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0.5% ) RLLIEBMAZEI T mL 0.4% IR /R B i T
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Tab. 1 Skeletal development related gene primers for qRT-PCR

NCBIE %5
NCBI accession G% J¥ #|Primer sequences (5'—3")
ene

number

NM_131359.1 bmp2a GCCAGCAGAGCCAACACTAT
GCACTTGCGTTGTTTAGCGA

NM 1313422  bmpd CTGCCAGGACCACGTAACAT
CCGACGCTTTCTTCTTCCCT

NM 131356.1 smadl CCCTTCCCTTTACCCCGAAC
GGAGGGGTTTCTGGCATCTG

NM 001122700.1 smad4da CGGTAGTGTGCTCTCAGGAA
GCTGGGGGTGAAGTTACTGT

NM_212858.2  runx2a GTTCCCTTCCGATGCCTTGA
TGCTCGGATCCCAGAAAAAGT
GCGCTCGTCTTTACCAAACA
TGAGGAGCAGAGAAAAGAGGAG
NM_001115114.1 gapdh ACCCGTGCTGCTTTCTTGAC
GACCAGTTTGCCGCCTTCT

NM_212863.2  sp7
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oI FIEE 2% B D TG B A Ak Sk EE 5, IR
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A GE AR AL, WIE . SRR OB A A AR R,
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v ORUEE RS L SR S A v e A
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() 8 2% AR N LA () s 1 A A, B T 4
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TEWUE R B AL ISR (IR T -131 14). (8)50dpf: %F
A TSR T 56 4 R B A0, RS JUL D 3 2 A 4k
SE R, T E LA R B A A T, R AR Y B £ )
A AR B AL R (R T -154 16). (9)56dpf:
EEHREENE TR, DR, B, gD
B HE B A B AL, B AR BB O e ) LA At O
A GE RGBT -17), T R AL BB 1 A A LR %
R(EIRR T -18).
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gE WK, bmp2as bmpd. smadl. smad4daft
B A YN RAS AR ) KT8, KespT B RIAE R A
RIAMA () B RIS TS BRI AR e ¥, HAE
PRTTHA(12hp )i 2 ¢ i1 K AK 7K F 5 Trunx2a2& K7
Y A= Y FNRAS TIA R ) R0k, LA Sesp 72k R (E B
A RS P R ) SRR N SR I B T R E . X
6™ 35k R 72 B AR AU AN AR Y IR i & I R R 7K
SPREAT R B 23 AT R, AE &R (3hp ) A i i 3
(6hpf) 6™ 5= [F 76 93 YL IR] A 2 234 ) S ik & o W
ZE 5, (R (12hpf) . WA ZE ] (24hpf) A1 5710 17
(72hpH)bmp2a ) FIE 7KF-78 P9 AL TA] 31 2 284 8] I B
B ES, WEMAMKbmp4. smadl. smadda-
runx2aFE K AEAR T J(12hpf)  FHZE A (24hpf) AT
HI(72hpf) (R IR KT WY v T RAR R, T sp 72
AT DU 2 1 A SR A Y B i v T B AR R (1 1)
23 MELAEMEFTBRABHEXERNRE
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B BB T BB PR LA S A
] 6 A 2 K] ) 32 06 72 A0 I A AE 22 e, Hor,
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B, i bmpd | 5 2 A8 [z ; smadl Flsmad4a | 53 5 1E
30411 5dpfRik R I N B AR T RA M, Bh4t,
runx2aft15dpfit, B A B ANMATE 15F160dp i 1%
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COMPARATIVE ANALYSIS OF SKELETAL DEVELOPMENT BETWEEN
WILDTYPE ZEBRAFISH AND INTERMUSCULAR
BONE-DEFICIENT MUTANTS

YANG Jian"’, TONG Guang-Xiang', ZHENG Xian-Hu', SUN Zhi-Peng', LU Wei-Hua',
SUN Xiao-Wen' and KUANG You-Yi'

(1. Heilongjiang River Fisheries Research Institute, Chinese Academy of Fishery Science, Harbin 150070, China; 2. National
Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai 201306, China)

Abstract: This study verified the impact of Imb (intermuscular bone) deficiency on skeletal development in two ways:
analyses of skeletal staining and the expression of skeletal development-related genes between wildtype and Imb
mutant zebrafish. First, this study revealed the skeletal development of two Imb phenotypes from 8 dpfto 56 dpf. The
results indicated that the development of most of the skeleton was synchronous except for the intermuscular bones. Fur-
thermore, we detected the expression of 6 skeletal development-related genes (bmp2a, bmp4, smadl, smad4a, runx2a
and sp7) in 5 embryonic stages (blastula, 3 hpf; gastrula, 6 hpf; segmentation, 12 hpf; pharyngula, 24 hpf; and the
hatching period, 72 hpf) and 5 postembryonic stages (15 dpf, 30 dpf, 45 dpf, 60 dpf and 75 dpf). The results for the dif-
ferent embryonic stages showed that the expression of 4 genes (bmp2a, bmp4, smadl and smad4a) in both wildtype and
mutant individuals and the expression of sp7 in mutant individuals was increased in the blastula, gastrula and segmenta-
tion stages, then declined in the pharyngula and hatching period. However, the expression of runx2a in both wildtype
and mutant individuals and the expression of sp7 in wildtype zebrafish continued to rise during embryonic develop-
ment. In addition, there was no difference in the expression of the 6 genes between wildtype and mutant zebrafish in the
blastula and gastrula stages, whereas a significant difference in the expression of the genes existed in the other 3 stages.
The expression of bmp4, smadl, smad4a and runx2a in wildtype zebrafish was higher than that in mutant zebrafish, and
the expression of sp7 in wildtype zebrafish was lower than that in mutant individuals, whereas there was no difference
in bmp2a expression between wildtype and mutant individuals. Moreover, the results during postembryonic develop-
ment indicated that the expression of the 6 genes declined significantly in 5 periods and that there was no difference
between wildtype and mutant individuals. In summary, considering the results of the skeletal staining and gene expres-
sion analyses together, we speculate that the deletion of intermuscular bones does not impact the skeletal development
of zebrafish.

Key words: Intermuscular bones; Zebrafish; Wildtype; Imb mutant; Skeletal development; Skeletal staining
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Plate I Development of the wildtype and mutant zebrafish skeleton

1. 8dpfHF A= B (144:6.12 mm); 2. 8dpfZRAE T (1£14:5.96 mm); 3. 14dpfF A4 B (1A 4:7.32 mm); 4. 14dpfHAET(£K:7.92 mm); 5. 20dpfEf
A Y (1RK:9.87 mm); 6. 20dpfRAB A (£:10.16 mm); 7. 26dpfHF £ B (&1 11.27 mm); 8. 26dpfRABA (A 11.66 mm); 9. 32dpfiHf2E A
(#RK:12.38 mm); 10. 32dpfHRB A (A K 12.67 mm); 11. 38dpfiHf A= B (14 15.42 mm); 12. 38dpfRABF A (144:15.07 mm); 13. 44dpfiHf A= 1
(#RK:17.02 mm); 14. 44dpfFB A (1K 16.84 mm); 15. S0dpfif A= B (#4£:17.98 mm); 16. 50dpfRABE A (144 18.41 mm); 17. 56dpfiEf A=
(#54:19.04 mm); 18. 56dpfRAFR (£ 4:19.85 mm); Af: EHE; Br: #82%F; Ct: ME4K; Df: 154E; Fp: SZHEF; Fr: 6825 ; Fro: H'H; Ga: i
5 Hs: ki, Hy: NWHE; Imb: ULIEH; La: JHE; Na: # 5 ; Ns: #68E; Or: HEF; Op: #8351 ; Ot: HAq; Pa: FlTIE; Pef: fE; Pf: iTHE;
Pr: fif_LAE; Pra: ATEESEE; R: WE; Qu: 77 #; Se: LA, So: LHER; Su: FHEEEH; Ve B
1. 8dpf wildtype zebrafish (total length: 6.12 mm); 2. 8dpf mutant zebrafish (total length: 5.96 mm); 3. 14dpf wildtype zebrafish (total
length: 7.32 mm); 4. 14dpf mutant zebrafish (total length: 7.92 mm); 5. 20dpf wildtype zebrafish (total length: 9.87 mm); 6. 20dpf mutant
zebrafish (total length: 10.16 mm); 7. 26dpf wildtype zebrafish (total length: 11.27 mm); 8. 26dpf mutant zebrafish (total length: 11.66 mm);
9. 32dpf wildtype zebrafish (total length: 12.38 mm); 10. 32dpf mutant zebrafish (total length: 12.67 mm); 11. 38dpf wildtype zebrafish
(total length: 15.42 mm); 12. 38dpf mutant zebrafish (total length: 15.07 mm); 13. 44dpf wild zebrafish (total length: 17.02 mm); 14. 44dpf
mutant zebrafish (total length: 16.84 mm); 15. 50dpf wild zebrafish (total length: 17.98 mm); 16. 50dpf mutant zebrafish (total length: 18.41 mm);
17. 56dpf wild zebrafish (total length: 19.04 mm); 18. 56dpf mutant zebrafish (total length:19.85 mm). Af: anal fin; Br: branchiostegal ray;
Ct: centrum; Df: dorsal fin; Fp: fin plate; Fr: fin ray; Fro: frontal bone; Ga: gill arch; Hs: haemal spine; Hy: hypopharyngeal bone;
Imb:intermuscular bone; La: lacrimal bone; Na:neural arch; Ns: neural spine; Or: orbital bone; Op: Operculum; Ot: otolith; Pa: parietal bone;
Pef: pectoral fin; pelvic fin; Pr: premaxillary bone; Pra: preopercular bone; R: rib; Qu: quadrate bone; Sc: supraoccipital bone; So: supra
orbital; Su: suboperculum bone; Ve: vertebral column



