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1.1 SCEe#RY

JE AT« R R A X LA T K A e SE
B R R I, WK E29d0T 46, RERR3 R
FELIR, —HEE62d. FH4%Z R RERE 2, EihfF
B, AT R G G A . I, HE R
30—A40HLT Z [B] LAY ] 52 T RNAFEALRAFR, 477K
T-20°C, H-TAa il bmp a2k K 5 LR B Ak 1A O
PEo BN, BUS i A BRAZLH . B .
i Oy ML WL B A E T RNAFEARAAE,
FEIT-20°C, Tl bmp2ak R 2R3 2 5 320K o
1.2 Et#Fbmp2aRFcDNATIE R FHI0H

X J i FE AL AL 2R AT T e sk 4 e, A5
SRR RBE I PE S 1 bmp 2aF bmp 23 [K 7 31 i3E
1T A Hiblastbbxf o FEFE SR AR Ibmp 2att A 7
H, AR K I bmp2bFE K75 V] GeJE i bmp 2b K
K ARZ 5 2 RS ULUA R AR R T . Bt
M LAbmp2a BB FEXT 4. i IE RT-PCRES &l
55631 JE i bmp 2a % Rl c DN A K 41 () B sz i, il
1%L 1. f# FJORF finder(https://www.ncbi.nlm.
nih.gov/orffinder/) & & FF 785 L HE; {8 FH ProtParam
(http://web.expasy.org/protparam/) Tl 4 15 £ 1
FRAL A5 ; 48 H Clustal W (http://clustalw.ddbj.nig.ac.jp/)
BEAT Z P B, FIFIMEGA 7.0°R F AR HEE I
AR, 1000k Bootstraps, HAth 2 £ 348 F Bk
IE™,
13 HEIRE

9T B IE Je s A AL IR A A PR 4 SR BRI S,
R T v 125 2 G 77 9 S A £ AT R
. FHBAKIES4% PRAR & AR A3 UK, B30 min;
FEASR AL 1% KOHMH, N> ¥FH,0,, 586 T I
P LB ER; FEAIR T Bt A RV AL (100 mL
& %&: 65 mL ddH,0, 35 mLYE AL 54 £ (Na,B,0-
10H,0) LIS, 1 gt ]k, B2 LENLA

#z1 54955

Tab. 1 Primers used in this study

4 FRPrimers J¥%1Sequence (5—3") FHi& Application

88/%$ATGGATCTAGCGCA i3 7
ﬁgéAAGTCCGGGGCGTC 5 e
TTCAACCTGACCTCCATC H HIR:H I E =
cC 519

,  ACGTCGAAACTCTCCCAC H M2ERH»t e
bmp2a-t (—) T
18S rRNA-t  AGAAACGGCTACCACAT WZHRKIE
+) CCA 519
18S rRNA-t CCGAGATCCAACTACGA WZER R E
()] GCT 51

bmp2a-c (+)

bmp2a-c (-)

il

#

bmp2a-t (+)

fEn

fEm

HAUE; FH 1% KOHED: J LK G IR IR Z IR+,
N Ui 78 R LA (1 gPE R4 T100 mL 0.5%
KOH)HE 2R, Rttt i . RIRET 1%
KOH: HM3:1. 1:1811:3), 5o tRAF T D1
JB% 27 BT 1 H Ve
14 SLEPRHEEPCR(RT-qPCR)

FIFHRT-qPCREG M J& i bmp 2a ik R 3128 =, H
RNAisodi#2FE A BIRNA, DNase [ AbFE FIRNA, #
FHAMV S 5l [ e S 3R A5 cDNASE — 85 . i
BioRad CFX96 TouchSZi %% ¢ 52 B PCR R Gt i AT
RT-qPCR, [ WA % A: SYBR Premix Ex Taq(2x)%%
MR 12.5 uL, cDNARER0.5 uL, 5141(10 pmol/L) %%
1 uL, LAddH,O%ME 25 pL. RMNFEF N: 94°C Tl
A :300s; 95°C 30s, 60°C 30s, 72°C 30s, 40
o RT-qPCREGINSE BAd 2 T7 304720, Ll
JE #8188 rRNATE AN S5 K™ Fr A s £ 1.
MM E R AR
1.5 HZAK

B0 AL J5 29 d A1 35 d i fif 4k Tk 28 Y RS A Tt
K O R BRI O i gk AT B S A
IR JERE J94 wmy; 61640 25 45 7y 52 B2 1 U s 2
7K, 3% H,0, % i5 % 5 10min PA 25 (& 4 P8 14 3 54k
VI, PBSZE MR WIE VE; 3% BSA 37°C 4} 4130min,
BB AR, RPiBMP2E 7 Hi/4&(PBS
121008 %, BN = AEMHARAIRAF)ITCHEE
30min, 4°C i #7; PBSZZ A RIEUE; HRP-1L TR
IgG(PBS 1:100%Fs, Bl = RAEDHE ARG R
7])37°C % B 50min, PBSZE ¥4 Wi 1k ; DABIE £
20min, Z&1EK &b [ N, PBSZE R M vE, TR R &
BESY. K. EWH, RPERRE A
1.6 BUES

B BRI P bR iR R s . HIBM
2\ SPSS 13.080 4 34T B[R 22 5 22 43 #r, P<0.053%
N EWESR

p

21 [E#EbmpaEEFHIS

JE i bmp 2a%E [FIcDNAJT 51 (GenBank & 3% *5-:
MN546003) 1 191 1A% TR ZH AR, 08— AN HH 1170%
IR 2H B 1) B A, ] B 389N Z HE IR . Tl
W= FBMP2 A H K/ 43,7 kD, BB A L N
8.87. RGKE W EIRFHEBMP2EA FiFl L
A, RIBMP2ARIBMP2B, 7E LR 7R AT i
W3, JEHHBMP2AJ&E T 1 EBMP2A— 3 (K 1)

RER 2 F 7 5 T R 2RBMP2 {57 R
m H# B A5 50k, TGFBHRT k45 K3 (TGFp pro-
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W4t Perca flavescens BMP2 XP_028460327

& Paralichthys olivaceus BMP2 XP_019947190
K& A Larimichthys crocea BMP2 XP_010731540
Bk Oreochromis niloticus BMP2 XP_019201583
43408 Sparus aurata BMP2 AAS78628

4] W75 bl Takifugu rubripes BMP2 AAO33819
LIt Nothobranchius furzeri BMP2B SBP55293
A8 F ) Cynoglossus semilaevis BMP2 AHA15366

FH i Oryzias latipes BMP2B ABK34491

Kiiiig i Boleophthalmus pectinirostris

BMP2 XP_020789343

E 34t Esox Lucius BMP2 XP_028970220

E VYRR AE Astyanax mexicanus BMP2B ABK 34489
3k fg; Megalobrama amblycephala BMP2B ATY 51995
B LL 1 Danio rerio BMP2B AAI14257

VYR IAE A Astyanax mexicanus

BMP2A XP_007252122

Bt O, f4. Danio rerio BMP2A AJF23293

[F13k 15 Megalobrama amblycephala BMP2A ATY 51994
100! J& fy Hemibarbus labeo BMP2A

BMP2B

66|
100]

BMP2A

H
0.05

K1 ETBMP2E ARSI R GR W
Fig. 1 Phylogenetic tree based on the complete amino acid
sequences of the BMP2 protein

peptide domain)FITGFB&E 43 (TGFB domain). fE
TGFB&S Mk AF7E — N-HEFEALAL 5. BRAE, A
FHEBMP2AE HEN, XBMP2E L AR
TANORSE IR Db 2 R 2
22 EEEIBALEFRIENEE L B M ELRIRSHHIE
AT B E Tt R L TR S B A 1) DO A DG B
B, 6 R AN S AT B AR B s e (B 2)0 &5
REWY, 5 R ML AGE T T 44 R EH
Bt 5 1 B W4k J529d [ K:(17.13+1.26) mm],
FRMLIETRI A, 3= B B AN PR R B O i e (B 2A);
SR EE: W4 J535d [741(20.67+1.43) mm], 6
JULPAT R I — S R ) LRI (] 2B); B BT i
b5 41d [16K(24.03+1.29) mm], 2 &5 AL 1A 532 8

A B

W2 HAK (K 20); BIVH B L5 56d 1A K
(29.53+2.10) mm], J& B AT A WLIA] 5 &R O b 52 4
(H 2D).

2.3 [EffbmpaFFAREFRIE
FIFHRT-qPCRAG I brmp 203 [K 1 J5 fifg p 2 AN 7]
LI RIETE I, 45 R EIR, bmp2alEHRE I 120

,/\EPi’Jﬁﬁ%Ji e RIS R im, Mk, 78

ODF PR IE B R AR, EE A R Rk &R AR O E

128. 1% (K 3).

24 EHEBMP2AEZEBENREHLEHEISH
AU S AL I T S BMP2A TR H /E A

[ 22 i) o A s 0L, & B JE i BMP2 ATE 29d FlI

35dJE i UL A LR 4 35 A il 1), R BMP2 AR

FITE R JBR A A A i T R A e A 38 BLAS 5 ik

(Kl 4).

25 AlERIE IR bmp« EEHIFRIA
T A2 404k R BUBMP2 A K [ 78 LA LR 4k

BRI, it — L€ bmp2a: N 5 WL H B 10 K

FHIG M, LR VLR A PO AS S ER B B, kil 1

%Hﬂv\]éﬂ//\qump2a%.ﬁ/]i%$r o GREIR,

JE 1 bmp 2a 5 R it 26 UL TE] S 760 R 1 L 3R 08 B 7 T

a1, SR EE T LRAR, bmp2aFE R 7ER B 1T AT Rk

R T, SR LR E R S . B TP B

IV, bmp2aBk AR E B A P FFRAR, (H 5B E T b

SB35 T, SR LA 23 N R 2 L B (B 5)

3 g

BMP2J& T8 ¥ B R, 5240 W £ T i
A, BRI S SRR Es . B,
bmp2 LR CAERE D Skt g ant A4
S bl R R . 7E R85, bmp2diE
DRl 2 3% 5 LI B A — e e 210 Rk —
A5 W bmp 2 L PR 5 JULIR) SR B AL O AR S e . ACHF 5T

1B

1 mm B I mm

B2 TR AL RO Y DY AS S B e 5

Fig.2 Development characteristics of intermuscular bones in the four key development stages of barbel steed

A. M B, R ERALIE A A B B
F5E 1B, AL TE] )

B. B BCIT, &0 L DU A LI C. B BRI, 2 AR ALIE) R0 22 AR I D. B BRIV R B LI ) & 4k

A. Stage |, the intermuscular bones haven’t emerged; B. Stage I, a few intermuscular bones of small length have emerged in the tail; C.

Stage III, more intermuscular bones of greater length gradually emerged in the tail; D. Stage IV, all of the intermuscular bones in the tail

have a mature morphology and length; IB. intermuscular bone
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AR E] T E i bmp2aXE cDNAF Y. 2% HFF
FI LS R B EBMP2 B A — A BE AR ST Y
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[ [ —_
2 3

1 4 5 6 7 8 9
4 21 Tissue

A ek
Relative expression
[}
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Kl 3 JEiEbmplatk KA RRIE BT

Fig. 3 The relative expression of bmp2a in different tissues of the
barbel steed

;2. 3O M 488 5. 6. s 7. Beliks 8. LIS 9. i AU
RT- qPCRhfmJ}EfﬁﬂbmpZaﬁlf AR R g RIL, LL18S
RNAYEA N SR, Hidfs ULF I EEhr IR 2 R OR, n=4
1. heart; 2. kidney; 3. spleen; 4. gill; 5. liver; 6. intestine; 7. skin;
8. muscle; 9. brain. The expression levels of bmp2a transcripts
were normalized to 18S rRNA gene. Data are expressed as the
means+SEM (n=4)

S R - a2 ¥
i Myosepta ) 0 -
7 L - 5
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‘Myosepta . N . b
TR " o e
E f SRR T A 7
7~ Vertebral cqumﬁ \ il
\ Ar Hﬁ: 3] ;:
.1. A Intestﬁle 4
I\ 1 ‘; ! ; \..'-
.‘i."-"‘ y 4 ;
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K4 JEHEBMP2ATE A EA[R 2 29 K9 A
Fig. 4 Distribution of BMP2A protein in different tissues

A.29dJEHE LA B. 35d /B AL, C. 29d/E R LA, B PR Y,
D. ik E. B F g, s ERAE S, ElHRRON50 pm
A. muscle of 29-day-old barbel steed; B. muscle of 35-day-old
barbel steed; C. muscle of 29-day-old barbel steed, negative
control; D. skin; E. vertebral column; F. intestine. Yellow is
signal, scale bar=50 pm

TGFB&E IR, 1£1% 45 W38 R A7 AE — D N-FE AL AL
LR —HRHIER I BMP2 & AR B MBI B A HE
W ORSE I DIRE, Rl 5 B R A A T RS 40 B 2y
AR, BeAh, ALIE IS EBMP2A R (A 7E ), 2k
BMP23E ([ #5 B A 7R 7 f e a1

T RT-qPCRAG I & IS i bmp 2a 2 R 1E FT B
Rl E’JQH//\EP%Bﬁﬂéﬁ }Eﬁﬁ'bmpZaﬁ.E i
13 IA 8 =, AL A R AR X 85 i, 7RO E R
Kk EmRAK. X575 R JE T 8RS8 1) 2 6 b ks
T E 155 5028401, 28 0 mp 2 e DR LE LA o ) 260 B
i, FEFRE R IRz, B OCGRREAE  SEAT G, 7600 Ik A0
i o ) 2k B AR AE G Sk R B bmp 23
RTEE . AR Rk B m ), K bmp2 5
BRI . B8 bmp 2a it RFERTIE th ik &
B, AR T RE S I T s A e JH:%,
FIH Sy AR I T IS8 BMP2A SR A/ J&
WL BAHE. BN I o A G O, ,u%ﬁr}?zﬁﬁ
BMP2A % [ 7E 4L J529d 13 5d B i LA LR TR A
I3AT, X U JE S BMP2A A -5 LR  E A7
TER R A O, B T FENLBG R 2 A 41, JEEBMP2A
EEAEEMHE. KRMIGE S A 6. XU B
T 5B B R M, bmp2 R KA A A S P
ANFEHIEA -

BMP2 # I\ k2 i 4 55 5ok 1) P — R B0 35 3
R B T, R AR R A AN A oA
PR, G AL LI S B I BMP2ATE 14
HFMANEEF . AT 3 S8 bmp2akt K
5 LTa1 )4 AR S, FIFRT-qPCRETI 1 J& i
bmp2a2E R TENLIE] R H A6 44 S B i B 3R IE

*
4 *

AEHF IR
Relative expression
(3]

1-’_‘_‘

O 1

I T m v
LB

Ossification stage

Kl 5 JE i bmp2akk KL LE & AL A R B 2R E
Fig. 5 Relative expression patterns of bmp2a during intermuscular
bone development
LL18S rRNAfE A WS FE A, dls; DA S (EhR HE IR 2 R0R, n=4,
'P<0.05
bmp2a transcript levels were normalized to those of 18S rRNA.
The data are expressed as the mean+SEM (n=4, *P<0.05)
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MOLECULAR CHARACTERIZATION OF A BMP2A HOMOLOGUE IN BARBEL
STEED (HEMIBARBUS LABEO) AND ITS INVOLVEMENT IN
INTERMUSCULAR BONE DEVELOPMENT

CHEN Jie', LU Yao-Ping', DAI Qing-Min', ZHANG Le’, XU Chuan-Bao' and LU Jun’

(1. College of Ecology, Lishui University, Lishui 323000, China; 2. College of Medicine and Health, Lishui University, Lishui
323000, China; 3. Bureau of Agriculture and Rural Affairs of Lishui City, Lishui 323000, China)

Abstract: Bone morphogenetic protein (BMP) belongs to the transforming growth factor-beta (TGF-f) superfamily,
and BMP2 is a secreted multifunctional protein with strong ability to induce bone formation. To explore the correlation
between BMP2 and intermuscular bone development, the bmp2a cDNA of barbel steed (Hemibarbus labeo) was cloned
and sequenced. The amino acid sequence alignment showed that the barbel steed BMP2A is highly conserved with other
fishes, and they all have the highly conserved TGFf domain in which an N-glycosylation site exists. In addition, fish
BMP?2 protein, including barbel steed BMP2A, have seven conserved cysteine residues. Phylogenetic tree analysis in-
dicated that barbel steed BMP2A were closely related to that of Wuchang bream (Megalobrama amblycephala)
BMP2A. The expression of barbel steed bmp2a transcripts was detected in all tested tissues, with the highest mRNA
level in the gill, followed by the liver and muscle, and the lowest in the heart. Immunohistochemistry results showed
that BMP2A protein was distributed in the myosepta. In addition, the expression of the bmp2a gene coincides with the
development of intermuscular ossification. In summary, the high correlation between bmp2a gene and intermuscular os-
sification provides basic data for further investigation of the function of bmp2 gene and its regulation role in intermus-
cular bone development.
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