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Muscle regulatory factor gene: zebrafish (Danio rerio)
myogenin cDNA
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Abstract

Myogenin is one of the basic helix–loop–helix proteins that regulate muscle-specific gene expression. Using reverse
transciption-polymerase chain reaction (RT-PCR), 5%- and 3%-rapid amplification of cDNA ends (RACE), zebrafish
myogenin cDNA was cloned from mRNA of embryos at 10–96 h post-fertilization. The cDNA, at 1384 base pairs (bp),
contained a 771-bp open reading frame with 113- and 500-bp flanking regions at the 5%- and 3%-ends, respectively. The
deduced amino acid sequences of zebrafish myogenin encoded a 256-amino-acid polypeptide. In a comparison with
myogenin of carp, trout, Xenopus, chicken and human, zebrafish myogenin shared 90.9, 77.6, 70.3, 62.9 and 51.5% amino
acid identity, respectively. The basic helix–loop–helix domains in myogenin are all conserved. The molecular phylogenic
tree demonstrated that myogenin of zebrafish is more closely related to that of fish than to the myogenin of other
vertebrates. © 2000 Elsevier Science Inc. All rights reserved.
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1. Introduction

Skeletal muscle development has become a
paradigm for understanding the mechanisms that
control cell specification and differentiation dur-
ing embryogenesis. The formation of skeletal
muscle during myogenesis is controlled by four
basic helix–loop–helix (bHLH) transcription fac-
tors, including MyoD (Davis et al., 1987), myo-
genin (Braun et al., 1989a; Edmondson and
Olson, 1989; Wright et al., 1989), Myf-5 (Braun et
al., 1989b) and MRF4/herculin/Myf-6 (Rhodes
and Konieczny, 1989; Braun et al., 1990; Miner
and Wold, 1990). The formation of specific tran-
scription factor complexes, composed of myo-

genic and ubiquitous (E12 or E47) bHLH
proteins (Lassar et al., 1991), confers DNA-bind-
ing ability and facilitates the transactivation of
genes containing E-boxes (CANNTG), such as
the muscle creatine kinase (Jaynes et al., 1988)
and myosin light chain (Braun and Arnoid, 1991).

In vertebrates, muscle fibers in the trunk and
limbs are formed from myogenic cells that origi-
nate in somites (Chevallier et al., 1977; Christ et
al., 1977). Somites form as epithelial balls, but
soon reorganize into three regions termed der-
matome, myotome, and sclerotome. Like most
other vertebrates, somites of zebrafish (Danio re-
rio) form as epithelial spheres from the presomitic
mesoderm in an anterior to posterior direction.
Starting at 10 h post-fertilization (hpf), one pair
of somites is formed every 20–30 min by forma-
tion of a new somitic furrow (van Eeden et al.,
1996). Embryonic expression in skeletal muscle of
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zebrafish is easily observable, due to the transpar-
ent nature of embryos and their rapid develop-
ment. For these reasons, zebrafish has become an
excellent animal model for studying myogenesis.

Previous reports have characterized myogenin
cDNA in some vertebrates, such as human (Braun
et al., 1989a), mouse (Edmondson and Olson,
1989), pig (Briley et al., 1995), chicken (Malik et
al., 1995), Xenopus (Jennings, 1992), trout (Res-
can et al., 1995) and carp (Kobiyama et al., 1998).
Weinberg et al. (1996) reported that they per-
formed in situ hybridization using a zebrafish
myogenin-truncated probe and demonstrated the
spatial distribution of presumptive zebrafish myo-
genin transcripts (Weinberg et al., 1996). How-
ever, full-length zebrafish myogenin cDNA has
not been described. In this communication, we
report the complete primary molecular structure
of zebrafish myogenin cDNA and make compari-
sons with myogenins known from other vertebrate
species. This information should facilitate both
the understanding of myogenesis in zebrafish and
the evolution of the myogenin protein.

2. Materials and methods

2.1. Experimental fish

Zebrafish of the AB strain were kept under a
14-h light and 10-h dark photoperiod at approxi-
mately 28.5°C. Cleavage numbers and somite for-
mation of embryos were observed with light
microscopy to determine the developmental stages
based on hpf (Haffer et al., 1996).

2.2. RNA isolation

Embryos from 10 to 96 hpf were pooled and
flash-frozen in liquid nitrogen. Embryos were ho-
mogenized with TRIzol reagent (Gibco BRL),
and RNA extracted according to the manufactur-
er’s instructions.

2.3. Re6erse transcription-polymerase chain
reaction (RT-PCR)

First-strand cDNA was synthesized using the
SuperScript Preamplification System (Gibco
BRL). Degenerated oligonucleotide primers were
designed with reference to polynucleotide se-
quences of myogenin genes from other verte-
brates. A forward primer, Myog1F (ATGGAG-
CT(C/G/T)T(A/T)TGA(A/G)AC(A/C)A(A/C/G)
CCCCTA), and a reverse primer, Myog292R
(GATGCT(C/G)TCCAC(A/G)ATAAG(A/C/G)
G(A/T)(A/C/G)AG(A/C/G)GA), were synthe-
sized. Thirty cycles of PCR amplification were
performed using Taq DNA polymerase (Viogene).
Each cycle consisted of denaturation for 40 s at
94°C, 1 min of annealing at 55°C, and 1 min of
extension at 72°C. The last extension step was
extended for 10 min at 72°C. Amplified DNA
fragments were ligated with pGEM T-Easy vector
(Promega) and transformed into Escherichia coli
strain DH5a. DNA sequencing of both the
strands was carried out by using a Bigdye-Termi-
nator Cycle Sequencing Ready reaction kit
(Perkin Elmer Applied Biosystems) with a DNA
sequencer (Model 310; Perkin Elmer Applied
Biosystems).

Fig. 1. The strategy of cloning cDNA encoding a fragment of zebrafish myogenin. Primers used for PCR and RACE amplification are
indicated. The lines, empty boxes and closed box represent the non-coding regions, coding regions and basic helix–loop–helix domain,
respectively.
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Fig. 2. Nucleotide and deduced amino acid sequences of zebrafish (Danio rerio) myogenin cDNA. The nucleotides were numbered
beginning with the first nucleotide at the 5% end. Numbers on the second line of each row indicate the amino acid sequences. The
polyadenylation signal (AATAAA) is underlined; the stop codon is marked with an asterisk (GenBank database accession number,
AF202639).

2.4. Rapid amplification of cDNA ends (RACE)

First-strand cDNA used for 5%-RACE was syn-
thesized as described above, then homotailed at
the 5%-end using terminal transferase TdT
(Boehringer Mannheim) and dGTP. The resulting
cDNA was then used to generate double-strand
cDNA by PCR amplification in the presence of a

forward primer, RAAPC (GGCCACGCGTCG-
ACTAGTACT(C)9), and a reverse primer,
Myog71R (CAAACCGAGGCTGGACGATG-
GAGA). Conditions of PCR amplification were
as described above with the exception of anneal-
ing at 58°C. Basically, the procedure for 3%-RACE
was the same as that for 5%-RACE, except that (1)
first-strand cDNA was synthesized by a reverse
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primer, RAAPT (GGCCACGCGTCGACTAG-
TAC(T)18); (2) a forward primer, Myog1F, and a
reverse primer, RAUAP (GGCCACG-
CGTCGACTAGTAC), were used to generate
double-strand cDNA, and the annealing tempera-
ture was 50°C; and (3) 1/50 volume of first PCR
product was used as a template for nested PCR
amplification in the presence of a forward primer,
Myog162F (CAGCAGGAGCATGAACAGGG-
GAAT), and a reverse primer, RAUAP (GGC-
CACGCGTCGACTAGTAC), and the annealing
temperature was at 56°C. Amplified DNA frag-
ments were subcloned and sequenced as described
above.

2.5. Northern blot analysis

Embryos from 21 to 24 hpf were pooled, and
their total RNAs were extracted and elec-
trophoresed in a 1.4% (w/v) agarose gel contain-
ing 17.5% formaldehyde. After electrophoresis,
the RNAs were transferred onto a Hybond-N+

membrane (Amersham) using capillary transfer

(Sambrook et al., 1989), and then cross-linked by
UV. The DNA fragment corresponding to nucle-
otides 114-833 of zebrafish myogenin cDNA was
labeled with digoxigenin (DIG) using a DIG
RNA labeling kit (Boehringer Mannheim) and
used as a probe. Hybridization was carried out in
a high-SDS buffer at 70°C for 16 h by following
the manufacturer’s recommendations (Boehringer
Mannheim). Washing conditions were 0.5× SSC
at 70°C for 30 min, followed by 0.1× SSC.
CDP-STAR (Tropix) was used as a substrate to
visualize the positive bands after autoradiography
for 20 min.

2.6. Analyses of polypeptide structure and
phylogenic dendrogram

The presumptive amino acid sequence was de-
termined with the Wisconsin Sequence Analysis
Package version 10.0 (GCG), provided by the
National Health Research Institute of the Repub-
lic of China. The Gap program was used for
pairwise comparison. Pileup and Prettybox pro-
grams were used for multiple comparisons. The
molecular evolution genetic analysis (MEGA)
program and neighbor-joining methods were used
for phylogenic tree analysis.

3. Results and discussion

3.1. Nucleotide and deduced amino acid sequences
of zebrafish myogenin cDNA

Primers designed for RT-PCR and RACE and
used to clone full-length zebrafish myogenin
cDNA are illustrated in Fig. 1. A 720-bp fragment
was amplified by the primers, Myog1F and
Myog292R. A 326-bp fragment was amplified by
using the primers, RAAPC and Myog71R, which
corresponded to the 5%-end non-coding region.
For 3%-RACE, we used the primers, Myog67F and
RAAPT, for the first PCR, then used the primers,
Myog162F and RAUAP, for the second PCR,
resulting in a 788-bp fragment. The full-length
cDNA of zebrafish myogenin was 1384 bp con-
taining a 771-bp open reading frame with 113-
and 500-bp flanking region at the 5%- and 3%-ends,
respectively (Fig. 2). The deduced amino acid
sequence of zebrafish myogenin revealed a 256-
amino-acid polypeptide.

Fig. 3. Northern blot analysis of zebrafish myogenin gene
transcripts. Total RNA was extracted from 21 hpf (lane 1) and
24 hpf (lane 2), respectively. (A) Ethidium bromide staining on
a 1.4% (w/v) agarose gel containing 17.5% formaldehyde.
Arrows indicate the positions of 28S and 18S rRNA. (B)
Northern blot analysis using a specific probe for zebrafish
myogenin gene. The arrow indicates zebrafish myogenin gene
transcripts which are located approximately at position 1.4 kb.
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Fig. 4. Comparison of the deduced amino acid sequence of zebrafish myogenin with those of other known vertebrates. Data were
obtained from GenBank nucleotide sequence database with the following accession numbers, carp (AB012881), trout (Z46912), Xenopus
(S34390), chicken (D90157), quail (L15473), pig (X89007), bovine (AF091714), mouse 1 (D90156), rat 2 (AF054894), mouse 2 (X15784),
rat 1 (M24393) and human (X17651) myogenin. Amino acid residues identical to that of zebrafish myogenin are represented by dots.
The underlining indicates the basic helix–loop–helix domain. Dashes represent gaps created to maximize the degree of identity among
all compared sequences.

3.2. Northern blot analysis

In order to confirm the full length of the ze-
brafish myogenin transcript, we performed North-
ern blot analysis. Total RNAs were extracted

from embryos at 21 and 24 hpf and used to
generate a Northern blot which was then hy-
bridized with a DIG-labeled probe corresponding
to nucleotide positions from 114 to 833 of ze-
brafish myogenin cDNA. A positive signal with a
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molecular mass of around 1.4 kb was detected
(Fig. 3), suggesting that the actual full-length of
zebrafish myogenin cDNA was 1.4 kb. These data
are consistent with the results obtained from RT-
PCR and RACE.

3.3. Comparison with known myogenin of other
6ertebrates

Although both the 5%- and 3%-untranslated re-
gions of the zebrafish myogenin cDNA differ
substantially among vertebrates, the deduced
amino acid sequence of zebrafish myogenin
shared 90.9, 77.6, 70.3, 62.9 and 51.5% amino
acid identity with carp (Kobiyama et al., 1998),
trout (Rescan et al., 1995), Xenopus (Jennings,
1992), chicken (Malik et al., 1995) and human
(Braun et al., 1989a) myogenins, respectively.
When the N- and C-terminal amino acid se-
quences of myogenin were compared among carp,
trout, Xenopus and other known vertebrate spe-
cies, we concluded that zebrafish myogenin is
more closely related to that of fish (carp and
trout) than to the myogenin of other known verte-
brate species.

MRF family proteins (MyoD, Myf-5, myogenin
and MRF4) have a conserved bHLH domain
(Lassar et al., 1991). The HLH domain can form
a heterodimer with ubiquitous bHLH proteins
(E12 or E47), and can bind to the E-box by the
basic region. This complex regulates muscle-spe-
cific gene expression (Jaynes et al., 1988). Ze-
brafish myogenin also contained this
characteristic bHLH region (Fig. 4). There was a
significant difference in the basic regions between

zebrafish myogenin (KRKSVTMDRRKAA) and
MyoD (KRKTTNADRRKAA) (Weinberg et al.,
1996): the amino acid residues of SVTM of myo-
genin versus those of TTNA of MyoD. Interest-
ingly, the corresponding amino acid sequences of
carp and Xenopus myogenins also differed from
that of MyoD. It is worthwhile to note that the
basic region of MyoD is identical among four
species (zebrafish, trout, carp and Xenopus). In
contrast, the basic region of myogenin is relatively
more variable.

In order to determine the molecular phylogenic
relationship of zebrafish myogenin with that of
other known vertebrates, the MEGA program
and neighbor-joining methods were used. The
molecular phylogenic tree of myogenin showed
that zebrafish myogenin was more closely related
to that of carp and trout than to the myogenin of
other species (Fig. 5). This evidence agrees with
the results obtained from amino acid
comparisons.
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