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ABSTRACT

In order to explore phylogenetic relationships among six Mediterranean
speciesof the Mugilidae family namely, Mugil cephalus, Chelon labrosus,
Liza aurata, Liza ramada, Liza saliens and Oedalechilus labeo,
polymorphism sequence of mitochondrial (16SrRNA, COI, CytB and 12S
rRNA) and nuclear (5S DNA and Rhodopsin) gene were analysed.
Phylogenetic trees built are in agreement with previous studies but the
overall data set provide the finest picture of phylogenetic relationships
among these species. Mugil appear as the most derivative genus among
studied genera (Liza, Chelon, Oedalechilus) which is in agreement with
morphometric specificity of Mugil. In contrast, our data disagree with a
close relationship of Oedalechilus with Chelon. Last, our results using as
well the mitochondrial asthe nuclear markers corroborate previous studies
that question the validity of Chelon labrosus and confirm that this species
belong to the Liza genus. © 2009 Trade Sciencelnc. - INDIA
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INTRODUCTION

Mugilidae is an important family distributed
worldwide. They areeuryhaine, they inhabit marine,
edtuarine, and freshwater environments. Variousmugilid
species are commercialy important in fishery and
aquaculture of many countriesand arehighly exploited
throughout their distributionf*%2l,

Inthe M editerranean Sea, 6 speciesbelongingto 4
genera have been described: Mugil cephalus
Linneaeus, 1758; Liza aurata Risso, 1810; Liza
saliens Risso, 1810; Liza ramada Risso, 1826;
Chelonlabrosus Risso, 1826; and Oedal echiluslabeo

Cuvier, 1829. Recently 2 other speciescan belocally
observed: the Lessepsian invader, Liza carinata and
Mugil soiuy whichwasintroduced inthe Black Sea.
All native species can be observed in lagoons with
exception of Oedal echiluslabeo which exclusively
inhabits marine environments and whose geographic
digtribution islimited to the M editerranean Sea.

M ugilidae speciesshow remarkablemorphologica
uniformity that inevitably leadsto misidentification and
limit any accurate phylogeneticinference. To point out
the poor phylogenetic utility of meristic and
morphometric charactersusualy usedintheMugilidae
systemétic, genetic studieshave been soon investigated
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Mediterranean mugilids speciesusing various genetic
ma-ka-s: Cytogmal C[8,14,15,23,24,43—45] ' al | Ozyme§1’6’36’46’57]
and genes sequence polymorphismi®25:37:38461. Al these
sudiesunderlined the peculiar taxonomic satusof Mugil
cephaluswhich seemsto bethemost derivative species.
They also Stressed some conflicting resultsconcerning
theinterspecific differentiation between Lizaspeciesand
the phyl ogenetic position of Chelon genus. Somestudies
have questioned the monophyletic origin of the genus
Lizaaswell asthevalidity of the Chelon genug®!. The
systemati ¢ classification of thesetwo generahasbeen
subject of along-running debate. Schultz*¥ did not
recognizethe genus Liza and included within Chelon
all the species|ater reported as Liza by Thomson'>,
who consdered Chelon avaid genuswith two nomind
species: C. labrosus and C. bispinosus whereas all
others species previoudy included in the Chelon genus
whereconsdered asbelonginto Liza.

Most genetic approachesto the determination of
speciesidentity and phyl ogenetic rel ationshipsare based
on amplification of aregion of mitochondrial DNA by
Polymerase Chain Reaction (PCR), followed either by
direct sequenceanaysisof theamplified fragment, or
restriction fragment length polymorphismandysis(e.g.
Carrera et al. 1999). Most DNA analyses for fish
speciesidentification have been based on amplification
of different mitochondrial DNA regions/t342,
Mitochondrial genes are highly conserved among
vertebrates, including fish®, and the inheritance of
MtDNA is usually maternal non-recombinational.
MtDNA isabroadly used genetic tool, and oneof its
advantages is the high copy numbers of the
mitochondria genome compared with nuclear genome
withinacell. Mitochondrial DNA markers have been
successfully used to deci pher evol utionary rel ationships
at multiple taxonomic levels among different
organisms®Y, Indeed, Caldara et al.[® using the
sequence polymorphisms of the cytochrome B
suggested an apparent heterogeneous evol ution rate
among genusof theMugilidaefamily. Accordingtothese
authorsthe mitochondria genome of the Mugil genus
would present an evolution ratefagter thantheevol ution
rateobserved in other Mugilidaefamily.

Apart from mtDNA, nuclear genes such as 5S
ribosomal DNA (5S rDNA) are possibly suitable
candidatesfor genetic discrimination of related species,
because in higher eukaryotes, the 5S rDNA gene
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comprisesa120-bp highly conserved coding sequence
and avariablenon transcribed spacer (NTS). Thisunit
istandemly repeated, usualy arranged head totail, and
is species-specific®#9, Furthermore, data suggest that
5SrDNA sequences are val uable molecular markers
to accesstheevolutionary history among closdly reated
species®,

In this study, mitochondrial and nuclear DNA
sequenceswere used to devel op arobust phylogenetic
hypothesi sfor the M editerranean mugilidae speciesand
more specifically on the existing debateregarding the
phyl ogenetic rel ationshipsamong the Chelonand Liza
species. Furthermore, we would like to compare
mitochondria and nudlear dataand to eval uatethe effect
of different datasetsor different methodol ogiesonthe
same problems. Withtheuse of thesemarkersanaysis,
wea medto shed morelight ontheevol utionary history
of theMugilidaefamily.

MATERIALSAND METHODS

Biological Material

Two specimensfrom each of thefive speciesof the
Mugilidae family (Liza aurata, Liza ramada, Liza
saliens, Chelon labrosus and Mugil cephalus) were
collected from thelagoon of Herglain Tunisia. These
same samples were used in an allozymic studies®.
Generdly, Oedal echiluslabeoisamarine species, for
thisreason they havebeen nat collected from thelagoon.
Evenif thisspecieswas considered asrarein Tunisia,
we successfully collected some specimensin Tunisian,
precisdy at Hammam el Ghzez coasts.

All specimens were identified according
Farrugio’si* keysand FAO criteriasdepicted in the
FA O speciesidentification sheetd?. A small pieceof
finwas collected from each fish and preserved in 95%
ethanol until the DNA extraction.

GeneticAnalysis

Genomic DNA wasextracted using conventional
phenol—chloroform protocols!“® and examined for
quantity and quality through agarosegd dectrophoresis.

Severa gene(cytochromeb (Cytob); 12SRNA;
5S RNA and Rhodpsin) of the six Mediterranean
Mugilidae specieswere amplified and sequenced in
other sudies. Thesequenceswereavailablein GenBank
(TABLE1). Inthiswork, all these datawere used and
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compiled with our sequencesintheaimto anayzethe
phylogenetic re ationshipsamong the Mugilidaefamily
using aswell mitochondrid asnuclear markersandto
andyzetheevolutionary history of theMugilidaefamily.

TABLE 1: Accession number of the sequences of the four
gene (CytB, 12S rRNA, 5S DNA and Rhod) of the six
M editerranean M ugilidae speciesfrom GenBank

CytB  12SrRNA 5SDNA Rhod

Size 1141 bp 570 bp 269 bp 460 bp
Liza aurata EU224056 EF437077 DQ780572 EF439127
Liza ramada EU224058 EF437079 DQ780576 EU224157

Liza saliens rHE EF437081 DQ780573 Y18670
Chelon labrosus  EF427544 EF437075 DQ780574 EF439095

Oedalechilus labeo i 771995 AM706439

Mugil cephalus  EU036449 EF437083 DQ780575 EU036557

Fragments of the mtDNA genes analysed (16S
rRNA and COI) wereamplified by PCR. PCR reactions
werecarried out in 50 uL volumes containing 1 ul DNA
template, 1uM of each primer, 1.2 mM MgCI2
(Promega, Madison, Wis., USA), 74 uM of each dNTP,
and 0.13 ul Taq polymerase. For PCR amplifications
of bothmtDNA segments, two different setsof primers
were used. For the 16S rRNA gene we used the
universal primers 16SARL (5°-
CGCCTGTTTATCAAAAACAT-3’) and 16SBRH
(5°-CCGGTCTGAACTCAGATCACGT-3)
described by Palumbi et al.*. For the COI segment
we used primers described by Ward et al .9, FishF1
(5>-TCAACCAACCACAAAGACATTGGCAC-3’)
and FishR1 (5°-
TAGACTTCTGGGTGGCCAAAGAATCA-3).
PCR amplification conditions were as follows:
preliminary denaturation at 92°C (5 min), strand
denaturation at 92°C (30s), primer annealing at 50°C
(30s) and primer extension at 72°C (45s) repeated for
35cyclesandfina extensionat 72°C (5 min). For the
PCR products an enzymatic purification was used
“Exosap” according to the supplier’s protocol. PCR
productswerevisualized on 1% agarose gelsand the
most intense products were sel ected for sequencing.
Productswerelabelled using the BigDye Sequencing
Kit (Promega) and sequenced bidirectionaly usinga
capillary automated sequencer.

PhylogeneticAnalysis

Thenud eotidesequencesof al speciesweredigned
using Clustd W suite option of MEGA version 4553, Al
molecular andyseswereperformed usng MEGA verson

4158, The sametype of analysiswasappliedto al sets
of sequences. Transition/Transversion Ratio (R) was
calculated using the same program, (R) istheratio of
thenumber of trangitionsto thenumber of transversons
for a pair of sequences. Values of R (Transition/
Transversion Ratio) were estimated for the entire
dataset, for thefive genes separately and for thethree
mitochondrial genes (16SrRNA_COI_12SrRNA)
combined, aswell asfor each codon position (1%, 2,
39). Thenumber of variable nucleotidewas estimated
by the MEGA program, the variable sites contains at
least two types of nucleotides, somevariablesitescan
be singleton or parsimony-informativeand thesitethat
isnot variableisreferred to asaconstant site.

Kimura’s two parameter model® corrects for
multiple hits, taking into account transitional and
transversond subgtitutionrates, whileassumingthet the
four nucleotidefrequenciesarethe sameand that rates
of subgtitution do not vary among sitesUsing Kimura’s
two-parameter method?, apairwise distance matrix
was generated for each DNA segment aswell asfor
the combined data set, representing the degree of
genetic distances among species. We inferred the
phylogenetic rel ationshipsamong theinvestigated taxa
by Neighbor-Joining (NJ) reconstruction, using the
program MEGA version 453, The robustness of NJ
treeswas assessed using bootstrap andysis, with 1000
replications.

For the construction of the phylogenetic trees,
sequences of Salarias fasciatus (16S rRNA);
Atherinops affinis (COI), Abudefduf sordidus (CytB
and 12SrRNA); Oreochromissp.(with the combined
data), Leporinus octofasciatus (5S RNA) and
Scorpaena porcus (Rhodopsin) were used as
outgroupsto root thetrees.

RESULTS

Intotal, four mitochondria (cytochromeb (Cytob),
12SrRNA; 16SrRNA and COI) and two nuclear (5S
RNA and Rhodopsi n) sequences genewere analysed.
Asaresult, acombined data set of 1531 nucleotide
sites of threemt DNA genes (16SrRNA_COI_12S
rRNA) was obtained. The number of variable sites
ranged from 57 (10%) for 12SrRNA, 84 (10.95%)
for 16srRNA, 51 (11.08) for Rhodopsin, 298 (26.11%)
for Cyt B; 167 (28.4%) for COI to 90 (33.45%) for
thenuclear gene 5SRNA. Among the taxaexamined,
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big sizedifferenceswerereveaed inthenuclear gene.
From the combined data set, 314 sites out of 1531
varied among the different species. Asdeduced from
thesequenceanalysis, the vast majority of nucleotide
substitutions occurred between M. cephalus and the
other speciesinall genesstudied.

Using the Kimura’s two-parameter method, a
pairwised sancematrix wasgenerated fromthecombined
mitochondrial dataset (16SrRNA_COI_12SrRNA),
Cyt B (TABLE 2) and thetwo nuclear genes(TABLE
3). Thegenetic distancesamong the speciesof thegenus
Lizaarevery low, Chelonlabrosusseemedto bequite
distant from genusLiza and Oedal echil uslabeo showed
the second highest genetic di tancesafter Mugil cephalus.
Much higher distancesweredisplayed by Mugil cephalus
comparedwithal theother Mugilidaetaxa. Itisobvious
that the differences are larger among noncongeneric
speciesthan among species of thesamegenus. In 16S
rRNA and CytB, the lowest divergence values were
observed between Liza aurata and Chelon labrosus.
But in 12S rRNA and COI the lowest values were
observed between Liza saliens and C. labrosus, this
sameresult wasobserved when thethree mtDNA genes
(16S rRNA_COI_12S rRNA) were combined. In
contrad,, inthenudear markers, thelowest disianceswere

TABLE 2: Kimura 2-parameter®! distancescalculated for
mitochondrial sequencesgenesamongthesix M editerranean
Mugilidae species. Below diagonal: distances calculated for
thecombined mitochondrial data set (16SrRNA_COI_12S
rRNA) segment. Above diagonal: distances calculated for

CytochromeB (Cyt B).
L. L. L. C. O. M
aurata ramada saliens labrosus labeo cephalus

Liza aurata * 0.093 0.090 0.244

Liza ramada 0.049 * 0.100 0.247
Liza saliens 0.044 0.055 * - -

Chelonlabrosus 0.042 0.053 0.043 * 0.249
Oedalechiluslabeo 0.099 0.104 0.105 0.102 * -
Mugil cephalus  0.173 0.165 0.176 0172 0.161 *

TABLE 3: Kimura 2-parameter® distancescalculated for
nuclear genesegment amongthesx M editerranean M ugilidae
species. Below diagonal: distancescalculated for (5SRNA).
Abovediagonal: distancescalculated for Rhodopsin (Rhod).

L. L. L. C. O. M.
aurata ramada saliens labrosus labeo cephalus
Liza aurata * 0.009 0.007 0.007 0.040
Liza ramada 0.016 * 0.002 0.007 0.036
Liza saliens 0.021 0.027 * 0.004 0.033
Chelonlabrosus 0.032 0.027 0.044 * 0.036
Oedalechiluslabeo 0.164 0.158 0.158 0.164 * -
Mugil cephalus  0.191 0.184 0.198 0.198 0.248 *
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observed between L. aurata and C. labrosus.
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Figurel: Phylogenetic Neighbor-joining (NJ) treesobtained
using mitochondrial sequences(16SrRNA, COI, Cyt B, 12S
rRNA and thecombined data set) of thesix M editerranean
M ugilidae species. Number sindicate the per centage of 1000
bootstrap replicatesat each nodein themajority ruleconsen-
sustree
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Figure?2: Phylogenetic Neighbor-joining (NJ) treesobtained
using nuclear sequences(5SDNA and Rhod) of thesix M edi-
terranean M ugilidae species. Number sindicatethe per cent-
ageof 1000 bootstrap replicatesat each nodein themajority
rule consensustree.

Our resultsdemonstrate ahigh degree of smilarity
between mtDNA derived and nuclear based
phylogenetic reconstructions. Indeed, the
phylogenetic trees obtained by the NJmethod using
mitochondrial (Figure 1) and nuclear genes (Figure
2) emphasizes the high divergence of Mugil
cephalus. Oedalechilus|abeo isthe sister species
of the other grey mullets. Thethree Liza speciesand
Chelon labrosus were clustered together. The
phyl ogenetic reconstruction obtai ned considering the
nucleotide sequence of the three mitochondrial
sequences combined suggested Liza ramada asthe
sister group to the Liza- Chelon labrosus lineage,
whereas C. |labrosus and Liza saliensresulted the
closest taxa. The phylogenetic reconstruction
obtained considering the nuclear nucl eotide sequence
showed theregrouping of C. labrosusand L. aurata
together being the closest taxa. Thisclustering brings
into question the monophyletic origin of the genus
Liza.

DISCUSSION

The aim of this paper was to summarise all
phylogeneticinformation availablefor Mediterranean
Mugilidae. Dueto the high morphometry conservation
of speciesbe onging to thisfamily doubt about species
identification lead researchersto question the systemétic
of these family around various localities in the
Mediterranean area: France, Italy!®#, Greece?>6-38,
Turkey™", and Tunisid® harbouring same species. In
thisreview, dl available sequenceswereconsidered to
provide the most accurate picture of phylogenetic
relaionshipsamong Mediterranean Mugilideefamily and
definitely solve phylogenetic re ationshipsamong these
genusand species.

Thefirst observation when considering al results
obtained in different areas, isthe absence of cryptic
speciesdespitesidentification difficultiesof mugilids
species. All phyl ogenetic studies confirm thetaxonomy
and theexistencein the M editerranean seaof 6 natives
species: M. cephalus, O. labeo, L. ramada, L. saliens,
L. aurata and C. labrosus.

The levels of divergence estimated among the
Mediterranean M ugilidae gpeciesusing themitochondrid
and the nuclear arein general agreement with those
reported by Billington & Hebert®™, aswell aswiththose
proposed by Gonzalez & Powers? for marine species.
Moreover, theleve of nucleotide divergence observed
among thethree Liza speciesisin congruencewith that
proposed by Aviseet al.'Z and Moritz et al .*2 among
congeneric species.

Astothephylogeny withinthemugilidaefamily, The
DNA sequence analysisof theentire dataset strongly
supportsthe position of Mugil cephalusasaseparate
lineagewith alarge genetic divergencefrom the other
mugilidae considered inthe present study. The highest
degree of genetic divergence estimated among M.
cephalus and all the other species was observed as
well inthemitochondria asinthenuclear markers this
could betheresult of thefaster subgtitutionrate observed
inthisspecies, andit could beexplained asacombined
effect of nucleotidebiasand saturation of signal'®*in
molecular markers (both mitochondrial and nuclear
genes). Thisisin agreement with al previousstudies
using alozymic and molecular markerg16925:36-384657,
Thishypothesisisal so supported by hemogl obing*”
and chromosomestudiesby Cataudd laet al.[®'; Ross
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et al.*¥ and Gornung et al.”®!, who stated that the
Mugil cephaluskaryotypeisconsidered closest to the
karyotype described by Ohnot*! as ancestral for all
teleosts. But the high genetic differentiation observed
between Mugil cephal us and other Mugilidae species
gopearsto sharply contrast withtheir high morphologicad
smilarity. Thissituation might beexplained by thelack
of paralel evolution between morphol ogy and some
portions of DNAP34 thishas already been reported
for other groups of fish3:395% and might be explained
by differencesin the sel ective constraintsoperating on
thesetwo characterg®. Inthecase of thegrey mullets,
their consi derable morphol ogical homogeneity may
reflect a convergent adaptation of their body
architecture?.

Our phylogeneticrecongructionisa soin agreement
with previous studies®* concerning the systematic
position of Oedalechiluslabeo that isconsidered as
the second most divergent species after M. cephal us.
Indeed, phyl ogenetic reconstructionsfrom 5SrDNA
seguences suggest an ancestral position of O. labeo
compared with the genus Liza. But cytogenetic
analysig®#1 showed that Oedalechilus might be a
derived branch of Liza (Protomugil) it present the
subtel ocentric chromosome pair for the 9" onewhereas
as Liza species and C. labrosus present this
subtel ocentric chromosomepair in 24. Thiscytogenetic
and genetic congruence disagree with Thomson®
assumption that consider the genus Oedal echilusinan
evolutionary seriesas closeto the genus Chelon both
descendent of thegenusLiza.

Therelationshipsamong thethree speciesof Liza
(L. aurata, L. ramada and L. saliens) and Chelon
labrosusare poorly resolved, whereastheLiza-Chelon
clade showed areduced interspecific differentiation,
whichisawayswell supported by all the molecular
markersused inthisstudy aswell themitochondria as
the nuclear sequences gene, thisiscomparableto the
resultsreported by previousmol ecular studieg®253738441,
Thedifficulty indiscriminating between Chdonand Liza
wasd ready reved ed by cytogenetic andysig®2 which
suggestsaclosere ationship between thetwo genera.
Thissmilarity wasnot supported by allozymedatathat
showed an gppreci abledegree of genetic differentiation
between Liza and Chelon16264651 Al| these data
contributeto thelong systematic debate carried out on
themonophyletic originonthegenusLiza. Cddaraet
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al.[¥ did not regject the Liza monophyly because they
showed that acertain degree of homoplasy might affect
this phylogenetic anaysis. Contrary to Rossi et al.“®!
and Papasotiropoulos et al.” 3 Imsiridou et al [
and Gornung et al. whoindi catesthat the M editerranean
Mugilidae speciesof Liza do not formamonophyletic
group exclusive of Chelon, and thus, themonophyly of
thewhole genus should bereconsidered.

Our study isthefirst who cons dered mitochondrid
and nuclear sequencesgeneinthesametimeto andyze
the phyl ogenetic re ationshipsamong the M editerranean
Mullets, dl our analyses place Chelon labrosusamong
the Liza species so suggesting the polyphyly of theLiza
genus. Thisiswill betrueif thegenusChelonisredly a
vaid genusas considered by Thomson™!. The present
molecular phyl ogenetic study based onthemitochondria
and nuclear analysisdid not regj ect the monophyly for
the Liza genusand have questioned thevalidity of the
Chelon genuswho provideimportant implicationsfor
the phylogenetic relationshipsin mugilidae. However,
Lizaisthe genuswhich contain ahighest number of
species (morethan 20) contrary to the Chelon genus
which containsonly two speciesintheworld Chelon
labrosus (Mediterranean, Eastern Atlantic coasts, North
of Cape Verde) and Chelon bispinosus (Cape Verde
Idands)™. Inorder to clarify definitively thevaidity of
Chelon genus, therefore the mono or polyphyly of the
Liza genus, a more extensive genetic survey of
representatives of thetwo generais needed.
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