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Abstract The Subfamily Epinephelinae ( Teleoste; Serranidae), commonly known as groupers comprises about 159
species of marine fishes in 15 genera. They are bottom-associated fishes found in twopical and subtw pical waters. Most
species occur on coral reefs, but some live in estuaries or on rocky reefs. Groupers are of considerable economic value,
however, the classification and evolutionary relationships of them have alw ays been hindered by the overwhelming number
of species global distribution, and the lack of morphological specializations traditionally used in ichthyological classifica-
tion. The confusion and debates have brought much trouble not only to the study of the phylogenetic relationships among
groupers but also to the identification of fry and parent in grouper aquaculture. In thisstudy, to evaluate the phylogenetic
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relationship of the groupers from the China Seas the 16S ribosomal DN A of thirty grouper species within six genera of
subfamily Epinephelinae w ere amplified using PCR techniques 572 bp DN A fragments were obtained and the sequences
were analyzed. The genetic information indexes including Kimura-2 parameter genetic distance and Ts/ Tv ratios were
generated using a suite of biology software. Of the 572 aligned base pairs among which insertion or deletion of base pairs
was evident, 373 were constant, 151 were parsimony informative, comprising 26 4% of the total base pairs. The maxi-
mum parwise nucleotide divergence value among all taxa was 0. 186 betw een Epinephelus malabaricus and Plectropom us
laevis and the minimum value was 0. 007 betw een E. moara and E. bruneus. The average pairwise nucdeotide divergence
value among all taxa was 0. 079. Transitions were found to be more common than transversions. The average transition/
transversion ratio among all pairwise comparisons was 1. 7 suggesting that the sequences had not reached saturation. The
sequence analysis also showed an obvious adenine bias on the 16S ribosomal DNA fragment and no anti-guanine bias w as
detected. With Pronotogrammus multifasciatus (No. AF297330) and Johnius belengerii (No. AY336727) as the desig-
nated outgroups and additional homologous sequences information of other Cephalopolis and Epinephelus fishes invoked
from GenBank phylogenetic trees were constructed based on the neighbor-joining (NJ); maximum-parsimony (MP) and
maximum-likelihood (ML) methods. Conclusions were drawn as follow: 1) all the phylogenic trees suggested that genus
Plectropomus, which obviously showed monophyly, is the most primitive group among the subfamily Epinephelinae in
this study; genus Cephalopolis is also recovered as a monophyletic group and is more primitive than genus Epinephelus;

the evolutionary status of genus Variola is between genus Cephalopolis and genus Plectropomus; 2) Promicrops lanceo-
latus should be included in genus Epinephelus because it emerged as a cluster within the clade of Epinephelus and had a
close relationship with E. wioides and E. malabaricus; Cromileptes altivelis also showed close relationship with genus
Epinephelus; perhaps a specialization group within genus Epinephelus; 3) genus Epinephelus was located at the top of
the phylogenetic tree indicating that it is the most recently diverged species which isin accordance with the fact that it is
also the most flourishing genus in Epinephelinae. There are two parallel evolutionary sister clades existing ( with high
bootstrap value support) in genus Epinephelus. However the species-level differences within these clads are not dear due
to the lack of high bootstrap values support. The species within this two clades seem to be irrelevant to their bio geo graphic
distributions which suggested that there were two parallel evolutionary ancestors existing in the early evolution stage of
genus Epinephelus and their on-going divergence should be earlier than the existence of geographic floras of genus
Epinephelus | Acta Zoologica Sinica 52 (3). 504— 513, 2004 .
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1 Genbank
Table 1 Species of groupers in this study sampling locations and GenBank accession number
) Genbank
Species Collection site GenBank accession number
Epinephelus

E. malabaricus

E. coioides

Fujian and Hainan

Fujian, Guangdong and Hainan

E. spibtoeps

E. bruneus

E. fuscoguttatus

. fario
. quoyan
. areolat

. akaara

. sexfasc

S N N

E. awoara

. latifascia tus
. fasciatus

. bleckeri

us

us

. chlorostigma

iatus

. diaanthus

E. radiatus

E. moara

E. amblycephalus

E. epistict
E. undub
Prom icrops
Pr. lancolatus
Cromi leptes

Cr. altivelis

Cephalopolis

us

NZAY

Ce. formosa

Ce. pachycen tron

Ce. argus

Ce sonnerati

Variola
Va. louti
Plectropomus

Pl. laevis

Pl. lopardus

India

Fujian and Hainan

Fujian, Guangdong and Hainan

Fujian and Hainan

Fujian, Hainan; India

Fujian and Hainan
Fujian and Hainan
Fujian and Hainan

Fujian and Hainan

Fujian, Guangdong and Hainan

Hainan; India

Hainan; India

Hainan; India
Fujian and Hainan

Hainan

Fujian, Guangdong and Hainan

Hainan
Hainan

Hainan; India

Fujian and Hainan

Hainan

India

Fujian and Hainan

Fujian and Hainan

India

Fujian and Hainan

Hainan

Fujian and Hainan

DQ067309
DQ 154105
DQO67311
DQ067314
DQ067312
DQ 088044
DQ088039
DQ 088042
DQO67307
DQ067313
DQ088038
DQ 154107
DQ088036
DQO67310
DQ088043
DQ067308
DQO67304
DQ067303
DQ067306
DQO67305
DQ088041

DQO67317

DQ067318

DQO088035

DQ067316

DQO67315

DQ088037

DQO67319

DQ067320
DQ067321

*

* Taxonomy according to Cheng et al.

(1987).

(198D).
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5'-CCGGTCTGAACTCAGATCACGT-3" (Palumbi, 168 rRNA
1996), . PCR , , 30

50 t1. 94 °C5 min (92°C 572 bp ;
45s, 52°C455 72°C 1 min) X 30 , 12°C7 , 246—270 bp  407— 437 bp
min, PCR s ) 373,
151, 26. 4%.
14 , ,
CLUSTAL X 1.7 , T-C
(Thompson et al., 1997) , AG, AC AT CG T-G.
DnaSP (Rozas and Rozas 1999) A. T. G. C , 29. 8%,
(Polymorphic sites ) 23.5%. 228%  23.9%. A+T
(Parsimony informative polymorphic sites). MEGA (53.3%) cte 46.7%),
(Kumar et al., 2001) A , G
(Base composition ) / (Ts/ Kimura i
Tv ratios), Kimura-2 parameter 30 i 0. 007
(Genetic distance). ( ) 0186 (
(Neighbor-joining, NJ), ), 0. 079.
(Maximum-parsimony, MP ) GenBank ( D.
(M_ax imum*l_ike]ihood, M L_) 2 2 MP

, i, i, i, (Pronotogram - W ’
mus multifasciatus ) (GenBank 12 ’
ATF297330) (CI=0.4072, RI=0 4880)
(Johnius belengerii ) (GenBank L )

AY336727) . 17
MEGA (Kumar et al., 2001), ' ‘ |
Kimura s I O7%%)
/ . ’
PAUP4. 0b10 (Swofford, 2002) °
(Parsimony criterion) (<50% )
(Heuristic search ), TBR (Tree ’
bisection reconnection ),
(1 000 random stepwise addition sequence repli- ’
cates ), 97%0)
(C1, RD PAUP ’
PAUP4. 0b10 . 2.3 ML
HK Y85 ) equal > Shape ’
0 5, / 17, bootstrap , 100
. ML , bootstrap . ML
(Bootstrap) 1 000 MP ¢ 2).
T7% )s
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E.radiatus
E.diacanth

97

52

6l E.epistict

452:5 quoyanus
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E.fasciatu
_‘EE.spilotoc‘
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_FE. undulosu
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_|: E.chlorost
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E.bleckeri

— E.malabari
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51 Cr.altivel
Pr.lanceol
E.bruneus

63 E.moara

E.latifasc
460: E.fuscogut

76 Ce.argus
|_|: Ce.sonnera

94

|_|: Ce.formosa
87 Ce.pachyce

100

Va.louti
— Pllaevis

100 L—P1.leopard

J.belengerri

1 30 16S rDNA
1000  bootstrap

Fig 1 MP phylogenic tree among 30 species of Epinephelinae subfamilly based on 16S rDNA sequence
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Johnius. belengerii
Pro.multif
Va.louti

; 5Ce. argus

Ce.sonnera
Ce. formosa
84

Ce.pachyce
F.latifasc
—1 |50 —|
2 7E Juscogut

E.moara

] E.bruneus
Pr.lanceol
Cr.altivel

E.bleckeri

E.fasciatu
D 57 /. .

E.spilotoc

E.awoara
E.akaara
E.chlorost
— 90 E.sexfasci
E66 E.fario
77 E.quoyanus
— E.areolatu
L Eundulosu
|—90E.coi0ides
=8 malabari
E.radiatus

o E.epistict
ggE amblycep
E.diacanth

Plleopard

r P
100

— Pl laevis

52

2 30 16S rDNA ML
100 hootstrap 9.
Fig 2 ML phylogenic tree among 30 species of Epinephelinae subfamilly based on 16S rDN A sequence

Numbers at nodes represent bootstrap values (%) with 100 replicates.
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E.diacanthus
E.amblycephalus
E.epistictus
E.radiatus

64 E.fasciatus
E.spilotoceps
E.bleekeri
E. fario
E.quoyanus
E.akaara

72|81
100

E.awoara
E.chlorostingma
E.sexfasiatus
E.undulosus
56

|| — E.malabaricus

E.areolatus

9 75 96 L— E coloides

Pr.lanceolatus
—|: Cr.altivelis
92 = E.bruneus
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50 E fuscoguttatus
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—
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0.02
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Fig 3
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Numbers at nodes represent bootstrap values (%) with 1 000 replicates.
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NJ phylogenic tree among 30 species of Epinephelinae subfamilly based on 16S rDNA sequence
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63 E. radiatus E. radiatus
_| EE. epistictus E. epistictus 5 |—
79 08 E. diacanthus E. diacanthus 93 85
47—E. amblycephalus E. amblycephalus 60
—FL. costae E. costae _—
88 E. niveatus L. niveatus 56
59 E. niphobles E. niphobles 75
59_| 71 EE. nigritus E. nigritus
E. mystacinus E. mystacinus
———F. acanthistius E. flavolimbatus
k. cifuentesi E. cifuentesi g
#E. Sflavolimbatus E. drummondhayi
E. drummondhayi E. acantmistius —_—
98 —E. multinotatus E. multinotatus 83 91
’_| EE. cyanopodus E. cyanopodus
E. nndulosus E. undulosus
E. areolatus E. areolatus
I—E. bleekeri E. bleekeri
E. sexfasciatus E. striatus
E.chlorostigma E.chlorostigma
98 _|__|:E. akaara E. sexfasciatus
| E. awoara E. akaara
88 E. spilotoceps E.awoara |
62 _EE. maculatus E. spilotoceps 33
99— FE.tauvina E. maculatus |
E. fasciatus E.tauvina 95
99 —E. fario E. fasciatus 52
E. trimaculatus E. fario 93
| E. macrospilos E. trimaculatus 66
E. quoyanus E. macrospilos
E. morio E. quoyanus
E. guttatus E. morio 2%
99 —E. clippertonensis E. guttatus -
E. labriformis E. clippertonensis 96 -
E.adscensionis g lctllbriformis }h
7 E. analogus .adscensionis
2 E.striatug::u E. analogus —
—FE. coioides E. coioides _
98—F. malabaricus E. malabaricus —03 79
_6]|:E. itajara E. itajara 65
E. polyphekadion E. polyphekadion
73 94 —E. bruneus E. bruneus
E. moara E. moara 79 9%
E. fuscoguttatus E. fuscoguttatus 60 —
08Y—F. latifasciatus E. latifasciatus - 67
— 99 —Ce. cruentata Ce. cruentata 935
Ce. panamensis Ce. panamensis
77— Ce. sonnerati Ce. sonnerati 51
9 Ce. urodeta Ce. urodeta 96
Ce. miniatus Ce. miniatus 50 I
85 Ce. fulva Ce. fulva
Ce. formosa Ce. argus 88
83— Ce.pachycentron Ce.formoss
Ce. argus Ce.pachycentron :|77
Pro. multifasciatus Pro. multifasciatus
J. belengerii J. belengerii
NIJ tree MP tree
4 54 NJ MP
1000  bootstrap %),
Fig 4 The NJ and MP phylogenic tree among 54 grouper species ( indude genus Epinephelus and Cep halop holis)
based upon 16S rDNA sequence
Numbers at nodes represent bootstrap values (%) with 1 000 replicates.
, (E. lanceolatus) . ,
’
° s
o . ,
’ Cyt b
’ ’ ’ ( , 2006).
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