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=HI2|(fpinephelus akaars) SRHALE Al 71 L0l ofsh =40 IAX|2 7|H0o{of Chet W&
SfN Hwl DIX| T 2 OIPOAME H3l $ 96 £HIZ| X012 HA 121 £ 280l 7|
g Ig0el, B)e2 Lo FEfREMa sl 4709 =8 {7 XKinsulin like growth factor
1: IGF-1, bone morphogenic protein 4: BMP4, peroxisome proliferator-activated receptors vy:
PPARy, matrix Gla protein: MGP) ‘Y& S ZASIQILCE 2t A0 |, 2+ X 2| ZHepd o
& total RNAE FE3H = real-time PCRE ALY STXF Ua Xt0|E H|wSRCHN=20).
23t 2 96 FH2Z| X[0{0|M IGF-11F BMP4 R& A= 7|” AEQ| ot ZtolM FHe A5t
Hwsto] Rolgt UH XHO|E LIEFHCHp<0.05). BHHO| PPARY2t MGP RTXt= OfH X%
OME o 25D 7|F OE AO|of| Roldt L3 XtO|E 2O|X| ALY IGF-12t BMP4 |
AhE KlOf THAS] FHRE| 71H HEjQt B0 A= Aoz Hlrh

The deformity occurring at the early developmental stage of red spotted grouper
(Epinephelus akaara) causes detrimental effects on the process of juvenile production. In
this study, we have compared the expressions of several key genes (insulin like growth factor
1: IGF-1, bone morphogenic protein 4: BMP4, peroxisome proliferator-activated receptors
y: PPARy, matrix Gla protein: MGP) for morphogenesis between normal and 2 types (cephalic
and jaw) of deformed juvenile fish. Expression of these genes were investigated in the
brain, liver and muscle of each group of fish (n=20) by real-time PCR. Expression of IGF-1
and BMP4 mRNA in the brain and liver showed significant difference between normal and
deformed fish (p<0.05). However, no difference was observed in the expression of PPARy
and MGP mRNA between normal and deformed fish in any tissues. It seems certain that
IGF-1 and BMP4 are associated with the state of deformity in juvenile red spotted grouper.

Keywords: Epinephelus akaara(&Ht2l), IGF-1, BMP4, Jaw deformity(E7|), Cephalic
deformity(H2|7| &)
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Fig. 1. Photographs of juvenile red spotted grouper with different deformity. (a) normal group (NG), (b) jaw deformity group (JDG), (c)

cephalic deformity group (CDG).
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2. Total RNA F& U real-time PCR

= =
& E2HHOf -80°Co| £SIRACt O] ZEEZEH Trizol
(ambion, USA)S O|28}0] MZAL2| protocolli 2 total RNAZ &
31311, Nanodrop-2000 (Thermo, USA)S A23}0] 2k} 3iCt
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Table 1. Primers to study expression of morphogenic protein genes for juvenile red spotted grouper (£pinephelus akaara)

Gene Sequence Product size Accession number

IGF1 F ATGTAGGGAAGGTGCGAATG

123 bp AB902571
IGF1 R CCTTTGTCAGCATCCTCTTTG
BMP4 F CTCCTGGTTACCTTTGGCC

132 bp FJ436409
BMP4 R ATCGCTGAAGTCCACATACAG
PPARy F CTTCACTGTCGCATTCACAAG

130 bp KM052849
PPARy R GTTTCTCCTTCTCTGCCTGG
MGP F GAACGGCCATTACAACTTCATG

134 bp JF430690
MGP R CAAAGTATCTCTGGTAGGCCTG
B-actin F ATCACACCTTCTACAACGAGC

122 bp HQ007251
B-actin R GAAGGTCTCGAACATGATCTGG

IGF-1: insulin like growth factor 1, BMP4: bone morphogenetic protein 4, PPARy: peroxisome proliferator-activated receptors gamma,

MGP: matrix Gla protein, B-actin (reference gene)
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H Z- SHXQ| primerS2 NCBI (National Center for Biotech-
nology information: www.ncbinim.gov) database®lA| XSsts Xt
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Fig. 2. Size distribution (Total length, cm) of juvenile red spotted
grouper with or without deformity (normal group: NG, jaw defor-
mity group: JDG, cephalic deformity group: CDG).
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Fig. 3. Expression of IGF-1 mRNA (A) and BMP4 mRNA (B) in the brain, liver and muscle of juvenile red spotted grouper with or without
deformity (normal group: NG, jaw deformity group: JDG, cephalic deformity group: CDG) by real-time quantitative RT-PCR assay (n=20).
Different letters above the bars indicate significant differences (p<0.05).
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Fig. 4. Expression of PPARy mRNA (A) and MGP mRNA (B) in the brain, liver and muscle of juvenile red spotted grouper with or without
deformity (normal group: NG, jaw deformity group: JDG, cephalic deformity group: CDG) by real-time quantitative RT-PCR assay (n=20).
No significant differences were observed (p>0.05).
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Fig. 5. Regression analysis of relationship between fish size (cm) and IGF-1 (A) or BMP4 (B) gene expression in the liver of juvenile red
spotted grouper without deformity (0<0.05).
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