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The c-myc coding DNA sequences of cyprinids (Teleo-
stei: Cypriniformes): Implications for phylogeny 

KONG XiangHui1,2, WANG XuZhen1, GAN XiaoNi1 & HE ShunPing1† 
1 Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China;  
2 College of Life Science, Henan Normal University, Xinxiang 453007, China 

The family Cyprinidae is one of the largest fish families in the world, which is widely distributed in East 
Asian, with obvious difference in characteristic size among species. The phylogenetic analysis of cy- 
prinid taxa based on the functionally important genes can help to understand the speciation and func- 
tional divergence of the Cyprinidae. The c-myc gene is an important gene regulating individual growth. 
In the present study, the sequence variations of the cyprinid c-myc gene and their phylogenetic sig- 
nificance were analyzed. The 41 complete sequences of the c-myc gene were obtained from cyprinids 
and outgroups through PCR amplification and clone. The coding DNA sequences of the c-myc gene 
were used to infer molecular phylogenetic relationships within the Cyprinidae. Myxocyprinus asiaticus 
(Catostomidae), Misgurnus anguillicaudatus (Cobitidae) and Hemimyzon sinensis (Homalopteridae) 
were assigned to the outgroup taxa. Phylogenetic analyses using maximum parsimony (MP), maximum 
likelihood (ML), and Bayesian retrieved similar topology. Within the Cyprinidae, Leuciscini and Barbini 
formed the monophyletic lineage respectively with high nodal supports. Leuciscini comprises Xeno- 
cyprinae, Cultrinae, East Asian species of Leuciscinae and Danioninae, Gobioninae and Acheilog- 
nathinae, and Barbini contains Schizothoracinae, Barbinae, Cyprininae and Labeoninae. Danio rerio, D. 
myersi and Rasbora trilineata were supposed to separate from Leuciscinae and Barbini and to form 
another lineage. The positions of some Danioninae species were still unresolved. Analyses of both 
amino acid variation with parsimony information and two high variation regions indicated that there is 
no correlation between variations of single amino acid or high variation regions and characteristic size 
of cyprinids. In addition, the species with smaller size were usually found to be basal within clades in 
the tree, which might be the results of the adaptation to the primitive ecology and survival pressure. 

Cyprinidae, c-myc gene, phylogeny, sequence variation 

The family cyprinidae is one of the largest fish families 
in the world, which contains approximately 210 genera 
and 2010 species[1] and is widely distributed in Eurasia, 
East Indian Island, Africa and North America[2]. The 
Cyprinidae obtained its greatest species diversity in East 
Asia. For example, of the more than 600 species within 
122 genera distributed in China, there are 384 endemic 
species[1]. The classification of the Cyprinidae based on 
the morphology has been subject to revisions since it 
was first established by Cuvier. Chen et al.[3] grouped 
the Cyprinidae into the two lineages (Leuciscini and 
Barbini) with 10 subfamilies, and merged Gobiobotinae 

and Schizothoracinae into Gobioninae and Barbinae, 
respectively. On the basis of barbels distribution, mor- 
photype and innervations, Howes[4] recognized the fol- 
lowing subfamilies within the Cyprinidae: Cyprininae, 
Gobioninae, Rasborinae (without or sporadically with 
barbels), Leuciscinae, Acheilognathinae, Cultrinae and 
Alburninae. The rearrangements for Danioninae, Leu- 
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ciscinae and Xenocyprinae by Chen et al. were different 
from that by Howes. According to the work of Chen et 
al., evolutionary relationships presented by Cavender 
and Coburn[5] were similar to that proposed by Chen et 
al.[3]. According to the latest taxonomic revision pro- 
posed by Chen[1], the family Cyprinidae was divided 
into 12 subfamilies: Danioninae, Leuciscinae, Cultrinae, 
Xenocyprinae, Hypophthalmichthyinae, Cobioninae, 
Gobiobotinae, Acheilognathinae, Barbinae, Labeoninae, 
Schizothoracinae, and Cyprininae. Furthermore, the 
placement and significance of East Asian group were 
emphasized on the phylogeny of the Cyprinidae. 

With the development of molecular biology methods, 
more and more molecular data were used to reconstruct 
phylogenetic relationships within the family Cyprinidae. 
Complete mitochondrial cytochrome b, partial 16S 
rRNA mitochondrial DNA, control region were used to 
reconstruct phylogeny among European cyprinids[6―9]. 
The mitochondrial 12S rRNA and 16S rRNA genes 
were anylazed for North American cyprinids[10―12]. Mi-
tochondrial cytochrome b and ND4 sequence were used 
to infer the phylogenetic relationships in the subfamily 
Xenocyprinae[13]. Phylogenetic relationships of the Cy-
prinidae in East Asia were inferred from the mitochon-
drial cytochrome b by He et al.[14,15]. Phylogeny of the 
lower-level cyprinids in East Asia was reconstructed by 
Wang et al.[16,17] based on cytochrome b and 1st intron 
of the S7 ribosome protein gene. Up to date, though 
there still exist some controversies, phylogenetic rela-
tionships of the Cyprinidae were more and more clear. 
However, these previous investigations were focused on 
gene sequences with highly evolutionary rate, such as 
mitochondrial gene and intron sequence. Although few 
studies were conducted using the nuclear genes with 
important biological function, the phylogeny inferred 
from the functionally important nuclear gene could be 
helpful to understanding the evolutionary relationships, 
speciation, gene variation and functional divergence 
within the family Cyprinidae. 

The cellular myelocytomatosis oncogene (c-myc) is 
an important member of the myc family, which is a 
transcript activity factor having crucial function in regu- 
lating development and growth of animal individual and 
is ubiquitously expressed in embryo or proliferation cell 
in adult tissues. The structure and nucleotide composi- 
tion of the c-myc gene are conserved, and it generally 
comprises 3 exons and 2 introns. The c-myc gene is 

ubiquitous in mammal, avian, amphibian and fish, and 
the origin of the c-myc gene has been estimated to have 
occurred at least 600 Mya ago[18]. The c-myc gene was a 
single copy with an open reading frame existing in ex- 
ons 2 and 3[19]. While mutations of the c-myc gene oc- 
curred, the adult size of Drosophila or mouse was re- 
duced obviously, which was mainly controlled by cell 
size[20] or cell number[21]. Although nucleotide sequences 
of the c-myc gene are divergent between Drosophila and 
mouse, protein sequences are conserved and have simi- 
lar biological functions. Furthermore, the c-myc gene in 
Drosophila can partially complement the deficiency in 
mouse[22]. The c-myc gene mutations resulted in the re- 
duced individual size, and tumor[23] had already been 
proved to occur in animals. Recently, the c-myc gene 
was used to infer phylogeny in mammals[24], avians[25], 
crocodiles[26], and frogs[27], and served as a useful mo- 
lecular marker to investigate the higher-level phylogen- 
ies such as order and family. However, as far as we 
know, phylogenetic studies of fishes based on the c-myc 
gene have not been available. 

The Cyprinidae, with remarkable species size and 
food intake, occupying different ecological niches, is an 
ideal group for the study of gene evolution and phylog- 
eny. In this work, the complete c-myc gene sequences 
were achieved from the 41 representative species from 
the Cyprinidae ingroup and outgroup using PCR ampli- 
fication and clone, and then, the c-myc coding DNA was 
extracted to analyze the cyprinid phylogeny. In addition, 
each amino acid site with parsimony information in the 
translated protein sequence was analyzed to retrieve the 
correlation between variation of amino acid and charac- 
teristic size of cyprinids. The aims of investigation were 
(1) to reconstruct phylogenetic relationships in the fam- 
ily cyprinidae, (2) to resolve the systematic positions of 
the previous controversial species and (3) to explore the 
correlation between variations of the c-myc gene and the 
characteristic size of cyprinid species.  

1  Materials and methods 

1.1  Sample collection 

In this study, novel c-myc DNA sequences were 
achieved from 41 representative species (Table 1) in the 
Fish Museum of the Institute of Hydrobiology, the Chi- 
nese Academy of Sciences. 38 cyprinid representative 
species were selected from various subfamilies. The 
following 3 species from 3 families belonging to the 
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same order Cypriniformes: Myxocyprinus asiaticus 
(Catostomidae), Misgurnus anguillicaudatus (Cobitidae) 
and Hemimyzon sinensis (Homalopteridae) were as-
signed to the outgroup taxa. The collected locations, 
deposited voucher and GenBank accession numbers of 
all species are listed in Table 1. Muscle or fin tissue 
preserved in 95% ethanol was used to extract the ge-
nome DNA. 

1.2  Primer design 

According to the conserved regions from the c-myc gene 
sequences deposited in GenBank, such as Danio rerio 

(NM_131412), Cyprinus Carpio (D37888) and Caras-
sius auratu (D31729), primers were designed and opti-
mized. At last, the following primers were used to am-
plify the c-myc DNA sequences: PF6: 5′-ATYAgTC- 
TgTCCAgCAYCT-3′; PR7: 5′-SRAACTCgCTgACCA- 
TCTC-3′; PF8: 5′-KSGTTGWTTAYATTTTCCATCA- 
C-3′; PR8: 5′-GRAACTCGSTSACYATCTC-3′; PF11: 
5′-AATGCYGGTGAGTKCGAGTT-3′; PR11: 5′-GCT- 
GMAGCYTGTGTTTTAACTGT-3′; PF12: 5′-TGGAG- 
ATRGTSAGCGAGTT-3′. Distribution of the various 
primers in the c-myc gene is illustrated in Figure 1. 

Table 1  Samples of cyprinid ingroup and outgroup taxa in this study 
Species Sampling location Voucher Accession No. 

Aristichthys nobilis Wuhan, Hubei Prov. IHBCYK0411001 EF194848 
Hypophthalmichthys molitrix  Wuhan, Hubei Prov. IHBCYK0411002 EF194849 
Ctenopharyngodon idellus Wuhan, Hubei Prov. IHBCYK0411003 EF194850 
Mylopharyngodon piceus  Wuhan, Hubei Prov. IHBCYK0411004 EF194851 
Ochetobius elongates Tengxian, Guangxi AR IHBCY0108003 EF194852 
Elopichthys bambusa Taoyuan, Hunan Prov. NRMT2286 EF194853 
Squaliobarbus curriculus Wuhan, Hubei Prov. IHBCY0407001 EF194854 
Culter alburnus Wuhan, Hubei Prov. IHBCY0380494 EF194855 
Megalobrama amblycephala   Wuhan, Hubei Prov. IHBCY0305004 EF194856 
Hemiculter leucisculus Wuhan, Hubei Prov. IHBCY2603026 EF194857 
Pseudobrama simoni Taoyuan, Hunan Prov. IHBCY0405361 EF194858 
Xenocypris argentea Taoyuan, Hunan Prov. IHBCY0405138 EF194859 
Aphyocypris chinensis Wuhan, Hubei Prov. IHBCYK0411005 EF194860 
Opsariichthys bidens  Taoyuan, Hunan Prov. NRMT2358 EF194861 
Saurogobio gracilicaudatus Guizhou, Prov. IHBCY0312012 EF194862 
Saurogobio dabryi  Changyang, Hubei Prov. IHBCY0405136 EF194863 
Coreius heterodon Wuhan, Hubei Prov. IHBCY0312002 EF194864 
Pseudorasbora parva Mengla, Yunnan Prov. IHBCY0312003 EF194865 
Gobiocypris rarus Wuhan, Hubei Prov. IHBCYK0411006 EF194866 
Tanichthys albonubes  Guangdong Prov. IHBCYK0411007 EF194867 
Rhodeus ocellatus Wuhan, Hubei Prov. IHBCYK0411008 EF194868 
Rhodeus lighti  Wuhan, Hubei Prov. IHBCYK0411009 EF194869 
Paracheilognathus imberbis  Wuhan, Hubei Prov. IHBCYK0411010 EF194870 
Danio rerio  Wuhan, Hubei Prov. IHBCYK0411011 EF194871 
Danio myersi  Mengla, Yunnan Prov.  IHBCY0405411 EF194872 
Rasbora trilineata  Wuhan, Hubei Prov. IHBCYK0411012 EF194873 
Schizothorax longibarbus Xizang Prov. IHBCY0510081 EF194874 
Schizothorax oconnori Xizang Prov. IHBCY0510086 EF194875 
Schizothorax lissolabiatus  Xizang Prov. IHBCY0504193 EF194876 
Gymnocypris waddelli Qinghai Prov. IHBCY0510092 EF194877 
Puntius semifasciolatus Mengla, Yunnan Prov. IHBCY0405496 EF194879 
Percocypris pingi pingi  Hejiang, Sichuan Prov. IHBCY0205010 EF194881 
Carassius auratus Wuhan, Hubei Prov. IHBCYK0411013 EF194880 
Cyprinus Carpio  Wuhan, Hubei Prov. IHBCYK0411014 EF194882 
Spinibarbus sinensis  Nanchong, Sichuan AR IHBCY0207036 EF194883 
Ptychidio jordani  Yunnan Prov. IHBCY0308004 EF194884 
Epalzeorhynchus bicornis  Wuhan, Hubei Prov. IHBCY0505291 EF194885 
Garra kempi  Chayu,Xizang Prov. IHBCY0309091 EF194886 
Hemimyzon sinensis Yunnan Prov. IHBCYK0311012 EF194887 
Misgurnus anguillicaudatus Dayaoxian, Yunnan Prov. IHBCYK0411015 EF194888 
Myxocyprinus asiaticus Wuhan, Hubei Prov. IHBCY0305001 EF194889 
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Figure 1  The c-myc gene structure and primers distribution. 

 

1.3  DNA extraction, PCR amplification and se-
quencing 

Total genomic DNA was extracted from muscle or fin 
tissues using phenol/chloroform standard extraction 
procedure[28]. The c-myc gene was amplified from total 
DNA extracts using the polymerase chain reaction 
(PCR). The concentration and purity of DNA were de-
termined by Beckman ultraviolet measurement and 
DNA concentration was diluted to 30―50 ng/μL. 60 μL 
PCR amplification mixtures (Various components from 
TaKaRa) contained 3 μL of DNA template, 6 μL of 10× 
Ex Taq PCR buffer, 4.8 μL dNTPs (each at 2.5 mmol/L, 
pH 8.0), 1.5 μL of each oligonucleotide primer (each at 
15 μmol/L), 0.6 μL Ex Taq polymerase (5 U/μL), 42.6 
μL dd H2O. For oligonucleotide primer PF11 and PR11, 
PF12 and PR11, the PCR amplification profile included 
an initial denaturation step at 94℃ for 4 min, followed 
by 32 cycles of denaturation of 50 s at 94℃, annealing 
for 50 s at 57℃ (PF11 and PR11) or 56℃ (PF12 and 
PR11), 90 s extension at 72℃, and a final 6 min exten-
sion at 72℃. For primers PF6 and PR7, PF8 and PR8, 
reactions were carried out at an initial denaturation at 
94℃ for 4 min, 32 cycles of denaturation at 94℃ for 30 
s, annealing at 55℃ (PF6 and PR7) or 50℃ (PF8 and 
PR8) for 30 s and extension at 72℃ for 60 s, and a final 
extension at 72℃ for 5 min. 

The amplified objective fragments were separated 
accurately by 1.2% agarose gel electrophoresis, purified 
using an OMEGA kit (From OMEGA bio-tek) and con-
nected into a T-tailed pMD18-T vector (From TaKaRa). 
Enough positive clones were achieved with host DH5α 
bacteria, and the positive clones were determined by a 
PCR procedure. The triplicate positive clones carrying 
the intention fragments were sequenced in ABI3730. 

1.4  The c-myc gene characteristics 

The c-myc gene sequences have been deposited in Gen-

Bank (Table 1). Multiple alignments of sequences were 
performed using CLUSTAL X(1.83)[29] with a gap- 
opening penalty of 15.0 and a gap-extension penalty of 
3.0. The aligned sequences with a manual correction 
were used to analyze gene characteristics. The c-myc 
coding DNA sequences base composition and substitu-
tion were calculated by MEGA3.1[30]. Mutation satura-
tion analyses for nucleotide substitutions were estimated 
by DAMBE (V4.1.33)[31] from the slope of a linear re-
gression of transversions and transitions against F84 
distance.  

1.5  Phylogenetic analysis 

Phylogenetic relationships within the family Cyprinidae 
were reconstructed using maximum parsimony (MP), 
maximum likelihood (ML) and Bayesian method. The 
optimal bases substitution model and the optimized pa-
rameters for maximum likelihood analysis were esti-
mated by Modeltest 3.7[32] according to Akaike informa-
tion criterion (AIC). The best model is GTR+I+G 
(−lnL=7760.8984; K=10; AIC=15541.7969). MP and 
ML trees were reconstructed by PAUP4.0b10[33]. Bayes-
ian analysis was conducted by MrBayes3.1.2[34,35]. 

Maximum parsimony analyses were performed using 
the heuristic search. Bootstrap scores were calculated 
with 1000 random stepwise addition sequence replicates 
and tree-bisection-reconnection. The parameters for ML 
analyses were: Base=(0.2846 0.2567 0.2678), Rmat= 
(0.3476 3.8968 1.0766 0.3006 3.2010), Rates=gamma, 
Shape=0.7299, and Pinvar=0.4566. 100 bootstraps were 
conducted for ML. The parameters for Bayesian analysis 
were set: nst=6, rates=invgamma, Ngen=1000000, 
Nruns=2, Nchains=4, Burnin=600. 

1.6  c-myc coding DNA variation analysis 

With the reported and determined D. rerio c-myc coding 
DNA sequences, the aligned c-myc gene coding DNA 
sequences were translated into amino acid sequences. 
Each amino acid site with parsimony information was 
analyzed to search for the correlation between local mu-
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tation and species characteristic size. In addition, two 
high variation regions in c-myc coding DNA were ana-
lyzed by calculating gap(−) number changes with Excel 
2003, to explore the correlation between changes and 
species relationships or characteristic size. 

2  Results 

2.1  The c-myc gene characteristics  

The alignment of the c-myc coding DNA sequences of 
41 species were 1246 bp. Of these sites, 798 characters 
were conservative, 448 sites were variable, and 279 
were parsimony informative. The mean base composi-
tions of T, C, A, and G among all taxa were 18.1%, 
26.4%, 28.5% and 27.0%, respectively. The ratio of 
transition to transversion was 2.2. Transition and trans-
version substitutions of the c-myc coding DNA dataset 
increased linearly against F84 distance, indicating that 
bases changes at these sites are not saturated. 

2.2  Phylogenetic relationships 

Unweighted maximum parsimony analysis yielded 111 
equally parsimonious trees (tree length=1177, consis-
tency index (CI)=0.5200, homoplasy index (HI)=0.4800, 
and retention index (RI)=0.6146). The 50% major-
ity-rule consensus tree is shown in Figure 2. In the MP 
tree, the Cyprinidae formed a monophyletic lineage with 
99% bootstrap support. Within the Cyprinidae, Leu-
ciscini is a monophyletic lineage with 70% nodal sup-
port, which comprises Xenocyprinae, Cultrinae, Gobi-
oninae, Acheilognathinae and East Asian species of 
Leuciscinae and Danioninae. Barbini is a monophyletic 
lineage with 95% bootstrap scores, which comprises 
Schizothoracinae, Barbinae, Cyprininae and Labeoninae. 
The cluster of D. rerio and D. myersi is a sister group of 
Leuciscinae; Rasbora trilineata is at the basal place of 
the family Cyprinidae; however, these nodal support are 
the lower scores. 

The ML tree (Figure 3) achieved with heuristic search 
is mostly identical to the MP tree. Leuciscini and 
Barbini were grouped into monophyletic lineage with 
80% and 96% bootstrap supports, respectively. Within 
Leuciscini, the monophyletic lineage (East Asian Clade 
+ Gobioninae + Tanichthys) is a sister group of 
Acheilognathinae. D. rerio, D. myersi and R. trilineata 
were clustered into a monophyletic lineage, which was a 
sister group of the monophyletic Barbini; however, the 
bootstrap score is less than 50%. 

Bayesian tree (Figure 4) was mostly similar to ML 
tree in topology. Within the family Cyprinidae, Leu-
ciscini and Barbini were monophyletic lineages with 
100% posterior probability support. Within Barbini, 
Barbinae, with some species appearing in Schizotho-
racinae and Cyprininae, is not a monophyletic lineage. 
The classification of Barbinae was still unresolved in 
this study. 

2.3  Correlation between variation and species size 

The c-myc gene coding DNA sequences are specially 
conserved. However, there exist two high variation re-
gions (Figure 5). Variation region 1 is the tandem repeat 
of GAG(GAA)GAG. Variation region 2 is the tandem 
repeat of AGC(AAC)AGC. Changes of the gap number 
in each region indicated that there was no correlation 
between these changes and species size of cyprinids. 
After the c-myc coding DNA sequences were translated 
into protein, variations in each amino acid with parsi-
mony information did not show the correlation relation-
ship with species characteristic size. 

3  Discussion 

The c-myc gene, an important regulating gene in tran-
script activity, development, and individual growth, is 
first used to analyze the phylogeny of the Cyprinidae in 
this study. The phylogenetic relationships obtained from 
the c-myc coding DNA sequences are partly consistent 
with the previous phylogenies based on the mitochon-
drial genes[15―17]. Therefore, the c-myc coding DNA is a 
nuclear molecular marker suitable to the phylogenetic 
study of fishes at the level of family and subfamily.  

In the present study, the well-resolved monophyletic 
lineages Leuciscini and Barbini agree with the sugges-
tions based on morphology[3] and the mitochondrial cy-
tochrome b[15]. Leuciscini comprises East Asian clade, 
Gobioninae and Acheilognathinae. Barbini comprises 
Schizothoracinae, Barbinae, Cyprininae and Labeoninae. 
D. rerio, D. myersi and R. trilineata should be treated as 
a group separated from Leuciscine and Barbini. The East 
Asian clade defined by He et al.[15] that contains Xeno-
cyprinae, Cultrinae, East Asia species of Leuciscinae 
and Danioninae, are clustered into a monophyletic line-
age with a high nodal support. Within leuciscini, Gobi-
oninae and Acheilognathinae are two monophyletic 
lineages.  

Even in terms of the morphological characteristics,  
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Figure 2  The 50% major-rule consensus tree of the 111 equally parsimonious trees obtained from most parsimony analysis of the c-myc coding DNA 
sequences. Tree Length=1177, CI=0.5200, RI=0.6146, and RC=0.3196. The numbers on the nodes refer to the bootstrap scores (above 50%). 
 
the subfamily Danioninae was considered to be a com-
plex assemblage[4]. In this study, it was also proved that 
Danioninae should not be a monophyletic lineage. 
Aphyocypris chinensis, Opsariichthys bidens, and T. 
albonubes were clustered into the Leuciscini lineage. A. 
chinensis and O. bidens belong to East Asian clade. T. 
albonubes was the closest to East Asian clade. The clade 

composed of D. rerio and D. myersi was a sister group 
of Leuciscini with lower bootstrap support in MP tree. 
In ML tree, D. rerio, D. myersi and R. trilineata were 
clustered into a lineage, which was a sister group with 
Barbini with lower nodal support. In Bayesian tree, D. 
rerio, D. myersi and R. trilineata were separated from 
Leuciscini and Barbini with higher nodal support. Ac- 
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Figure 3  The tree obtained from maximum likelihood analysis of the c-myc coding DNA sequences. The model GTR+I+G used for ML analysis was 
estimated from Modeltest3.7. The numbers on the nodes refer to the bootstrap scores (above 50%).  

  
cording to the present analyses, the family Cyprinidae 
could be grouped preferably into three lineages: Leu-
ciscini, Barbini and primitive Danionini (D. rerio, D. 
myersi and R. trilineata). The positions of the species 
such as T. albonubes, D. rerio, D. myersi, and R. tri-
lineata were still unresolved in this study; however, our 

analyses shed some light on these questions. The con-
troversial Gobiocypris rarus was closely related with 
Gobioninae with high bootstrap score in this study. 

In Bayesian tree, Hemiculter leucisculus was clus-
tered into Xenocyprinae. This result indicated that H. 
leucisculus is close to Xenocyprinae. The same results 
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Figure 4  Bayesian tree obtained from analysis of the c-myc coding DNA sequences. The numbers on the nodes represent Bayesian posterior probabilities. 
 
appeared in MP and ML topology, but the bootstrap 
scores were below 50%. Within Barbini, Barbinae, Cy-
prininae and Schizothoracinae were clustered into a 
monophyletic lineage with 98% nodal support. Of the 
Barbinae, some species were clustered into Schizotho-
racinae, and some merged into Cyprininae. These results 
indicated that there still existed some unresolved rela-
tionships in Barbinae.  

The c-myc gene plays a crucial role not only in regu-

lating cell growth, development, differentiation and 
apoptosis[18], but also in controlling individual final 
size[21]. In this study, variations of each amino acid with 
parsimony information were not correlated with species 
size. The c-myc coding DNA is a conserved sequence 
with two high variation regions. The first is the tandem 
repeat of GAG(GAA)GAG coding glutamic acid (Glu 
and E);  the second is  the tandem repeat  of 
AGC(AAC)AGC coding Serine (Ser and S) or Aspar- 
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Figure 5  Two highly variable regions in the cyprinid c-myc coding DNA sequences. 
 
agine (Asn and N). These two variation regions are Ca-
sein kinase II phosphorylation sites (CK-II)[36] with im-
portant biological function in regulating c-myc activity. 
Even between the closest species, there exists the elu-
sory difference in high variation regions, so two varia-
tion regions could be deleted in phylogenetic analysis. In 
addition, these variation patterns are different in each 
region among the larger size species or the smaller size 
species, so these changes are incapable of explaining 
species divergence and final size control, which might 
be related to the activity of folded proteins. This hy-
pothesis is to be tested by further study of protein func-
tion by altering variation region sequences. 

In this study, phylogenetic analysis based on the 
c-myc coding DNA sequences showed that the smaller 
size species (such as Danioninae, Acheilognathinae and 
Labeoninae) cannot be clustered into a group. Therefore, 
the phylogenetic analysis of the c-myc coding DNA is 
not able to explain the riddle of species size control in 
the Cyprinidae. For each of molecular phylogenetic  
trees, the smaller size species are usually basal within a 

lineage, so the smaller size species are primitive. This 
supposal might be explained from the angle of species 
evolution and adaptation. When appearing in primitivity, 
due to survival pressure, the primitive fishes generally 
survived by the reproductive strategy of large quantity 
and the small species size. So the primitive lineages 
Danioninae, Acheilognathinae and Labeoninae are gen-
erally small. The diversification of East Asian clade of 
Leuciscinae is closely related with the formation of 
complex ecology system of rivers and lakes with rich 
food sources. The species with rich food and appropriate 
ecological environment are generally large in individual 
size. This deduction could be of certain help to the un-
derstanding of the difference in characteristic size be-
tween different species. However, further evidence is 
needed 
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