVCTQEGPLYV

Ex11><Ex12	 Rx12><Ex13	 Ex13><Ex14
FGFR3 LPADPRWELSRARLTLGRPLGEGCFGQVVMAEAIGIDRDRAAEPVTVAVRNLRDDATDRDLSDLVSEMEMMRMIGRHRNIINLLGACTQGGPLYV

Ex11><Ex12	 Ex12'Ex13	 Ex13- Ex14
FGFR1 LPEDPRWELPRDRLVLGRPLGEGCFGQWLARAIGLDRDRPNRVTRVAVRMLRSDATEKDLSDLISEMEMMIQ4IGRRRNIINLLGACTQDGPLYV

.+ •. •a a :r .er.r..ra••.ra •ar	

••r•r•^ 8x13'-.8x14 r	

•"•a•a •.. w•.r:

FGFR4 IVECAARGNLREFLRARRPPGPDLSPDGPRSSEGPLSFPVLVSCAYQVARGMQYLESRRCIHRDLAARNVLVTRDNVNRIADFGLARGVHHIDYY
Ex14><Ex15

FGFR3 LVEYAARGNLREFLRARRPPGLDYSFDTCRPPEEQLTFKDLVSCAYQVARGMEYLASQRCIHRDLAARNVLVTRDNVMRIADFGLARDVHNLDYY
Ex14><gx15

FGFR1 IVEYASBGNLREYLQARRPPGLEYCYNPSHNPEEQLSSRDLVSCAYQVARGb=LASRRCIHRDLAARNVLVTBDNYNRIADFGLARDIHHZDYY

Ex14><EXIS	

r:a	

Ex15' Ea16 •,	

••rr••.•.+ -	 na•••u••"Ex16><Ex17ra.,.ar	 .. +

FGFR4 ERTSNGRLPVRWMAPHALFDRVYTHQSDVWSFGILLWEIFTLGGSPYPGIPVEELFSLLREGHRMDRPPHCPPELYGLMRECWHAAPSQRPTBRQ
E,15><Ex16	 Ex16><Ex17	 Ex17'- x18

FGPR3 RRTTNGRLPVRWMAPEALFDRVYTHQSDVWSPGVLLWEIFTLGGSPYPGIPVEELFRLLEEGHRMDKPANCTHDLYMIMEECWHAAPSQRPTFKQ
Ex15><Ex16	 Ex16><Ex17	 Sx17><Ex18

FGFR1 RKTTNGRLPVRWMAPEALFDRIYTHQSDVWSFGVLLWEIFTLGGSPYPGVPVEELFRLLKEGHRlWKPSNCTNELYMMKRDCWHAVPSQRPTFRQ
a	

•a••'Ex17xEx18 •• 

a•a•ra•	 ••.aaa•.a•a	 •.ra	 a,e	 ra •a•a.,..•.

FGFR4 LVEALDRVLLAVS-EEYLDLRLTFGPYSPSGGDAS-STCSSSD- SVPSHDPLPLGSSSFPFGSGVQT-------
Ex18><Ex19

FGFR3 LVEDLDRVLTVTSTDEYLDLSAPFRQYSPGGQDTP-SSSSSGDDSVFANDLLPPAP---PSSGGSRT-------
Ex18><Ex19

FGFR1 LVEDLDRIVALTSNQHYLDLSMPLDQYSPSFPDTRSSTCSSGEDSVPSHEPLPEEP-CLPRHPAQLANGGLRRR

Fig. 4. Alignment of amino acid sequences of
FGFR4, FGFR3, and FGFR1. Location of known
exon boundaries is given. * marks identical amino
acid residues in all three sequences; . indicates
conserved amino acid exchanges.

three bases differed between the two sequences. The sequence of
intron 9 was identical with the exception of one base change.
Comparison of the genomic sequence established here to known
cDNA sequences (Partanen et al. 1991; Ron et al. 1993) revealed
two amino acid changes. At amino acid position 10 we detected an
isoleucine instead of a valine, and at position 136 we found a
leucine instead of a proline. There is also a discrepancy between
the cDNA sequences reported. While Partanen et al. found a valine
at position 297, Ron et al. (1993) detected aspartic acid as did we.

A FGFR4 gene has also been described in other vertebrates
including rat (Horlick et al. 1992), mouse (Stark et al. 1991),
chicken (Marcelle et al. 1994), pleurodeles (Shi et al. 1992), and
danio (Thisse et al. 1995). These studies have demonstrated that
FGFR4 has been less conserved during evolution than the other
three receptors. Thus, in danio an extra Ig loop was reported, and
in the rat no signal peptide, IgI loop nor acid box, was found.
Interestingly, a methionine is also found in exon 5 of the human
sequence that is homologous to the start codon (ATG) of the rat.
Although we did find a possible promoter in intron 4, it remains
unclear whether this promoter is used for alternative processing of
the FGFR4 transcript. In any case, such transcript would occur in
low quantities only, since it could not be detected on Northern
blots (Partanen et al. 1991; Ron et al. 1993).

While mutations in FGFRI, 2, and 3 were shown to cause
various human diseases of bone differentiation, no disease has yet
been associated with mutations in FGFR4. Given that FGFR4 is
expressed in skeletal muscle and may play an important role in the
maintenance of the undifferentiated state of myoblasts (Shaoul et
al. 1995), FGFR4 mutations might be detected in diseases of

muscle. Both the sequence and STRP information provided here
will facilitate rapid mutation screening in disorders in which
FGFR4 is considered a candidate gene.
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