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400 , BMP4 s
73% , BMP4 , cDNA
BMP4 (Salmo salar)' 6§ BMP4
(Oryzias latipes)!™! (Paralichthys oliva- , BMP4 mRNA
ceus)!"! ( )
BMP4 , BMP4
, BMP4 mRNA
’ 1
7
[14] , BMP4 1.1
[13] BMP4 mRNA , 3
, BMP4 mRNA 12 ( 6 ) , (583.0+
; 61.3) mm (1479.2+£280.8) g; (333.3+
BMP4 , 14.3) mm (170.3£16.9) g
BMP4 13 ,
, -80°C R 3
[17]
[15-16] [18]
BMP4 R PCR(qRT-PCR)
( D ,
, PCR
(Cynoglossus semilaevis) RNA ; RNA
, 4% (PFA) 4°C
, 12~16 h, 30% 50% 70%
, 70% ,—207TC
1 RHABEMEFBEESHHEMRER
Tab.1 Information of Cynoglossus semilaevis samples in the early developmental stages
embryo stage larva stage
item . early- juvenile  fingerling
cleavage stage ng;;;la em‘sbtra);nlc hatching stage  stage larvae 1atlz;3;1ge stage stage
3,4,5,10, 20,30, 40,
sampling time 3 hpf 13 hpf 22 hpt 32 hpf 1,2 dph 15 dph 50 dph 90 dph
RT-PCR 20 20 20 20 6 6 6 6
samples for gqRT-PCR
: hpf , dph .

Note: hpf represents hours post fertilization; dph represents days post hatching.
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1.2 3’ 5'RACE (BMP4-3'-
GenBank BMP4 OUTER/INNER  BMP4-5-OUTER/INNER)
cDNA , , Primer s BMP4 cDNA
Premier 5.0 BMP4-F PCR (BMP4-
BMP4-R(  2), BMP4 RT-F/R), (BMP4-HY-F/R) BMP4
, BMP4 cDNA RNA
*2 AMRETABSIYEFT
Tab.2 Oligonucleotide primers used in this study
primer (5'-3") primer sequence (5'-3") amplification target
BMP4-F CCTGGTAAYCGAATGCAATGCTGATGGT BMP4
BMP4-R GNGCCACDATCCARTCRTTCCA

BMP4-5"-OUTER
BMP4-5"-INNER

BMP4-3'-OUTER
BMP4-3"-INNER

TGGTGTAAGGAACGGCTGATGCGGAC
GGATGCTGCTGAGGTTGAACAGGAAA

TCCTGTTCAACCTCAGCAGCATCCCA
CGTCCGCATCAGCCGTTCCTTACACCA

cDNA fragment of partial BMP4

5"RACE
5" RACE amplification

3'RACE
3’ RACE amplification

BMP4-RT-F CGCATCAGCCGTTCCTT BMP4 PCR
BMP4-RT-R CATTCCAGCCTACGTCACTAAA expression of BMP4
BMP4-HY-F ATGATTCCTGGTAATCGAATGC BMP4
BMP4-HY-R CGATTGCGTTTACGACCCCT in situ hybridization of BMP4
EF1A-F GACAAACTGAAGGCHGAGCG mRNA
EFIA-R CAGCCTGAGAGGTTCCAGTGAT expression of EFIA
18S-F CCTGAGAAACGGCTACCACATCC mRNA
18S-R CCAATTACAGGGCCTCGAAAG expression of 183 rRNA
1.3 RNA ¢cDNA BMP4-RT-F/R ( 2),
cDNA , BMP4 mRNA
R Trizol
(Invitrogen) RNA , 2 , (elongation factor
RNA , PrimeScript RTase l-alpha, EFIA) 18S DNA(18S ribosomal
(TaKaRa) cDNA RNA, 18S) PCR (19]
1.4 BMP4 cDNA SYBR® Premix Ex TaqTM
, BMP4-F/R, (TaKaRa) , ABI 7500
cDNA , BMP4 cDNA PCR (E>
PCR 25 L, :94°C 3min;  90%; R*>0.990), PCR ,
94°C 30's, 53°C 30's, 72°C 30 s, 35 ; 72°C 3
10 min RACE SMARTer RACE ¢cDNA 1.6 RNA
(Clontech), BMP4 BMP4 (903 bp)
cDNA PCR (pGEM-T, Promega)
PCR RNA , Noc 1 (NEB
, Biolabs) ,
1.5 BMP4 mRNA UTP(DIG-UTP) SP6 (DIG RNA
Labeling Mix, Roche)
PCR , RNA 10 L,
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DNA 4 pg, 1 pL 10xbuffer, 1 pL DIG-UTP Mixture,

1 uL , | uL RNA
Holland Y
, K , 4% PFA s ;
60°C 3 h, RNA (

1 ng/uL)60°C 16 h;
, (blocking reagent, Roche)

2 h, a:
2000 )4°C ; )
NBT/BCIP( /5- -4-  -3-
) ,
80% ,
SMZ1500
1.7
DNA EditSeq
DNAMAN ; NCBI
BLAST DNASTAR ,
BMP4 ;
BMP4 ClustalX
BMP4 ;
MEGAS.1 Neighbor-Joining (NJ)
: 1000 BV PCR
C pAneT BMP4
+ (x+8D)
SPSS 16.0 One-way ANOVA
BMP4 mRNA
2
2.1 BMP4 cDNA
1 , BMP4 cDNA
1680 bp(GenBank : KC422339)
, BMP4cDNA 419bp 5’
(5'UTR) 1212 bp (ORF)
49 bp 3’ (3'UTR) , 403
BMP4 20

383 >

46.07 kD, (p) 7.96
BMP4 BLAST ,
Transforming growth fac-
tor-beta (TGF-beta) , B
, BMP4 C
BMP 7
1 BMP RISR (D
2.2 BMP4
BMP4
( 2), BMP4
C , BMP4
7 3
N 1 (RXSR)
MEGAS.1
BMP4 )
) BMP4
, 0.043~0.051(  3)
BMP4 , (Danio
rerio) , 0.214 ,
, 18 BMP4
(Xiphophorus maculatus) BMP4
( 3
2.3 BMP4 mRNA
PCR
BMP4 mRNA ,
BMP4 mRNA
4 , BMP4
, BMP4
mRNA
(P<0.05)
5 , BMP4
( ) ;
(22 hpf) ,
; ( 3 4 )
10 ,
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1 ggagaagttttcctctegtgetgegetgegectgcaccaactecttactgttgecgtgagt
61 ggaggegggttggagacgecgetgetgagtecgtgtgegeeggegttecactgtetgtete
121 tceggecggtgtgaatttgtectegetgetgtggecgaaggattaatgagecgeagggac
181 gaacagtttctcctctgaggectcatttttaaggetttacgectggactgegtttcagage
241 ttteetttcacattcactetgetegaggatacctggacctectactgatggaacagggtea
301 ctccaacgttctcctgeagecgeccaacaccacctaacatttgetggaaaaacgggtcea
361 tcgeetgeteccaacaaacatggactgtttteccatgetttattttetgtegagacatcA
421 TGATTCCTGGTAATCGAATGCTGATGGTCATTTTAATATGCCAAGTCCTGCTGGGAGAGA
1 M T PGNRMLMYVIILICQVILILGE
481 GCAACCATGCTAGTCTGATACCTGAAGAGGGGAAAAAGAAAGTACCGGGCCTGCAGGGTC
21 S NHASLTITU®PEZESGI KTZ KT KV P GL QG
541 GTTCGGCCGCTCAGAGCCATGAACTGCTGCGGGACT TTGAGGCCACGCTGCTGCACATGT
41 R S AAQSHETLTLI RDTEFEATTLTLHM
601 TCGGCCTCAAGAGGCGGCCAAGGCCCAGCCGCTCCACCACCGTGCCTCGCTACTTGCTGG
61 F GL KR RPRPSRSTTVPIRYLL
661 ACCTCTATCGACTACAGTCGGGGGAGGCCGAGGAGGCCGGAGGGCACGATATTGCCTTCG
81 DLYRLIGQSGEAETEAGGHTDTIATF
721 AGTATCCAGAGAGGTCAGCCAGCCGGGCCAACACTGTAAGAGGCTTCCACCATGAAGAGC
101 EYPERS SASRANTVRGTFHUHEE
781 ACATGGAAAGGGTGCATGAGCTGGACGATGGAGAAGCCACGCCCCTGCGTTTCCTGTTCA
121 HMERVHETLTDDTGEATUPTLTR RTFTLF
841 ACCTCAGCAGCATCCCAGAAGATGAGCTGCTCTCTTCTGCTGAACTTCGGCTCTACCGGC
141 NLSSTITPEDETLTILSSAETLIRTILTYR
901 AGCAGATCGACGAGGCCCTGGCCGACAGCCTCTCAGTCCAGCAGGGGCTTCACAGGATAA
161 Q Q I DEALADSTLSVQ Q GLHR RTI
961 ACGTGTATGAGGTTTTGAAGCCCCCCCGGCCTGGGCAGCTGATAACGCAGCTTTTGGATA
181 N VY EVLI KPPRPGQULTITZ® QTZLTLTD
1021 CTCGGCTTGTGCGCCACAACGCGTCCCGTTGGGAGAGCTTTGACGTCAGCCCCGCAGTGC
201 T RLVRHNASIRWETST FEFDVSPAWV
1081 TGCGCTGGACTCGTGAGCGCCTCCCTAATTACGGGCTAGCAATAGAGGTGCAGCACCTCA
221 L RWTRERLUPNYGLATIEVQHL
1141 ACCAGACTCCGCGCCACCAGGGCCGACACGTCCGCATCAGCCGTTCCTTACACCAGGAGC
241 NQ TPRHQGIRHVYVY RIS RSLHA®QE
1201 CCGGTGAGGACTGGGAGCAGCTACGCCCCCTACTGGTCACATTTGGCCATGACGGGAAAG
261 PG EDWEOQLIRPLTLVTTFGHTDSGK
1261 GTCACCCTTTGACCCGCCGGACCAAGCGCAGCCCCAAGCAAAGGGGTCGTAAACGCAATC
281 ¢GHPLTI®RRTI KIRSPZ K QRGRI KRN
1321 GCAACTGCCGGCGTCACGCACTGTACGTGGACTTTAGTGACGTAGGCTGGAATGACTGGA
301 R N @ R RHALYVDFSDVGWNDW
1381 TAGTGGCGCCCCCTGGTTACCAGGCGTATTACTGCCATGGGGAATGCCCCTTTCCTCTGG
321 IvarPPeyYyaAaYYHHGEQ?PFPL
1441 CAGATCATCTGAACTCCACTAACCATGCCATTGTTCAGACACTGGTGAACTCTGTGAACA
341 A DHLNSTNHATIUVQTTLVNSVN
1501 GCAACATTCCCAAGGCCTGCTGCGTGCCAACAGAGCTCAGCGCCATCTCCATGCTCTACC
361 sNIPEKAFRMPVPTELSATISMLY
1561 TGGACGAACATGACAAGGTGGTCCTAAAAAACTACCAGGAGATGGTAGTGGAGGGCTGCG
381 L DEHDZ KV VVLE KNYZ QEMVVESG !
1621 GCTGCCGCTAAcacacactaagtagaactggacttggactggecactagaaaaaaaaaaa
401 6 [ r =
1 BMP4

5'UTR  3'UTR , , , RISR

Fig. 1 Nucleotide and deduced amino acid sequences of Cynoglossus semilaevis BMP4 gene
The lowercases indicate the 5’UTR and 3'UTR. The signal peptide is underlined; Cys residues are boxed; RISR sequence is double
underlined. The stop codon is marked by an asterisk.
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V8 85 Cynoglossus semilaevis
KSR Salmo salar

B Danio rerio

TV EFGEE Astyanax mexicanus
8N Homo sapiens

T Xenopus laevis
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*

BMP4
, RISR N

Fig. 2 Alignment of BMP4 amino acid sequences of Cynoglossus semilaevis and other vertebrates
The signal peptides are boxed by shaded rectangles; Cys residues are boxed; RISR sequences are double underlined;
Conserved N-glycosylation sites are underlined.
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Tab.3 Nucleotide sequences identity of Cynoglossus semilaevis BMP4 gene with corresponding published sequences

species GenBank GenBank access no pairwise distance
Cynoglossus semilaevis KC422339
Tanganicodus irsacae AB084667 0.043
Ophthalmotilapia nasuta AB084663 0.043
Haplotaxodon microlepis AB084659 0.043
Gnathochromis permaxillaris AB084657 0.043
Boulengerochromis microlepis AB084654 0.043
Steatocranus casuarius AB084665 0.045
Julidochromis transcriptus AB084661 0.045
Tropheus duboisi AB084666 0.045
Cyprichromis leptosoma AB084656 0.045
Ctenochromis horei ABO084655 0.045
Neolamprologus brichardi XM_006798429 0.048
Maylandia zebra XM_004540344 0.048
Tilapia rendalli AB084668 0.048
Haplochromis burtoni AB084658 0.048
Astatoreochromis alluaudi AB084653 0.048
Labidochromis caeruleus AB084662 0.048
Haplochromis chilotes AB298807 0.051
Pundamilia nyererei AB084660 0.051
Salmo salar NM_001139844 0.056
Xiphophorus maculatus XM_005815394 0.067
Salvelinus alpinus JQ624875 0.076
fifi Takifugu rubripes XM_003962521 0.081
i Oryzias latipes XM_004082199 0.096
Astyanax mexicanus DQ915173 0.128
Lepisosteus oculatus XM_006632416 0.170
Danio rerio DRU82231 0.214
Rattus norvegicus AY184241 0.250
Papio anubis NM_001169087 0.250
Homo sapiens NM_001202 0.250
Xenopus laevis AF058764 0.291
BMP4 mRNA , 5
, BMP4 mRNA
( 2.4 BMP4 mRNA
7 3~4 BMP4 mRNA 6 , BMP4 mRNA 1
(1~90 ) , ( 6A)
BMP4 2 2
, BMP4 mRNA ( 6B;3 ( 60) 5 ( 6D-F)
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- WISRRESL Wi #4. Steatocranus casuarius
N5 Gnathochromis permaxillaris
- IHIBI2E88 Tropheus duboisi
/N AT TN £4. Haplotaxodon microlepis
AR Tilapia rendalli
- /NS . Cyprichromis leptosoma
WERIANETT Wi 4 Tanganicodus irsacae
4 Ophthalmotilapia nasuta
L IR T Astatoreochromis alluaudi
/NN 8. Boulengerochromis microlepis
L 22 FCAYTHN 4. Cenochromis horei
1A ECAMIN £ Haplochromis burtoni
WIS Labidochromis caeruleus
PEEE W 4 Maylandia zebra
YAk Z R WIHZEE] Pundamilia nyererei
KIEFMI 5 Haplochromis chilotes
= BERYE W 4 Julidochromis transcriptus
-L 1 EB 52 mit Neolamprologus brichardi
| Fé 4. Xiphophorus maculatus
L 12985 188 Cynoglossus semilaevis

21 55 85 Salvelinus alpinus

KVGHE Salmo salar
T Oryzias latipes
L1887l Takifugu rubripes

BE 5544 Danio rerio

VG RMRHE Astyanax mexicanus
BESFE 8% Lepisosteus oculatus

J\UE Xenopus laevis

—
0.02

3 BMP4
Bootstrap

¥R R Rattus norvegicus
BN\ Homo sapiens
B Papio anubis

(NJ )

1000 , 0.02 .

Fig. 3 Phylogenetic tree of BMP4 amino acid sequences based on Neighbor-Joining (NJ) method
The tree is based on a 1000 bootstrap procedure; the scale bar 0.02 in terms of genetic distance is indicated below the tree.
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BMP4 mRNA (P<0.05).

Fig. 4 Expression of BMP4 mRNA in various tissues of Cy-
noglossus semilaevis
B: brain; C: cartilage; D: dorsal fin; Gi: gill; Go: gonad; H: heart;
I: intestine; K: kidney; L: liver; M: muscle; Sp: spleen; Sc: spinal
cord; St: stomach. Different letters indicate significant differ-
ences among BMP4 mRNA levels in various tissues (P<0.05).

—_—
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3 132232 1 2 3 4 5 1020 30 40 50 90
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HH % FBrE: early developmental stage

5 BMP4 mRNA
hpf , dph
BMP4 mRNA (P<0.05).

Fig. 5 BMP4 mRNA expression levels in early developmental
stages of Cynoglossus semilaevis
hpf represents hours post fertilization; dph represents days post
hatching. Different letters indicate significant differences
among BMP4 mRNA levels at different developmental stages
(P<0.05).
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BMP4 ,
, : BMP4 mRNA BMP4 C (
10 110~130 aa), 7 ,
( 6G); BMP4 TGF-B
15~20 21 , BMP4
( 6H, 6l BMP RXXR ;
BMP4 R(I/V)SR,
[22]
3 , BMP4
BMP4 c¢DNA , BMP4 mRNA
6 BMP4
Al ,B.2 ,C.3 ,D-F. 5 ,G.10 JH. 15 ,1.20 , 1 (10 ). BMP4

Fig. 6 Spatial expression pattern of BMP4 gene in early developmental stages of Cynoglossus semilaevis by whole mount in situ hybridization
A. 1 dph; B. 2 dph; C. 3 dph; D-F. 5 dph; G. 10 dph; H. 15 dph; I. 20 dph; J. Negative control (10 dph). Hybridization signals were

reflected as blue color.
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BMP4 mRNA ,
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, BMP4 , ,
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BMP4 , (18]
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Molecular cloning and expression analysis of BMP4 gene in tongue
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MA Qian, FENG Wenrong, LIU Shufang, ZHUANG Zhimeng, MA Hui

Key Laboratory for Fishery Resources and Eco-environment, Yellow Sea Fisheries Research Institute, Chinese Academy
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Abstract: The growth and development of the vertebrate skeleton is regulated by the bone morphogenetic proteins
(BMPs), among which BMP4 is one of the most active osteoinduction factors. In this study, we cloned the BMP4
gene of the tongue sole(Cynoglossus semilaevis) and described its expression profiling. The BMP4 cDNA se-
quence was 1680 bp, and contained a 5'-untranslated region (5-UTR) of 419 bp, an open reading frame (ORF) of
1212 bp encoding a protein of 403 amino acids, and a 3’-UTR of 49 bp. Homology and phylogenetic analyses re-
vealed that the deduced amino acid sequence of the C. semilaevis BMP4 protein shares highest identity with those
of Cichlidae species, and fish BMP4 forms a single lineage distinct from the BMP4 proteins of other vertebrates.
The tissue expression distribution of the BMP4 gene was examined in 13 adult tissues. BMP4 mRNA was pre-
dominantly expressed in the gill, and less in the dorsal fin, cartilage, etc. In the early developmental stages, BMP4
mRNA was also detected at the egg, larval, juvenile, and fingerling stages, with the highest expression in the egg
stage (cleavage and gastrula periods), and the second highest in the larval stage (3—4 days old). Whole-mount in
situ hybridization showed that BMP4 mRNA was firstly detected in head and anterior region in the early larval
stage, and then appeared in the crown-like larval fin, jaw, and pectoral fin. BMP4 mRNA was then predominantly
expressed in all the fins and the operculum during the early juvenile stage. These results demonstrate the important
role of BMP4 in the fin development of C. semilaevis, and provide a theoretical foundation for investigating the
mechanisms regulating fish bone development.

Key words: Cynoglossus semilaevis; BMP4; molecular cloning; gene expression; whole-mount in situ hybridiza-
tion; skeletal development
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