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’ 1
7 , BMP 11
, BMP , 3 12
Dorsalin-1 ( 6 ),
8] , Dorsalin-1 1
(5-10] , Dorsalin-1 13 ,
, Dorsalin-1 -80°C
. . 11 12
, Dorsalin-1-like ) [ 2]
cDNA , )
Dorsalin-1-like mRNA ( Dorsalin-1-like
) , ( 2
Dorsalin-1-like RNA
*1 ¥BEHREERER
Tab.1 Mature Cynoglossus semilaevis samples
/ /a /mm /g
sample numbers of individuals age body length mean body weight
female 6 3 583.0+61.3 1479.2 +280.8
male 6 3 333.3+14.3 170.3 £16.9
*2 BHABMBEXBEHHERER
Tab. 2 Cynoglossus semilaevis samples in the early developmental stages
egg stage larval stage
sampling information juvenile fingerling
cleavage gastrula embryonic  hatching  early-stage late-stage stage stage
stage stage stage stage larvae larvae
3d, 4 d, 20d,30d,
N 3h 13h 22h 32h 1d,24d 5d 104 404,504 90 d
. /md 20 20 20 20 6 6 6 6
sampling number
1.2 3’ 5'RACE
121 GenBank (Dorsalin-1-3-OUTER/INNER Dorsalin-1-5'-
Dorsalin-1-like cDNA , OUTER/INNER) ,
, Primer Premier 5.0 Dorsalin-1-like cDNA
Dorsalin-1-F  Dorsalin-1-R( 3), PCR (Dorsalin-1-RT-F/R)
Dorsalin-1-like 1.2.2 RNA cDNA

Dorsalin-1-like ¢cDNA
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Tab. 3 Oligonucleotide primers used in this study

name of primer primer sequen(cses_ 35)'—3') amplification target
Dorsalin-1-F CTCAAGGTCAACTTCAAAGACAT Dorsalin-1
Dorsalin-1-R GGTACATGACCGTGATGGGGT ¢DNA fragment of Dorsalin-1
Dorsalin-1-5-OUTER AGAGTCTGGATGAGGGCGTGTTTGGA 5'RACE
Dorsalin-1-5"-INNER CAGCGGGTGGTAACAAAGACCTCGGC 5' RACE amplification
Dorsalin-1-3"-OUTER GGTCAACTTCAAAGACATTGGCTG 3’ RACE
Dorsalin-1-3"-INNER ACATGGCTTGTTGTGTCCCAAT 3’ RACE amplification
Dorsalin-1-RT-F GACATTGGCTGGGACAGTTGG Dorsalin-1 PCR
Dorsalin-1-RT-R GTCTGGATGAGGGCGTGTTTAG expression of Dorsalin-1
EF1A-F GACAAACTGAAGGCHGAGCG Dorsalin-1
EF1A-R CAGCCTGAGAGGTTCCAGTGAT expression of EF1A
18S-F CCTGAGAAACGGCTACCACATCC Dorsalin-1
18S-R CCAATTACAGGGCCTCGAAAG expression of 18S
, Trizol  (Invitr- ABI 7500 PCR
ogen) RNA , (E > 90%; R*> 0.990),
RNA , PrimeScript RTase PCR , 3
(Takara) cDNA
1.2.3 Dorsalin-1-like cDNA 1.25 DNA
, Dorsalin-1-F/R, EditSeq DNAMAN
cDNA R Dorsalin-1-like cDNA NCBI BLAST DNASTAR R
PCR 25 pL Dorsalin-1  BMP
:94°C 3 min; 94°C 305, 53°C 30s,72C 30s, ;
35 ; 72°C 10 min RACE Dorsalin-1-like ClustalX
SMARTer RACE cDNA (Clontech), BMP
Dorsalin-1-like cDNA ; Neighbor-Joining (NJ)
PCR MEGAS5.1 ,
PCR , 1 000
: PCR Ce . pact
1.2.4 Dorsalin-1-like mRNA Dorsalin-1-like mRNA
+
PCR , Dorsalin- (mean + SE) , SPSS 16.0
1-RT-F/R(  3), cDNA , one-way ANOVA Dorsalin-1-like mRNA
(elongation
factor 1-alpha, EF1A) Dorsalin-1-like »
mRNA , 18S
DNA(18S ribosomal RNA, 18S) 2.1 Dorsalin-1-like cDNA
Dorsalin-1-like mRNA
( ) SYBR" Dorsalin-1-F

Premix Ex Taq™ (TaKaRa) , Dorsalin-1-R, cDNA
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224 bp , BLAST , BMP10 ,
Dorsalin-1-like 0.307~1.025  0.962~1.055
Dorsalin-1 BMP10
cDNA 5° 3 , , NJ
Dorsalin-1-like 5" 3" RACE , 2 ,
1342bp 822 bp , BMP10 , Dorsalin-1
BLAST BMP10 ,
Dorsalin-1-like 5" 3’ 3 Dorsalin-1 Dorsalin-
s Dorsalin-1-like 1-like , Dorsalin-1-like
cDNA , Dorsalin-1
Dorsalin-1-like cDNA BMP10
1 961 bp, 153bp 5 (5'UTR)
1 260 bp (ORF) 548 bp 3 2.3 Dorsalin-1-like mRNA
(3'UTR), 3'UTR
AATAAA (1) PCR
Dorsalin-1-like 419 , Dorsalin-1-like mRNA
24 395 , Dorsalin-1-like mRNA
Dorsalin-1-like , ;
46.72 kD, (pI) 5.65 ;
Dorsalin-1-like BLAST , ( 3 Dorsalin-1-like
Transforming growth factor-beta (TGF- mRNA 59
beta) , 4 , Dorsalin-1-like mRNA
p ,
Dorsalin-1-like C , Dorsalin-1-like mRNA
BMP 7 (D
2.2 Dorsalin-1-like , Dorsalin-1-like mRNA
BLASTX DNASTAR 10.7
Dorsalin-1-like Dorsalin-1-like
Dorsalin-1 , 2 1
10(BMP10) , Dorsalin-1-like
) 1.09+0.44
Dorsalin-1 30.8%~69.0% , Dorsalin-1-like mRNA
( 4 , fili (Takifugu rubripes) 4
Dorsalin-1-like (69.0%),
(Taeniopygia guttata)Dorsalin-1-like
(52.6%) 3
Dorsalin-1-like BMP10 s BMP
28.4%~32.7% , , BMPs
Dorsalin-1-like Dorsalin-1
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61
121

181
10
241
30
301
50
361
70
421
90
481
110
541
130
601
150
661
170
721
190
781
210
841
230
901
250
961
270
1021
290
1081
310
1141
330
1201
350
1261
370
1321
390
1381
410
1441
1501
1561
1621
1681
1741
1801
1861
1921

5S'UTR  3'UTR

Fig. 1 Nucleotide and deduced amino acid sequences of Cynoglossus
The lowercases indicate the 5S'UTR and 3'UTR, the signal peptide is underlined, the AATAAA sequence that indicates the

acatgggggggageatgggageggacatcaggactgetgtgtetgtacgaggaaacteca
tttccaaaccttgecaccgeaaagtetgtittcacactgagaagaaggtcaagttctgge
cattttggaatttcaaataggatcgaactcgagATGCTGAGCTCCAGAGCGTTTCTGTTG
M L s s R A F L L
CGGGTGTGTTTGAGTCTGGCCGTGTACAGCGGGTCCAGCACCTGTAAACCTCTCAGTAAT
R V C L S L AV Y S G S S T C K P L S N
GACGTGGAAAGTCAGGACCCCGAGGGATTAGACATTCAGCTGTCAGACGATGATCTACTG
pD VvV ES QD P EGLDTI QLS DUDUDL L
GAGAAGGAAGACGTGGACATGAGGATGGAGAACCTCCTTGGGAACATGAAGGAGGGCTTT
E K E D V DM R MENTILILGNMMIEKE G F
TTGAAAAAACTCAACCTGTCAGATGTTCCTCAGGAGCACAGCAAGATGTCTCCTCCTCAG
L K K L NLSDV P Q EH S KMS P P Q
TTCATGATGGAACTTTACAACAAGTATGCTGCAGACCGCTCCACCAGCCCTCAGTCGGAT
F MM EL Y N KY A AUDU ERSTS P Q@S D
GTCATAAGAAGCTTCTCTGTTCAAGATTTCACCATCTCTTTAATCAATGGCACAAAGACA
v I R S F § V Q D F T TIT S L I NG TIK T
AAGCACAGGCTGCAGTTCAACGTCACCATCCCCAGTCATGAGAAGATTGTCACATCTGAA
K HRLQF NV TIPS HEIZ KTIV TS E
CTCCAGCTCTTCTTTTTTCCAGACAACACGTCAATAACCTCCTCAAAGTCAATAGTCAAA
L @ L F F F P DNTSITSS K S TI VK
GTCCACGAGGTGGGTCACAATTTGACTTCTACGACCCTACTCGAGGGCAAAGAGGTGACC
vV H EV GG HNLTSTTULIULESGIEKEWVT
AGTTCTCATGGTGTGTGGGCCTCATTTGACGTGACTGCAGCAGT TGAGGGCTGGTCGAGG
S S H GGV WAS FDWVTAAVYEGWS R
TCAGGCTGCGGTGCAACTGTTTTAGACGTCGTGGTGGACAGGAAGGATTGTGTAGCTCCT
s G C 6 ATV L DV V V DRIEKUDTCV A P
CCAGGTGGAGATGAAGCAGCAGGATGTTTGAATGTGAGCCTGTCGGT TGGAGGAAACACC
P G G D EAAGCLNVYVY S LSV G GNT
TCAGCAGCTGTGATTGTGTTCTCAGATGACCTGAGCAGCAGGAGGCAGGAGAACAAGAAG
S A AV I VF S DDILS S RZRQE N K K
GAGCTCAGGGAGATGATCCACCGTGAGGAAGAAGCCATCCTGCACTCAGGCGCTGACTGG
E L R EM I HREEEATIILUHSGATD W
AACAGAGGGGGAGATCTGCCAAACGAAATCCTGGAAGCTCAACATCCACGGAGAACCAAA
N R G G DL PNETIULEAUGQQHUPI ERIERT K
AGAAAGGCCAGTGGGAGGGAGTACTGCCGGCGGACCTCACTCAAAGT CAACTTCAAGGAC
R K A S G R E Y @ R R TS L KV N F KD
ATTGGCTGGGACAGTTGGATTGTGGCTCCTCCAGAATATGACGCCTATGAATGCCGAGGT
I GWDSWTIVAPPETYDAYETI T RSG
CTTTGTTACCACCCGCTGACGGATGAGTCCACCCCATCTAAACACGCCCTCATCCAGACT
L @ Y H PLTDESTUPSIKWHATLTIA QT
CTGATCAACATCAGGGACCCCGGGAAAGCCAACATGGCTTGTTGTGTCCCAATTAAACTG
L I NIRDPGEKANMAPKHEMEHVYVY P 1KLL
GACCCCATCACGGTCATGTATCAAGAGAATGGACGTCTCACTATAAGATATCTGTACGAG
p P I TV MY Q ENGUERIULTTIUERYL Y E
GAGATGAAGGTGGCAGAGTGCGGGTGCAGGTAGttggagget tggttggagtaaatagta
E MKV AEWKGocIrR *
taagtataaaaagaaataaaataaagtgaaacgttaaagagatacatacaaaatatttte
taatttgtactttaagttggtcgatctttggtatccatgeatggatacacattagatact
gacacatgccatgcagaccttattaacaattagcactagaaattagcaagaagaatgatg
tgcataaatggtgtcataggaatttagatatttatgttactgttaggettgaagaaagac
attgagacaccagagacaccaaaaaacaacaaatgtgcacttcctgttagaggcagaagt
aaatcagtcacagtttccaaatagaacatttgtttaaaaaactactgcagaccaaagetg
acagtttagtaaaggtcaaatttgtttttatggtgtttectgeteatactetactaaaaac
tagcaaaatgtcgcaatggtaaataaagttagcatttttacattttatgecagtatttacg
ataataaatctgtacttgtatgtcaagtacataataagcgtaaaaaaaaaaaa

1 Dorsalin-1-like

R (aataaa) . poly(A)

>

semilaevis Dorsalin-1-like gene

polyadenylation signal is bold, and the poly(A) signal sequence is double underlined. Cys residues are boxed. The stop codon is

marked by an asterisk.
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Tab.4 Amino acid identity of Cynoglossus semilaevis Dorsalin-1-like with corresponding published sequences

GenBank Cynoglossus semilaevis

gene species GenBank access. no. 1%

identity pairwise distance
Cynoglossus semilaevis KC422337
fifs Takifugu rubripes XP_003961584 69.0 0.311
Dorsalin-1-like Oreochromis niloticus XP_ 003438592 67.5 0.307
Meleagris gallopavo XP_003208056 329 0.935
Taeniopygia guttata XP_004174850 30.8 1.025
. Gallus gallus AAA48752 32.7 0.962
Dorsalin-1 .

Columba livia EMCR87355 32.5 0.969
Gallus gallus XP 417667 32.7 0.976
Columba livia EMC87216 32.7 0.983
Callithrix jacchus XP_002757713 32.5 0.983
Papio anubis XP_003908804 322 0.976
bone Saimiri boliviensis boliviensis XP_003922717 322 0.983
morphogenetic Macaca mulatta XP_001096299 32.2 0.969
protein 10 Nomascus leucogenys XP_ 003262538 32.0 0.983
Gorilla gorilla gorilla XP_004029400 32.0 0.976
Homo sapiens NP_055297 31.7 0.983
Mus musculus NP_033886 31.0 1.004
Danio rerio NP_001124072 28.9 1.055
bone fifi Takifugu rubripes XP_003974763 32.7 0.969
morphogenetic Oreochromis niloticus XP 003448668 30.5 0.962
protein 10-like iy Oryzias latipes XP_004072919 28.4 1.004

KA (Gorilla gorill gorilla)BMP10
B N(Homo sapiens) BMP10
1138 45 (Nomascus leucogenys) BMP10
AAEBE I (Papio anubis) BMP10
MW B Macaca mudatta) BMP10
i A Callithrix jacchus)BMP10
VSl fis B (Saimiri boliviensis boliviensis) BMP10
NG Bl Mus musculus) BMP10
i 58(Columba livia) BMP10
EI;;E W Gallus gallus) BMP10
B i ( Danio rerio) BMP10
i (Oryzias latipes) BMP10-like

f
— E 5 AE i Oreochromis niloticus) BMP10-like
L1084 058K Takifugu rubripes) BMP10-like

5L A8%( Gallus gallus) Dorsalin-1
K A Meleagris gallopavo) Dorsalin-1-like
I:J}][ G8(Columba livia) Dorsalin-1
BERY B4 (Taeniopyeia guttata) Dorsalin-1-like
23T i Cynoglossus semilaevis) Dorsalin-1-like

\_:? 165 743 Jytli( Takifugu rubripes) Dorsalin-1-like
e B B i1 Oreochromis niloticus) Dorsalin-1-like

0.1

2 Dorsalin-1  BMP10 (NJ )
Fig. 2 Phylogenetic tree of Dorsalin-1 and BMP10 sequences based on Neighbor-Joining (NJ) method
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Fig. 3 Expression of Dorsalin-1-like mRNA in various tissues
of Cynoglossus semilaevis
B: brain; C: cartilage; D: dorsal fin; Gi: gill; Go: gonad; H:
heart; I: intestine; K: kidney; L: liver; M: muscle; Sp: spleen; s
Sc: spinal cord; St: stomach.

C , 7 >
[17] , BMPs
3 ,
[3. 14-13] Dorsalin-1-like BMPs
C 7 )
, Dorsalin-1-like
BMP , BMPs
TGF-B , )
Dorsalin-1-like N [18-19]
1 s Dorsalin-1-like mRNA
, Dorsalin-1 , mRNA

Dorsalin-1-like
Dorsalin-1 BMP10

10 - n=6; xxSE

HIAF 25T relative expression
(3]

0
3h 13h 22h 32h 1d 2d 3d 4d 5d 10d 20d 30d 40d 50d 90d
WL IS R] time post hachery

4 Dorsalin-1-like mRNA
Fig. 4 Dorsalin-1-like mRNA expression level in early developmental stages of Cynoglossus semilaevis
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Molecular cloning and expression analysis of Dorsalin-1-like gene
in the tongue sole (Cynoglossus semilaevis)

MA Qian, ZHUANG Zhimeng, LIU Shufang, TANG Qisheng

Key Laboratory for Fishery Resources and Eco-environment, Yellow Sea Fisheries Research Institute, Chinese
Academy of Fishery Sciences, Qingdao 266071, China

Abstract: As a member of the bone morphogenetic protein (BMP) family, Dorsalin-1 plays an important role in
regulating the development of the nervous system. To date, studies involving the vetebrate Dorsalin-1 has thus far
only rarely been reported. In this study, molecular cloning and expression analysis of Dorsalin-1 gene were
performed in the tongue sole (Cynoglossus semilaevis). As a result, the Dorsalin-1-like cDNA sequence is 1 961
bp, which contains a 5’-untranslated region (UTR) of 153 bp, an open reading frame (ORF) of 1 260 bp encoding a
protein of 419 amino acids, and a 3’-untranslated region (UTR) of 548 bp. The homology and phylogenetic
analysis revealed that the deduced amino acid sequence of C. semilaevis Dorsalin-1-like gene exhibited the highest
identity with those of Takifugu rubripes and Oreochromis niloticus, and the fish Dorsalin-1 formed a single lineage
from the other vertebrates. The tissue expression distribution pattern of Dorsalin-1-like gene was examined in the
13 tissues of female and male adults. The results showed that the Dorsalin-1-like mRNA was predominantly
expressed in heart, and less expressed in the liver and spinal cord. Finally, the Dorsalin-1-like mRNA levels at
early developmental stages were also detected at egg, larva, juvenile and fingerling stages. The highest level was
observed in the embryonic stage (egg stage) and early-stage larvae (larva stage). These findings suggest that
Dorsalin-1 may play an important role in regulating early development of the egg and larva stages, and maybe
involved in the heart and skeletal development through the regulation of the nervous system.

Key words: Cynoglossus semilaevis; Dorsalin-1-like; mRNA expression; early developmente; skeleton growth;
nervous system
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