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Abstract 

In this study, genetic differences and phylogenic relationships among six Mugilidae species 

(Mugil cephalus, M. capito, Liza subviridis, L. saliens, L. aurata, Valamugil buchanani) were 

determined using PCR-sequencing. M. cephalus, L. subviridis, and V. buchanani from the  

Persian Gulf and Oman Sea, and L. aurata and L. saliens from the Caspian Sea were col-

lected. Samples of an imported, Egyptian species M. capito were obtained from the Gomi-

shan Research Center in Gorgan. Total DNA from the samples were extracted according to 

phenol-chloroform procedure. The extracted total DNAs were amplified using polymerase 

chain reaction (PCR) and then sequenced. The number of bases in the mitochondrial  16s 

rRNA genome used in this study approximated 600 base pairs. The size of the bands was 

identical in all the studied species and no heteroplasmia was observed. In addition, the num-

bers of variable, preserved, and Pi sites were about 114/624, 488/624, and 110/624, respec-

tively. Analysis of the sequences showed great differences between Mugil species and the 

other studied species. The phylogenetic tree obtained through Neighbor-Joining method re-

vealed that L. saliens and L. aurata were in the same branch while L. subviridis was in a sep-

arate branch. In contrast, Maximum Parsimony tree located L. subviridis and L. aurata in a 

single branch and assigned L. saliens to a distinct branch. This result brings in the question of 

monophyletic origin of the genus Liza. 
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Introduction 

The grey mullet (Mugillidae) are distri-

buted throughout coastal and brackish wa-

ters in the  tropical and subtropical regions 

of the world (Papasotiropoulos et al., 

2007). In Iran, mullet species occur at all 

three basins of northern, southern, and in-

land waters. The existing mullet species in 

the Persian Gulf including Mugil cephalus, 

Liza subviridis, and Valamugil buchanani 

have also migrated the southern rivers of 

Iran (Ghelichi et al., 2003). During the 

years 1930 – 1934, scientists from the 

former Soviet Union introduced different 

mullet species from the Black Sea includ-

ing grey mullet (M. cephalus), leaping 

grey mullet (L. saliens), and golden mullet 

(L. auratus). The introduction of the two 

latter species was successful, which are 

currently of high economic importance 

(Fazli and Ghaninejad, 2003).                  

This family was previously classi-

fied in the order Perciformes (Nelson, 

1994) but was later assigned to a new or-

der, the Mugiliformes. In the most recent 

classification (Nelson, 2006), the Mugili-

dae consists of 17 genera and 72 species, 

the majority of which located in the two 

genera of Mugil and Liza. Despite these 

important classifications (Nelson, 1994; 

Thomson, 1997), the systematic status of 

some genera and species of this family is 

still uncertain (Rossi et al., 1998, Semina 

et al., 2007). Although several studies cla-

rified the taxonomic status of Mugilidae 

(Schultz, 1946; Trewaves and Ingham, 

1972; Thomson, 1981, 1997; Harrison and 

Howes, 1991) they were, however, based 

on traditional analysis of morphological 

traits, and the obtained results were in 

some cases controversial. In fact, most 

members of this family are very similar to 

each other making it a limiting factor for 

addressing the questions concerning phy-

logenic relationships (particularly at in-

traspecies level) of mullets (Stiassny, 

1993; Papasotiropoulos et al., 2007; Liu et 

al., 2010).  

The phylogenic relationships 

among mullet species have recently been 

determined using characteristics other than 

morphological traits and advanced tech-

niques have been developed based on mo-

lecular genetics in order to identify fish 

species and to study DNAs from diverse 

populations by the use of both mitochon-

drial (mtDNA) and nuclear (nDNA) ge-

nomes (Avis, 1991; Papasotiropoulos et 

al., 2007; Semina et al., 2007). The 

mtDNA has turned out to be an efficient 

genetic marker for the study of molecular 

systematics in population genetics and of 

phylogenetic relationships because of ma-

ternal inheritance, no occurrences of re-

combination, and lesser mean rate of ex-

change and replacement in mtDNA nuc-

leotides than those in nDNA (Asensio, 

2007; Ghorashi et al., 2008).  

In the present study, therefore, the 

phylogenic relationships among highly 

economic mullet species from the Caspian 

Sea (Liza aurata and L. saliens), the Per-

sian Gulf and Oman Sea (Mugil cephalus, 

L. subviridis, and Valamugil buchanani) 

and also a newly imported, Egyptian spe-

cies (M. capito) were verified using partial 
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mtDNA sequencing. The objective was to 

make an attempt for the determination of 

taxonomy of the above mullet species.  

 

Materials and methods 

DNA sampling and extraction 

Two to seven samples (e.g. Papasotiropou-

los et al., 2007 ) of each mullet species 

were collected from the Caspian Sea (L. 

aurata and L. saliens), the Persian Gulf 

(Liza subviridis and Valamugil buchana-

ni), the Oman Sea (M. cephalus), and an 

imported species (M. capito) from a local 

research institute (Gomishan, Iran). Fin 

tissues were obtained from the fish and 

preserved in 1500-L tubes containing  ab-

solute ethanol. These samples were then 

transferred to a molecular laboratory lo-

cated at the Caspian Sea Ecology Research 

Center, Sari, Iran, where the fish’s DNA 

was extracted using phenol-chloroform 

method (Fevolden and Pogson, 1997). 

Thereafter, both the quality and quantity of 

the extracted DNA was assessed by aga-

rose gel (1%) electrophoresis according to 

Rezvani (1997). For the multiplication of 

16s rRNA genome, the following primer 

pair was used: 

16SARL(5-

CGCCTGTTTATCAAAAACAT-3) and 

16SBRH (5-

CCGGTCTGAACTCAGATCACGT-3) 

by the use of PCR. To do this (corbett re-

search model), different materials includ-

ing 0.4 μl of dNTP (10 mmol), 0.4 μl of 

the enzyme Tag DNA polymerase (unit 2), 

1.6 μl of MgCl2 (50 mmol), 1.0-5.0 μl of 

the extracted DNA (50- 100 nanogram), 

5.0 μl buffer (10×) PCR, 2.0 μl of each 

primer, and adequate distilled water were 

mixed up to a volume of 50 μl in a 200- μl 

micro-tube. The containing tube was 

placed in a thermal cycler unit for which 

the time and temperature settings were as 

below: 

Stage 1: denaturation at 94 °C for 3 

min. (one cycle); stage 2: denaturation at 

94 °C for 60 sec., annealing at 60 °C for 

60 sec., extension: at 72 °C for 90 sec. (30 

cycles); stage 3: final extension at 72 °C 

for 3 min. (one cycle). 

The PCR product was purified us-

ing a commercial kit (QIA quick PCR pu-

rification kit, Qiagen) according to the 

provided protocol. Afterwards, the purified 

PCR samples were sent to a company in 

France for DNA sequencing.  

Molecular Analysis 

All the obtained sequences were verified 

as being derived from mullet’s DNA using 

the GenBank Blast algorithm. Bioedit 

software version 7.0.9 was used for editing 

the sequences. They were then all aligned 

using Clustal W (Thompson et al., 1994). 

Finally, the sequences were scanned by 

eye for conserved, variable and parsimony 

informative sites. The phylogenetic analy-

sis used were Maximum Parsimony, 

Neighbor-Joining and Maximum-

Evolution in MEGA4 software (Tamura et 

al., 2006) and confidence in the nodes was 

evaluated by 10000 bootstrap pseudorepli-

cates (Felsenstein, 1985). Divergence time 
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was estimated using Tajima's Test (Taji-

ma, 1993) as well as the average net dis-

tance between groups (Tajima and Nei, 

1984) besides molecular clock approxima-

tion for mtDNA of 2% nucleotide se-

quence divergence per million years 

(Brown et al., 1979). For the construction 

of the phylogenetic trees, sequences of  

Xiphias gladius were used as outgroups to 

root the trees. 

Results 

The number of bases in the mitochondrial 

16s rRNA genome used in this study ap-

proximated 600 base pairs. The size of the 

bands was identical in all the studied spe-

cies and no heteroplasmia was observed.  

The numbers of variable sites were 

about 114/624, preserved sites 488/624, 

and Pi sites 110/624. Analysis of this ge-

nome showed the highest genetic diver-

gence between Mugil cephalus and the 

other species with the lowest and greatest 

divergence between V. buchanani and M. 

cephalus; Liza auratus & L. saliens and M. 

cephalus & M. capito, respectively. Ac-

cording to Table 1, the highest and lowest 

genetic distances were detected between V. 

buchanani   and M. cephalus; Liza auratus 

& L. saliens and M. cephalus & M. capito, 

respectively. Table 1 also reveals that M. 

cephalus has the greatest genetic distance 

with the other species in the present study. 

In addition, the phylogenetic tree depicted 

in the current study using Maximum Par-

simony and Neighbor-Joining methods 

represents M. cephalus as having the far-

thest genetic distance with the other mullet 

species and the respective branch is also 

longer than other branches of the tree. The 

other studied mullet species all appear in a 

single branch. V. buchanani forms a sister 

group with the Liza species. The difference 

between the two trees is that in the Neigh-

bor-Joining tree, L. subviridis is located in 

one branch, and L. aurata and L. saliens 

are situated in another branch close to each 

other; the Maximum Parsimony tree, on 

the other hand, places L. saliens in one 

branch, and L. subviridis and L. aurata in a 

different branch next to each other           

(Figs. 1 and 2). 
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Figure 1:. Neighbor-Joining (N-J) tree drawn for six mullet species in this study. The 

numbers show confidence level of the depicted branch. 

MP: 

 

 

 

 

 

 

 

 

 

Figure 2: Maximum Parsimony tree drawn for six mullet species in this 

study. The numbers show confidence level of the depicted branch. 
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Table 1: Total genetic distance between the six studied mullet species 

6 5 4 3 2 1  

 

- 

          

- 
- - - - 1. Mugil cephalus 

 

- 
- - - - 0.015 2. Mugil capito 

 

- 
- - - 0.128 0.130 3. Liza saliens 

 

- 
- - 0.057 0.142 0.149 4.Valamugil buchanani  

 

- 
- 0.074 0.019 0.128 0.130 5. Liza subviridis 

 

- 
0.027 0.067 0.015 0.139 0.142 6. Liza aurata 

Discussion 

The current study examined the phyloge-

netic relationships among six mullet spe-

cies using the mitochondrial 16s rRNA 

genome. The highest genetic divergence 

detected for M. cephalus compared with 

the other studied mullet species. This 

could be a result of faster substitution rate 

observed in this species, which could be 

explained as a combined effect of nucleo-

tide bias and saturation of signal (Martin, 

1995). This observation is in agreement 

with Papasotiropoulos (2001, 2002, 2007), 

who applied PCR-RFLP, and allozyme, 

and sequenced three mtDNA genome 

(COI,12s rRNA,16s rRNA). This finding 

is also in line with other similar studies 

(Caldara et al., 1996; Murgia et al., 2002; 

Rossi et al., 2004; Turan et al., 2005; Fra-

ga et al., 2007; Liu et al., 2010), which 

was confirmed previously through chro-

mosome studies as well (Cataudella et al., 

1974; Rossi et al., 1997; Gornung et al., 

2001). Cataudella et al. (1974) stated that 

the karyotype of M. cephalus was similar 

to that described by Ohno (1974), which 

was known as the ancestor of all teleosts. 

The karyoevolutive pattern proposed by 

the above-mentioned investigators sug-

gests that the karyotypes of species be-

longing to the genera Liza and Chelon 

might have derived through a translocation 

event from an ancestral karyotype similar 

to that found in M. cephalus. Besides, re-

cent findings of Liu et al. (2010) show a 

great genetic divergence between the li-

neage of M. cephalus occurring in the 

northern and southern China Sea. Such a 

genetic divergence may not be detected 

morphologically owing to the development 

of fish organs making them (M. cephalus 

from the north and south coasts of the 

China Sea) all with similar appearances.   

The large genetic divergence be-

tween M. cephalus and other mullet spe-

cies is in contrast with their high morpho-

logical similarity, although such contradic-

tions are often present in literature (Patter-

son et al., 1993). The lack of parallel evo-

lution between morphology and some por-

tions of DNA has already been reported 

for other groups of fish (e.g. Meyer et al., 
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1990) and might be explained by differ-

ences in the selective constraints operating 

on these two characters (Caldara et al., 

1996). There are some ideas (e.g. Caldara 

et al., 1996; Smith et al., 2003; Rossi et al., 

2004; Turan et al., 2005) on the need for a 

re-consideration in the systematic classifi-

cation of mullet species. A Neighbor-

Joining phylogenetic tree presented by Hil-

lis and Bull (1993) located M. cephalus in 

a solely separate branch, a result reported 

by Caldara et al. (1996), Murgia et al. 

(2002), and Papasotiropoulos et al. (2001, 

2002, 2007) as well. Results of Papasoti-

ropoulos et al. (2007) on both N-J and 

Bayesian topologies agree that M. cepha-

lus falls into a completely separate phylo-

genetic branch being a sister group to all 

other Mediterranean species studied. This 

is in agreement with their previous studies 

based on allozyme and PCR-RFLP data. 

Considering the high level of bootstrap in 

both trees obtained from Maximum Parsi-

mony and Neibour-Joining methods, this 

study also placed M. cephalus in a com-

pletely distinct branch supporting the idea 

of re-consideration in the taxonomy of 

mullet species. 

In the Maximum Parsimony tree, L. 

saliens lied in a branch different from the 

other Liza species, whereas the Neighbor-

Joining tree assigned L. subviridis to a 

branch dissimilar with L. aurata and L. 

saliens. Taking the two trees into account, 

these three species from the genus Liza did 

not place in a single branch. This result 

corresponds to Papasotiropoulos et al. 

(2007) but it disagrees with Papasotiropou-

los et al. (2002). The latter study indicated 

that three Liza species all located in a simi-

lar branch. The observed disparity may 

have arisen from differences in the me-

thods used leading to a better result due to 

application of nucleotide sequencing as 

opposed to PCR-RFLP approach (Papaso-

tiropoulos et al., 2007). It is noteworthy 

here that Rossi et al. (2004) conducted 

studies using 16s rRNA genome and 

achieved outcomes similar to the present 

study as well as those of Papasotiropoulos 

et al. (2007) concerning phylogenetic rela-

tionships of mullets. Rossi et al. (2004) 

noted that three Liza species (L. saliens, L. 

aurata, L. ramada)  from the Mediterra-

nean did not lie in one branch. Likewise, 

Harrison and Howes (1991) studied pha-

ryngobranchial organ in mullet species and 

concluded that the Liza species did not lo-

cate in a single branch. The discrepancies 

in reported phylogenetic relationships 

among Liza species may be caused by dif-

ferences in the applied genetic systems 

(mtDNA vs. allozyme), use of various 

mtDNA pieces, and/or sampling the stu-

died mullet species from diverse geograph-

ic regions (Papasotiropoulos et al., 2007). 

However, some dissimilarity is oc-

casionally detected in the resultant phylo-

genetic relationships through molecular 

and morphological examinations. This is 

not extraordinary by any means because in 

the taxonomy science it is difficult to 

prove morphological differences and also 

it is not straightforward to decide on which 

morphological trait is more accurate for 

classification (Liu et al., 2010). As shown 

by Tortonese (1975), the importance of 

eyelid as a detectable trait is vague, and 
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Song (1982) found that the development of 

eyelid in L. haematocheila depended on 

the individual growth of samples of this 

species. Altogether, it seems necessary that 

more studies are performed regarding clas-

sification of mullets; especially classifica-

tion of Liza genus. 
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