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4  569Myf5 DNA

1

1.1
400 g

SV Total RNA Isolation kit
Promega RNA PCR Kit AMV  Ver.3.0

pMD19-T ve tors system TaKaRa
Blood & Cell Culture DNA Kit GenomeWalker 

Universal Kit Clonte h
DH5
1.2
1.2.1 RNA
30 mg Promega SV Total RNA Isolation 
System
1.2.2 DNA

1 6 Clonte h
Blood&Cell Culture DNA Kit

1.2.3 Myf5 cDNA
GenBank Morone saxatilis
AF463525 Lateolabrax japonicas
DQ407725 Danio rerio AF270789

Salmo salar DQ452070 Paralichthys 
olivaceus DQ872515 Oncorhynchus mykiss
AY751283 Takifugu rubripes
AY445319 Myf5 DNA

p1
5 -ATGGAY T/C GTCTTCTCV G/A/C M A/

C CATCCC-3 p2 5 -CGCCATCCAGTACATCGA 
GAG-3 p3 5 - 
TCACAGK G/T ACGTGGTAGACGGG-3

TaKaRa RNA PCR Kit AMV  
Ver.3.0

p1 M13 Primer M4
5 -GTTTTCCCAGTCACGAC-3 PCR
94 3 min 1 94 30 s 54 30 s
72 1 min 28 72  7 min

p1 p3
ORF p2 oligo dT 

Adaptor primer 3 RACE PCR

pMD19-T
DH5

Ve tor NTI 7.0 
ORF 3

1.2.4 Myf5
DNA p1 p3 PCR

94  4 min 94  45 s 56  45 s
72  1 min 30 s 30 72  10 min

Ve tor NTI 7.0 

1.2.5 Myf5 5
Myf5 2

GSP1 5 -CAGCCCGTCTGCGGTCCACAAAG
TTG-3 GSP2 5 -TGCTCGTCCTCCTCAGAACCA
TCAAG-3  GenomeWalker Universal Kit 

EcoRV DNA

AP1 5 -GTAATACGACTCACTATAGGGC-3  
GSP1 PCR 2

94  25 s 72  3 min 32 94  
25 s 67  3 min 67  7 min

PCR 50 AP2
5 -ACTATAGGGCACGCGTGGT-3 GSP2

1.2.6
NCBI BLAST

Ve tor NTI 7.0 Signal 3.0 server
MatInspe tor Release professional 7.4.5 

0.8

2

2.1 Myf5  cDNA
RNA 1 a

28S 18S 5.8S rRNA Myf5 ORF PCR
3 RACE

Myf5 DNA
2 Myf5 DNA 1 093 bp

ORF 723 bp 240 3'
370 bp Poly A ATTAAA

 basi  helix-loop-helex bHLH  
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2 Myf5 DNA

3 Poly A ATTAAA

Fig.2 Myf5 DNA sequen e and dedu ed amino a ids of  largemouth bass
Polyadenylation signal ATTAAA  is shown in a gray box and the bHLH domain is underlined.

56~124
56~80

DNA

 15 Myf5 bHLH
1 2

bHLH

3

1  RNA a Myf5 ORF PCR 3

RACE b

M a 1 RNA b 1 ORF PCR

2 3  RACE

Fig.1  Extra tion result of RNA a  and PCR amplified results 

of Myf5 ORF and 3 RACE b

M marker a 1 extra tion result of RNA b 1 PCR produ t of Myf5 

ORF 2 PCR produ t of 3 RACE
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4  571Myf5 DNA

3 Myf5
Micropterus salmoide Morone saxatilis AF463525 Lateolabrax japonicus DQ407725

Paralichthys olivaceus DQ872515 Danio rerio AF270789 Cyprinus carpio AB012883 Salmo salar

DQ452070 Oncorhynchus mykiss AY751283 Takifugu rubripes AY445319 Tetraodon nigroviridis

DQ453127 Homo sapiens X14894 Mus musculus NM_008656 Bos taurus M95684 Gallus gallus X73250

Xenopus laevis X56738 .

Fig.3 Comparison of vertebrate Myf5 bHLH domain

Note The putative amino a id sequen e of largemouth Myf5 bHLH domain is ompared to the amino a id sequen es of stripped bass Morone 

saxatilis AF463525 sea per h Lateolabrax japonicus DQ407725 flounder Paralichthys olivaceus DQ872515 zebrafish Danio rerio

AF270789 arp Cyprinus carpio AB012883 Atlanti  salmon Salmo salar DQ452070 rainbow trout Oncorhynchus mykiss AY751283

Fugu rubripes Takifugu rubripes AY445319 pufferfish Tetraodon nigroviridis DQ453127 human Homo sapiens X14894 mouse Mus 

musculus NM_008656 ow Bos taurus M95684 hi ken Gallus gallus X73250  and Afri an lawed frog Xenopus laevis X56738 . Dark 

and light gray boxes represent identi al and similar amino a id sequen es respe tively.

 
2.2 Myf5

p1 p3
2 000 bp

4 a EcoR 
AP1 GSP1 Genomewalker 

PCR 4 b 1
AP2 GSP2

PCR 1 2 700 bp
4 b 2

Myf5
3 2 1 2 3
453 bp 73 bp 197 bp 1 2 920 bp

328 bp GT-AG

1 123 bp
86% 5 LIN

4  a  genomwalker 5

b
M a 1 b 1 Genomewalker

PCR 2 Genomewalker PCR

Fig.4  PCR amplified result of introns a  and Genomewalker 

amplified results of Myf5 promoter sequen e b
M marker a 1 amplified PCR produ t of introns b 1 Genomewalker 

first PCR produ t of Myf5 promoter 2 Genomewalker nested PCR 

produ t of Myf5 promoter
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5 4 Myf5 1
Micropterus salmoide Morone saxatilis AF463525 Paralichthys olivaceus DQ872515

Danio rerio AF270789 . .

Fig.5 Sequen e omparison of highly onserved region of intron-1 in four fish 
Note The nu leotide sequen e in intron 1 of largemouth bass Micropterus salmoide is ompared to stripped bass Morone saxatilis AF463525

flounder Paralichthys olivaceus DQ872515  and zebrafish Danio rerio AF270789 . Dark and light gray boxes represent identi al and similar 

nu leotide sequen es respe tively.

Myf5
2 690 bp TATA

GC CCAAT NFY
1 Ot -1

E-box 18 2 Myo yte 
spe ifi  enhan er fa tor2 MEF2  3 

 Upstream stimulating fa tor USF
 2 Serum response fa tor

SRF  2 sp1  8
MTBF Mus le-spe ifi  

Mt binding site fa tor 3

Early growth response gene EGR /TIEG  
1 Early growth 

response gene 1 Egr-1/Krox-24
2 Early growth response gene 2

Egr-2/ Krox-20 1 Growth 
fa tor independen e 1 T TCF/
LEF-1 Myf5

6

3

3.1 Myf5

Myf5 14
56%~93% bHLH

90%
82%

1
HLH Myf5 E

E12 E47 HEB ITF

E-box CANNTG
2 4

19 1~54
132~240

bHLH 1

Myf5
18

1 COMP1 Cooperates with myogeni  
proteins 1

Carboxy-terminal zin  finger domain
Trans riptional enhan er fa tors 1 3 4 5

CCAAT Myf5
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4  573Myf5 DNA

6 Myf5
TATA GC CCAAT O t-1 E-box MEF2 USF SRF MTBF sp1

EGR Egr-1 Egr-2 TCF 1 . .

+1 .

Fig.6 Regulatory fa tor binding sites of largemouth bass promoter and the sequen e of exons and introns
TATA-box GC-box CCAAT-box and O t-1 binding sites are shown in box. E-box MEF2 USF SRF MTBF and sp1 bingding sites are underlined. 

EGR Egr-1 Egr-2 TCF Growth fa tor independen e 1 bingding sites in bold and itali  hara ters. The exons are shown in low- ase hara ter and 

the introns are displayed in apitalization. The start odon is designed as +1 .
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1 Myf5 
Tab.1 Homology analysis of largemouth bass Myf5 amino acid sequence to those of other vertebrates

Spe ies
bHLH %

bHLH domain

%
Amino 

terminus

%
Carboxyl 
terminus

%
Complete amino 

a ids
Length of peptide

 Morone saxatilis 97 93 89 92 239
 Lateolabrax japonicus 99 93 89 93 240

Paralichthys olivaceus 97 93 88 92 239
 Cyprinus carpio 93 88 59 76 237

 Danio rerio 93 83 60 75 240
Takifugu rubripes 94 90 86 89 237
Tetraodon nigroviridis 94 92 68 81 246

 Salmo salar 88 86 70 79 239

 Oncorhynchus mykiss 90 86 74 82 239

 Bos taurus 82 40 49 56 255
 Homo sapiens 84 40 49 57 255

 Mus musculus 84 36 52 57 255
 Gallus gallus 85 35 49 56 258

 Xenopus laevis 85 38 51 57 255

3.2 Myf5

Myf5 
 E box 18

MEF2  3 SP1  8 SRF
 2 USF  2

E-box
3 Myf5 

E-box
Myf5 MyoD

Myf5
20 MyoD 
Myf5 E-Box

MEF2
bHLH

21 Myf5 
MEF2 MEF2

Myf5
SP1 1999

22 2003 Guo 23 SP1
MyoD

23 Myf5 
SP1 Myf5

USF SRF
MyoD  24 25

Myf5 

Myf5
DNA

Myf5
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Cloning and analysis of Myf5 cDNA and genomic sequence of largemouth bass 
Micropterus salmoides

GUO Yu-han1 2 BAI Jun-jie1 LAO Hai-hua1 YE Xing1 LUO Jian-ren1

1. Pearl River Fisheries Resear h Institute Chinese A ademy of Fishery S ien es Key Laboratory of Tropi al & Subtropi al Fish 
Breeding & Cultivation CAFS Guangzhou 510380 China  2. College of aqua-life S ien e and Te hnology Shanghai O ean 
University Shanghai 200090 China

Abstract As a member of the myogeni  regulatory fa tors MRFs Myf5 whi h is responsible for the 
spe ifi ation and proliferation of myoblasts plays an essential role in the growth and development of skeletal 
mus le. The human Myf5 was found firstly in 1989 apable of onverting mouse 10T1/2C3H fibroblast into 
myosin expressing myotubes. The Myf5 gene-kno kout mi e delayed development of epaxial mus ulature and died 
from severe rib abnormalities suggesting that Myf5 should primarily regulate the epaxial mus ulature formation. In 
fish Myf5 DNA of the arp rainbow traint Atlanti  salmon pufferfish and the genomi  sequen e of zebrafish
striped bass sea per h flounder and Fugu rubripes have been loned and their mole ular me hanism on  mus le 
development and growth have been partially revealed. Unlike mammals most of fish skeletal mus les grow 
dramati ally during the post-larval life and mus le growth determines the growth and size of the fish. Un overing 
the mole ular basis of mus le development and growth is an important step in aqua ulture. To better understand 
the fun tion of Myf5 in largemouth mus le development and growth the DNA and genomi  sequen e are 
hara terized. Using RT-PCR and RACE te hniques a 1093-bp Myf5 DNA from largemouth bass Micropterus 

salmoides  was isolated. Its ORF was 723bp en oding 240 amino a ids with a onserved basi  Helix-Loop-Helix 
bHLH  domain. It has no signal peptide and belonged to nu lei  protein. The amino a id sequen e of largemouth 

bass Myf5 bHLH domain was exa tly identi al to that of other fishes and exhibited 80% or greater identity with 
that of other vertebrates su h as Afri an lawed frog hi kens bovine mi e and humans. It indi ates that 
largemouth bass Myf5 probably a ted as a trans riptional fa tor to regulate mus le-spe ifi  genes like its homologs 
in other spe ies. Using Genomewalker te hnology a 2 690-bp promoter sequen e was isolated. By bioinformati s 
analysis the basi  trans riptional regulatory elements su h as TATA Box GC Box CCAAT Box musle spe ifi  
trans riptional fa tors su h as E-box MEF2 SP1 USF SRF MTBF binding sites and the early growth related 
trans riptional fa tors su h as early growth response gene  EGR Egr-1 early growth response gene Egr-2 
early growth response gene produ t growth fa tor independen e 1 TCF binding sites whi h may be responsible 
for the Myf5 expression in developing somite were found. For many E-boxes in promoter we predi t that the 
other MRFs su h as MyoD may be a negative regulator to the trans ription of Myf5. MEF2 family was reported to 
promote the mus le-spe ifi  gene trans ription together with the MRFs family. The MEF2 binding sites were found 
in largemouth bass Myf5 promoter and we predi t MEF2 as a trans ription fa tor raise the expression of Myf5 
in largemouth bass. SP1 USF and SRF were all revealed to regulate the trans ription of MyoD. So we predi t that 
they may be the potential regulators to Myf5. Meanwhile Myf5 of largemouth bass onsisted of three exons and two 
introns a highly onserved 123-bp region in intron-1 of the different fishes whi h may regulate the temporal and 
tissue-spe ifi  expression of Myf5. Con lusion DNA and genomi  sequen e of largemouth bass Myf5 are isolated 
and hara terized and the regulatory elements and potential trans riptional fa tors are predi ted. It will help us to 
better understand the expression regulation of Myf5 in fish and further study the different signal paths in omplex 
myogenesis net. Journal of Fishery S ien es of China 2008 15 4 568 576
Key words mus le Myf5 gene regulation largemouth bass Micropterus salmoides
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