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% 5% EF Runx2 FA Osterix 7& 38 & 45

(Cynoglossus semilaevis) R H1 %

Bk

IR R IE S

L F EZET BXR MHF
CROL M L T 5 TS0 LRl VU 15 4 A ST
oK RRE BB SR BT # s 266071)

HE #XEF Runx2 #1 Osterix EHFHEHWERATWAZIR Y EAEZEZERN, RTE U
Runx2 fn Osterix #EAENFARINL, FA LR KELEE PCR KA T AN ZEFEFIEEH
(Cynoglossus semilaevis) & # 4 Rk ki R AR KB M B REKFENARXERL T, Runx2
0 Osterix TEXHE/KR AL B3 NARFEAR; ZWoA, HEBAL PRI ERT, EH%. WE
ARAFRZ, £F. . BEHALFTRAMBINRE, EFXREBFRRFNEONY . F&. e
Yp#), Runx2 1 Osterix it F MR AFAEW T : 1) AR, Runx2 £ EM 5 B Rk K FaeE,
HERERE R, T Osterix ki K FEZRMATMNEEFERBEMAZ R AE, RABMLE G EAIEHR
Wy ARG A — W B R M 2) Runx2 1 Osterix 7 1-5 BT & MBS kA K FHEA LA T E K
KBy &%, T 10-90 BV, e MBARENAF TN EINE, KA EAE—ERENERSILMN; 3)
MAMUSMERE T, NMEENEAEAEBRLEA-90 E¥)VEETZ MM ALK, FARLERELN, Runx2
Fa Osterix ZHETH LRSI B EFRENLATMEEKLZFTRAE, BASERAE. RANHEAREH

it —F o R
e 30

hESES S932  TEHRIRAS A

PEFEHE H(Zine finger protein). Runt Z5#J%HE H
(Runt-domain protein), HLH % (HLH protein). 4%
MR 5% 1 (Leucine zipper protein)%: 2 fpf 5t
- 7E W L Bh W) e A Y 5 RN o3 Ak AR v A s T
EVEVE (Aubin et al, 1996; FMNEFRESE, 2009)., i A [d]
AU A Y 53 A IR AR 32 B & A S R R R PR
S F AR (Yamaguchi et al, 2000), Runt #5555
A+ 2 (Runt-related transcription factor 2, Runx2) X Fi
#4546 F al (Core-binding factor al, CBFAL), &
Runt 454 35 F 5K % 1) %% 5% [ F-(Nakashima et al,

W FEH; Runx2 2 F; Osterix 2 H; mRNA kik; BEHEF MK
XEHS 2095-9869(2015)05-0001-07

2002; Nishimura et al, 2008), EAWFITEH, Runx2
TEMFLBN Y g MR & e s T A Rk
1525 FEAE 1 (Otto et al, 1997), Runx2 K&[H 24 P bk
Iy /N B B 52 2 0 B Bk (Komori et al,
1997) BbAh, Runx2 F PRSI /N BRUH R PN B A FR
H 5 I AN BE & 4 (Enomoto et al, 2004), Osterix /FEH
WL B 15 T8 BT A5 %) S B 2 L S P e SR PR 1
H G =¥y R 545 1 7 (Specific protein 7, Sp7).
FEHEMEINWIN Osterix FEFIAT B, JFHAE
B 240 B 531 i 0 B BOES 4 T 5 A T (Nakashima
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et al,2002), B8N, Osterix KPR EEER G /N o8 4=
B, MECEREIER, WL Osterix VEHRE i H 4
JLE ] B S R, A AR Y A3 A A BE T
7 EL A7 B . Oh 25(2012)38 i X i 9 B Ak i
HATIESE . KB Osterix [FIREZHCE A0 ML 7160 LB
2 sk B b B G BRI R . AN, Osterix XT/NER
BT SRR B A R T ARG B 3] AR S AN TR
& H BBt (Nishio et al, 2006).

Nakashima %5(2002)# i, Osterix &2 /N 1]
FIREH KR Runx?2, TFERLEE Runx2 FeH i)/ R
W1, Osterix W% 557 W) A 6B 8 oo s i 2]
FHE AT HEM , Osterix 7E Runx2 W) R A T B 40
M 434k . Nishio 55(2006)i i #f— A FTUESL , Runx2
3L 5 Osterix Ji 81 F X 3 DNA - B (55 5 25 & ik
M5E XS Osterix WIHTT . LA UL, LR 5%
e A B HESh )i ik 2k KB I B rh
YIMISE, BHET, 2S5 Runx2 Fl Osterix B s &2 4L
LR T WARTE , BN sk a2 K AT
IR, JUHAE AR AR . KSR L
VERA TFR AN

ORI R IR, MRNIEARE . AR
A FRAREAR M RIZN . AT F R A O . A7l
MEf g 4 & F ek, RadSfuERok. 4
T2 . Bt AR A a5 i i U I (BRI, 1991,
Blaxter et al, 1974), 1 H 12545 0 B 5 a1 2K 1 Ffk
RE, HAE MRS A % B I R HE (3 R ER o 48 1 —
MRS R T iR B & B d R TP ANTIE S
5k 07 2R A, AR B S AL B R KA
EAA o MM B ARy AR A S 2 —, H
RAERBEARESMEN K EEAT 77, LA E
WrBerba s R A L R B TGE T IR X liE
VKA MR AT A A A S I BRI, BFoE fa e L
AR BT RIS, JCHEE R A . K E RIS
BILTR, X 48 7 101 8 W B i) S R 1) B P55 3 )3
A B B RS R

A 5T 1k B 1 & 85 (Cynoglossus  semilaevis)ix
— A SR IS IR R A N BFSE 2, 3T Runx2
H Osterix FEPTE o 85 £0 T 19 4 2L 3R 3K o0 A
fit, FfiE— ARV SR N T mRNA (R A H
WrBe(ORI . AF A AN 4 £ ) i Rk KT AR
PR e — 35 ARG, LUE 7R P S R A2
T S R A F B B IR AR, O] S AR e
R E TSR 45 K 7 28 7 BB BEAl

1 #MRE7E®
1.1 sRIa#st

e [R5 6 0 4 20 3 T 4G 0 2 i BB D AR
S BRI K 7= IR E A BN 7, BUR R 3 % fa 12 R (M
Mg 6 ). Horp, MR . (AR5 510(583.0+
61.3) mm. (1479.2+280.8) g; Miff Jy(333.3+14.3) mm.
(170.3£16.9) g fEHIFEo BIBCL NG . W)4E . 6.
O o ST 177 I = S || NS I < P =Bt aa s
13 ALY, STEPEAE SRR A R, 7EAGER
BT E-S0CHBAURKR PR 1ih,
5 4 KM (199 1) 1T Bt 35 5 (2004) X 2 ¥ 7% 55 45 171 S
R F B BRI bRifE, SEEUH TR A E B B
Runx2 K1 Osterix FHe[R 2K F 6~ 1 5 A
(Do LIRFER I FIRE D TR 428 RNA
I FEEL

1.2 & RNA BJ4EEFN cDNA £—# &R

H 21 T T 8 A 1) A 2 SURE RS TR R B B B
e ERA T EE, fIH TRIzol %
(Invitrogen)#EHUE. RNA . 2RIk B Fali fiE, DL
U RNA AR, | H PrimeScript RTase {7 &
(TaKaRa) 5 55 —4 ¢cDNA,

1.3 3|¥igit

MR HE A S0 2 A W TE B AU 2 W S B8 Runx2 AN
Osterix F:H ) ¢cDNA 4 J¥ 5] (GenBank *# %% .
KC422342 . KC422343), ¥t FHFSEm 98t # PCR
K 19 541 (Runx2-RT-F/R . Osx-RT-F/R), 5|47 %
R R 2,

1.4 Runx2#AOsterixMRNARA A H REERH
2B M B FRIEKFRT

N F LR 9t E T PCR B 3E, FIFE RS
514 Runx2-RT-F/R Fll Osx-RT-F/R(F 2), DI} &
55 —4%% cDNA WAEAR , K5 Runx2 Fl Osterix mRNA
FEF T B A AR 1 1 203 A LA KO R R B B B 2R
KAk, ANEE 2 FirR, 4 B E BUAE { K F (Elongation
factor 1-alpha, EF1A) 1 18S #% 4 {& DNA(18S
ribosomal DNA, 18S)%EHAE hok € & PCR NS
FK(Ma et al, 2015), SZE S SYBR® Premix
Ex Tag™ i3 & (TaKaRa)#/EULH], £ ABI 7500 %4
S B PCR X EilffT. FrA B4y 1
RORKM (E>90%, R*>0.990), #5E = PCR =44
WMFPEGE, AR E 3 M ER .
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x1 BRHABEMERFBEHEM
Tab.1 Samples of C. semilaevis during the early developmental stages
YR Eggs ffa i Larvae
Huke R 5 391 40 WAL RTMMEe Eiafrm TEENT O Lyl
Sampling Cleavage Gastrula Embryonic Hatching  Early-stage Late-stage  Juvenile  Fingerling
stage stage stage stage larvae larvae

NI 3,4,5, 20, 30, 40,
A 8] Time 3 hpf 13 hpf 22 hpf 32 hpf 1,2 dph 10 dph 50 dph 90 dph
$Uh Number 20 Ki 20 i 20 ki 20 i 6 6 2 6 6

T hpf AR R T dph Sy WEAL)S H i
Note: hpf: Hours post-fertilization; dph: Days post-hatching

®2 AHRETAMSIMEFT
Tab.2 Oligonucleotide primers used in this study

5|¥ 4 FK Primer name 5|4 7% Primer sequence (5

'-3") 1l Amplification target

Runx2-RT-F GTTCAGTCCGCCGTCCAATAGC Runx2 W56 E & PCR il
Runx2-RT-R TGAAGGCAGGACCGAACAGAGAA Expression of Runx2
Osx-RT-F CCCAGGACCCGTCTCTCTTA Osterix W76 E 1 PCR Failll
Osx-RT-R AGTTGGTGTTGGAGTGGACG Expression of Osterix
EF1A-F GACAAACTGAAGGCHGAGCG mRNA L F XD RN S
EF1A-R CAGCCTGAGAGGTTCCAGTGAT Expression of EFI1A4
18S-F CCTGAGAAACGGCTACCACATCC B R T Hr Bt mRNA 55K NS
18S-R CCAATTACAGGGCCTCGAAAG Expression of 18S
1.5 HiEAE (1.00-1.17); MIRRG & & BIIRAG A (22 hph) 3 5 H #3471

YRS S E B PCR IR C 18,38 ] 2744
HEATE Runx2 I Osterix FeRTE 0 & S0 H LR 06
FHAE R B BERY mRNA KR, ABF5E 0
45 R VIS Y E AR HE R 22 (MeantSD) s, IfF)
JH SPSS 16.0 Ak H1#5 One-Way ANOVA 341 Runx2
F Osterix mRNA Fik7E4 & B BBt a] 22 57 . 3% K
V- R B 2R AR OC 2R B (R) 6 75 PRI ik A 7 L
B BBt mRNA 35 828 Sl FUEE I AH DG 1

EREHH

2.1 Runx2 mRNAWAARIESGREERHA
M B B R E K

| S 298 Y6 1 PCRHE ARG I 4 4+ 58 A, £
Runx2 mRNA [WHLIFRR M. SR ER, Runx2
mRNA HA K Z WAL v, e b &R
e, HORTEES . F5EE . A AR R,
EH . BAFHLS P A RIE(E 1) P g
HAUH Runx2 ) mRNA Rik/KF-A[iEH | AL
128 fi% .

E 2 s, Runx2 mRNA 7EE H R LT
i B AY BR 24 AR I 1 (3—13 hph) B A S A Rk &

2

=
=]

X — KT HBL, Runx2 BRBKF- SRR BT
JR BRI S 12 10-90 Hi K T, Runx2 B3R
KA AE AR RIAIKCF 1T 80(0.38+0.16) 0 TEAMTIE
R BT A BEURE I 8] 6, 2F 3 75 885 Runx2 725U 91 (13 hpf)
RINERE, MAERIGYI(22 hph)AY mRNA FRikKF
A, AR R AR 25 15, 2578

S = N W A LN
——T—T—T— T

HX} 35 & Relative expression

B C D Gi Go H I K L M Sp Sc St
04 Tissue
1 28 E 8 Runx2 mRNA B4H L HR R0

Fig.1 The expression of Runx2 mRNA in various

tissues of C. semilaevis

B: fiKi; C: WK ; D: BE; Gi: #8; Go: MEME; H: O L
Wi, K: B L: i M: WL Sp: 1 Sc: AHE; St H
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
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2 3 4 5 10 20 30 40 50 90

0
3 1322321
hpf hpf hpf hpf dph dph dph dph dph dph dph dph dph dph dph

FHA% & Bt Early developmental stages

K12 Runx2 mRNA 7E= 75 5 50 4 7 B B koK -F
Fig.2 The Runx2 mRNA expression level during the early
developmental stages of C. semilaevis

hpf: SZA% G BH%; dph: H i
hpf: Hours post-fertilization; dph: Days post-hatching

FE M R, Runx2 mRNA TEONHY . {7,
MEf AR X 4 DR B BB ik KF
Tol #E XS

2.2 Osterix MRNARIEARZEN
M B B R L K

MAE 3 s, I8 Osterix mRNA 7E82H 21
 EAA W R IAACE, HIRFESE . PEIR . .
W . AL A SRS, R A 6 4
A RIRBWMT ., B EHEHEMA LT Osterix 1Y
mRNA FEK LN EREF AL 17 15

R E SR E TR B BN, Osterix
mRNA 7EBIZ4HA(3 hpf) . S (13 hph)FR ik & Ak,
MAEMAG (22 hph B E i m, MR R 25K

REAERHPRE

N
W

[\3
(=]

—_
w

—_
(=]

W

AN} FIA R Relative expression

0
B C D Gi Go H I
2141 Tissue

Kl 3 29585 Osterix mRNA 41 413818404
Fig.3 The expression of Osterix mRNA in various tissues of
C. semilaevis

K L M Sp Sc St

B: fiki; C: WJ4KH; D: ¥ Gi: #; Go: PER; H: O Tt
f; Ko & L: i M: LA Sp: M8 Sc: &4 86; St H
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

PR IR B BN | AR 16 455 MR
Jif & B AL (32 hpH) 3] 5 H i F X — L BB,
Osterix PFEKV B RBETH =GRS 1
10 H#$ 22 )5, Osterix mRNA Fih B AEAN & 7 B 1%
AR (36.31£13.62). 1A, 30 Highfid Osterix 1)
Tk m BRI AT E PR RE, Hka0h
10 HRAF R IEIG I SZAE B0 o 25 57 W 38 R o B 46 2R
FW, Osterix mRNA TEURH . (e, Mg
X 4 SRR E BB R IA K T 2 5

= NN W b U N
o O O o o o ©

FiXF A & Relative expression

(=]

2 3 4 5 10 20 30 40 50 90
hpf hpf hpf hpf dph dph dph dph dph dph dph dph dph dph dph

R % F W BE Early developmental stages

3 13 22 32 1

&l 4  Osterix mRNA 16211 & 5 0 & B W B 287K
Fig.4 The Osterix mRNA expression level during the early
developmental stages of C. semilaevis
hpf: SZA%JG I dph: H i
hpf: hours post-fertilization; dph: days post-hatching

2.3 BHIABEME® Runx2 # Osterix mRNA &ik
KEMTZHME

TR B R A F B B AR R, Runx2 Fi1
Osterix P5E A ) F ik K AFFE — 28 1 A8 Bl LA
e, FE I 4 AN B, Runx2 72U 24 (3 hpf)
HEm(13 hphBYRBAKFim, ERIGE22 hpf)
A% T Osterix 52 A0, AN IR & 5w ,
TEONZLN 5 E i W B AR #E 1-5 Hidfrfad, Runx2
H1 Osterix [FIBIKF R RIETHE G FEALH
M7E 10 H&J5a9HE . 2ifard, Runx2 Ml Osterix 1)
mRNA ik &K 2 IEEE WA SR, & —Eu
FIN 2k, I Runx2 F1 Osterix FE R 7 F
KB BB R A AT A CHE T, S5 SRR
FER By IR m LG (1-90  H )77 25 1Y A1 56
P (R=0.78, P=0.001),

3 itig

Runx2 F1 Osterix $IN N IEmEHHNYELE
AR B A PR B 57 [ F~(Nakashima et al,
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2002; Nishimura et al, 2008), ¥4k, EHNIMEHE
XTEELEY) Runx2 WITHE S AEHPLEIF R T K&t
%o BN, @FR Runx2 JERI/NR TS, RBH D
B S B R XE T AE T (Gersbach et al, 2004) ; 11t %
iK Runx2 BEREIEHE 40 ML 0 BB oAk, JF A S0 = g
A= A B AR (Phillips et al, 2007; Zhang et al,
2006). LA, KB A BE ] 78 5T T 240 MO AFE B fkask
T Runx2 MRIB/KF FIRGABET %, 2014), It
I UL, Runx2 WYERIRIKF AT 520 B 40 L Ak FL R &
. /R L BB, Runx2 INFRIBELR
TIRIRATS 9.5 RIYBRL, 12K 13.5difRiA
FERE /B AL (Otto et al, 1997), MG, Runx2 &K
VRIS T A B L E iR b, AR R N L A
BN B E 7 B B B H (Ducy et al, 1997; Inada
etal, 1999),

HAT, AKX Runx2 FEHR LR +0H
B o B #EAL(2011) VR 13 5 19 75 OB AR Runx2
S B o B AT I ARG T S AL R 2 RGE
BRI, @A ORI N 8 hpf TFER ik o LAL, Runx2
FE A B S A () 2R 06 TRk S 2 B, I H&RiK
TR T4 25 734k Ak (van der Meulen et al, 2005),
W LE R L, Runx2 M HES HAEMIS R K
KE, THEBHRMEL ., KELE. Wik, KRR
ok 1M T B Runx2 FE K (1) cDNA J¥ 51 343 #1 H
R BB FRIRKT- . R FR, g H a5
Runx2 7EURZLA | 7 ARG (3—13 hpf) s H AT fe =K
FFRIR, Bl JE R IAACE B RRL, R Runx2 5
HARA Al gefE il H SRR A T R B A &
TAER . BEAM, Runx2 7E2F 585 1-5 HiB AR
BT RE RS, X5 limura 5£(2012)
1E 4 fli(Carassius auratus) P BIWFFARL, B Runx2
FIKETE 1-3 HIZEWF e .

BRI AEREELBREZAAFZERZ N
FIP R R o R, A Runx2 FE VR W 7L a9 09 4=
KETSR, THENE MM LR, 2% T 59
LAY IE 1 VAR (E B 20 ) e 2 A R
i Osterix 5(Liu et al, 2001; Zhang, 2012), B[l Runx2
5 Osterix T8 KB WA BEEH . Flan, LidE
(2009) AR5 1% b s ok PR R 08 1) I P 49 JXE 6 £ 1 i
Bl 3 A EE A (Flores er al, 2006; Marks,
1989): )WLk, Runx2 765 5o 4CH FlE 8%
Jrbs A Ik 2 eRIE, Lh Osterix
WHFRB MPRE; WAL EIR, colla2 Fl osn
iko WAL, Osterix TEWFELIFEPAAET Runx2 BT

i, FIIBEA)3Z 3] Runx2 WIEEH] . TESE S0 R A H
BB, Runx2 133532 8 H Sk DIl ) HAth B A% 6L
Ve, HRBEEWHURE Osterix FNHAh-B 5L F At
R R (L et al, 2009), KL, Osterix 7E S
RH BB FRIB AT BEE T Runx2 JEH

W 2. K4 FiR, Osterix 1818 T B3I % &
R R R BB IR T Runx2, Bl Runx2 B3R
IRIKTE N 2401 (3 hpf) F1EU 91 (13 hpf)f i, B 7E
RG22 hpf) i & BRI ; 1 Osterix 7E ARG 1 (22 hp!)
ZH, HRKKF 2B T, IRk
B KA. UL ATHEN, 58 Runx2 Fl Osterix
TEPE TR IG & B R B b, HIhREAVE A0S th WA AE
— € WY P, Runx2 (D) REA T8 32 Bk 45 TP 2400
Ji s i Osterix TEMIG & B W Be iy Rk G T
Runx2, TAHICHEI 45 3R], e 18 & 8t s
AT fE . Zh B B, Runx2 Fil Osterix 3£ i) mRNA
PRI S T —BOF B B EAHOC, K FRM
A3 SR R - B RH B AR RT RETE AL 5 3 ke T AR e
“HEMES SRR EFENBUE R K F IR,

AN, Runx2 F1 Osterix HPHFE 3 5 85 pl A
[ ZH 2L o A B B AL, 3 B BBz
AT MEAER: v s TR AL Uh (& 1, Bl 3), B9
KEMFEEM, Runx2 1 Osterix mRNA i 7P
KT EAL P, Jeong FE(2008)HiE T Runx2 FLHTE
NEABHALUN KT Rk, RUHZE RN
TIETTRES 5 A R 45 55 A N 4 WA i A o 2
5 Runx2 1 Osterix 3& RIAE RS H bl =5 7K - 355
a7 T A PR A A A Y i 4 b BV E D RE

B EM, Runx2 F1 Osterix HIFRi53Z 3| H:
Ml R Bian, BB kA H (BMPs) K Gk H
() BMP2, BMP4/7 SR RIAF BMP7 )i
Runx2 1721k (Kundu et al, 2002), I4h, BMP 2 W fE
A 75 R B URAPE IR B TR PR LY Osterix 23k T
(Celil et al, 2005; Lee et al, 2003)., Hital W, #HEzh
W E B RAEXRNA T I8 2 Hf N+
TR R, 2 5 4R T 09 25 40 M A - =2 1] 4
FEAE—E B M EAE FH (Soltanoff er al, 2009), Hit, &
% B R B 4 R DA 1 25 B S 454 5 T e 43 A AT
a2 RN A A . K E R E AL SR AR
R, ARFTIEBY) Runx2 1 Osterix F[H ] GETE 1
R R F N BRA —EWIAEEN, JFH A2
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Temporal Expression of Transcription Factors Runx2 and Osterix
During Early Development of Cynoglossus semilaevis

MA Qian, ZHUANG Zhimeng", FENG Wenrong, LIU Shufang

(Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Key Laboratory for Fishery Resources
and Eco-Environment, Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071)

Abstract Transcription factors Runx2 and Osterix play a vital role in the formation and differentiation
of the skeleton in mammals. To date, there have been few reports on the regulatory mechanisms of the
skeleton development in fish. In this study, we cloned the cDNA sequences of Runx2 and Osterix in
Cynoglossus semilaevis, and examined their expression patterns in 13 tissues of both female and male
adults using qRT-PCR. The results showed that Runx2 and Osterix mRNA were highly expressed in
spleen, and moderately expressed in dorsal fin and brain. Next we detected and measured the levels of
Runx2 and Osterix mRNA at early developmental stages including the egg, larva, juvenile and fingerling
stages. The temporal expression patterns are: 1) the mRNA level of Osterix was always significantly
higher than Runx2 during all developmental stages in this study; 2) at stages prior to hatching, the highest
level of Runx2 was observed in the cleavage and gastrula stages and then it dropped to a very low level,
and the Osterix mRNA level increased and reached the peak in the embryonic stage; 3) at early larvae
stages (1-5 days old), the expression of both Runx2 and Osterix first increased followed by a decline; 4)
as for the 10—90 day-old fish, there was no variation in the expression pattern of Runx2 or Osterix mRNA.
These results suggested that Runx2 and Osterix could participate in the regulation of early development in
C. semilaevis. However, further studies are needed to explore their roles in the skeleton development.
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