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Abstract:Genetic diversity and phylogenetic relationships of four morphologically similar and sympatric grouper
species namely Yellow grouper (Epinephelus awoara) Hongkong grouper (E. akaara) Duskytail grouper
(E. bleekeri) and Honeycomb grouper (E. merra) were investigated. Specimens were sampled from sea area of
southern China. Calculation based on genotypes of nine microsatellite DNA loci showed that the genetic diversity
of the four grouper species was high with the mean number of alleles average polymorphic informative content
(PIC) average observed heterozygosity (Ho) and average expected heterozygosity ( He) being from 8.22 +
5.02 to 18.67 £9.38 from 0.56 +0.21 t0 0.83 0. 13 from 0.62 +0.03 to 0. 85 £0.02 and from 0. 60 =
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0.07 t0 0. 86 £0. 04 respectively. Tests of Hardy-Weinberg equilibrium (HWE) demonstrated that except for

those of Duskytail grouper most loci of the rest three grouper species were under equilibrium conditions.

Phylogenetic trees reconstructed from both genotypes of microsatellite DNA loci and partial mitochondrial

cytochrome b gene (mtDNA Cyt b) sequences indicated that Yellow grouper and Hongkong grouper were more

closely related among the four species. Furthermore

Bayesian cluster on the genotypes of nine microsatellite

DNA loci for all individuals of the four grouper species supported their genetic distinctiveness.
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Table 1 Sampling information and distribution rang of four grouper species

-) R

Collection time

Species Sample size (Year-month) Collection site Rang of distribution
Epinephelus awoara 44 200812 12° ~39°N 110° ~ 143°F
E. akaara 41 200842 20° ~39°N 109° ~143°E
E. bleekeri 40 2008-01 32°N ~17°S 48° ~136°E
E. merra 36 200801 33°N ~31°S 28°E ~129°W
1.3 DNA . (number of alleles) « ( polymor-
12 phism information content PIC) .
DNA PCR « 2" (observed heterozygosities Ho)
3 3~5 (expected heterozygosities He)
DNA o 40 pl - (Hardy-Weinberg equilibrium
DNA 80 ng 0.15 pmol/L 1 x HWE)
buffer. MgCl, 2.0 mmol/L 4 dNTP 0.2 (Bonferroni correction) "
mmol/L.rTag 6 U( (linkage disequilibrium LD)
). 194C 5 min;94C ; Dispan " (neighbor-
30 s.45 ~60C ( 2)30s 72%C joining NJ) 4
45 s 30 ;72C 7 min. (Nei’ s standard genetic distance Ds)

1.5% (Biowest Spain) 14 (bootstrap test)
(Omega Bio-tek Inc.) . Structure 4
pMD18-T ( K=1-~4

) > 10 burn-in time
M13 DNA ( 200 000 2 000 000
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DNA 20 ng 0.15 wmol/L 1 x PAUP 4b10 " MrBayes »°
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2 12 DNA PCR 10
Table 2 Twelve polymorphic microsatellite DNA loci in Hongkong grouper their

PCR primer sequences and annealing temperatures

GenBank c)
GenBank Primer sequence . Annealing
Locus . Repeat motif
accession no. (5'-3") temperature
F: GACTTGATTCAGCAAAATAAAGATG .
CA2 EU117129 T . (CA) 55.0
R: AGAGACGGTGCCAGTAAATGAA
F: ATGTGACACGTTGACAGGCAAGT
CA3 EU117130 (CA) 5 45.0
R: GACCTTGATATTTTCATTGCTTG
F: GTGTTGCTGGGGTTACTAATGAAG
CA6 EU117131 (CA), 50. 0
R: TTAGACACATTGTCACGATGGTCC
F: AGCAAGAGCACAATAGCCAGAA
CT1 EU117132 (TC) 56.2
R: CCATATGACAAAATGAGACATAAG
PMO2 EUL17133 F: GATCAGCCTGTTAGCCCTGGATAA ca) 550
R: CCCCCTGGCCAAGTCACAG B
F: AGAAAAAGCTCCACAACACAACAA
PM12 EU117134 (TG), 55.0
R: GAGCCCCAGTCCCAAATATTG
RH CA 001 EUL17135 F: CGAGATAAGCCCTGGTGAAA ca) 60.0
- R: AGTCCCGATGTGGTAACGAG s ’
F: CTCGTTACCACATCGGGACT .
RH_CA_002 EU117136 (AC) 60. 0
R: AACACTGGCTGGTTTGCACT
F: GAGAACGACATTCCAGCACA
RH_CA_004 EU117137 (CA) 5 57.0

R: TGTGTGACCAGAAACCAGGA

F: CAGAAACATCTCCCCCAAAA .
RH_CA_007 EU117138 o N o p e A (AC) 4 60. 0
R: CTGGCAGAGCAATTAGAGGC

F: AGTTGCCCAGGTTACACGAG

RH_CA_008 EU117139 I (CA) 5 57.0
R: TTGGGTCCTGGCATTTAGAG
F: GGGCAATTTGGTTCTTCACA .

RH_GATA_003 EU117140 e A A . (GATA) , 57.0
R: TGTCAATGCCACAGGATACA

DNA CA3
2
CT1 o
2.1 4 6
mtDNA Cyt b DNA ( 2);
399 bp PM12
86 o 9 4
39 ( singleton polymorphic
site) 47 (parsimony informative DNA o
polymorphic site) (1) NCBI 9 4
4 mtDNA
Cyt b N
( 3). HWE
2.2 DNA 6 (P <0.05)
12 DNA (P>0.05)C 3);

10 3 LD
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Table 3 Characteristics of nine microsatellite DNA loci in the four grouper species

Allele
Polymorphism Observed Expected
Species Locus (bp) information content heterozygosity heterozygosity P
Number Rang of size (PIC) (Ho) (He)
CA2 25 238 ~313 0.92 0. 89 0.94 0.00"
CA6 4 290 ~310 0.27 0.21 0. 30 0.09
PMO02 6 170 ~ 180 0. 64 0.73 0.70 0.78
RH_CA_001 15 362 ~406 0. 82 0. 89 0.85 0.33
Epinephelus RH_CA_002 27 129 ~ 187 0.94 0.93 0.96 0.20
awoara RH_CA_004 18 202 ~240 0. 86 0. 82 0. 88 0.59
RH_CA_007 16 311 ~351 0. 87 0.96 0. 89 0.91
RH_CA_008 30 197 ~263 0.95 0. 86 0.96 0.00"
RH_GATA_003 27 204 ~292 0.95 0. 84 0.96 0.15
Mean + SD 18.67 £9.38 0.80 +0.22 0.79 £0.02 0.83 +0.07
CA2 6 243 ~253 0. 64 0. 68 0.70 0.30
CA6 2 290 ~300 0.16 0.20 0.18 1.00
PMO02 5 166 ~ 180 0.56 0.63 0.63 0.94
RH_CA_001 8 384 ~404 0.30 0.32 0.31 0.76
RH_CA_002 20 123 ~ 189 0. 89 0. 88 0.91 0. 06
E. akaara RH_CA_004 6 198 ~210 0.63 0.73 0. 68 0.09
RH_CA_007 9 317 ~335 0. 69 0. 88 0.74 0.58
RH_CA_008 10 203 ~225 0.59 0.54 0. 62 0.08
RH_GATA_003 8 208 ~236 0.58 0. 68 0. 64 0.08
Mean + SD 8.22 +5.02 0.56 £0.21 0.62 £0.03 0.60 +0.07
CA2 8 238 ~263 0.63 0.45 0. 69 0.00"
CA6 17 290 ~340 0. 84 0.83 0. 87 0.22
PMO2 4 172 ~ 180 0.45 1. 00 0.55 0.00"
RH_CA_001 13 384 ~420 0. 47 0.38 0. 49 0.00"
RH_CA_002 8 111 ~137 0.70 0.59 0.75 0.01"
E. bleekeri RH_CA_004 9 196 ~220 0.58 0.85 0.65 0.00"
RH_CA_007 20 309 ~361 0. 88 0. 87 0.90 0.55
RH_CA_008 3 213 ~235 0.19 0.23 0.21 1. 00
RH_GATA_003 4 208 ~220 0.41 1. 00 0.5311 0.00"
Mean + SD 9.56 +5.98 0.57 +0.22 0.69 +0.02 0.62 +0.07
CA2 23 241 ~295 0.93 0.94 0.95 0.34
CA6 23 242 ~358 0.94 0. 89 0.96 0.01"
PMO02 6 175 ~197 0.72 0. 86 0.77 0.93
RH_CA_001 25 372 ~426 0.93 0. 89 0.94 0.10
RH_CA_002 18 113 ~ 145 0.91 0. 86 0.93 0.09
E. merra RH_CA_004 16 192 ~240 0. 86 0.78 0. 88 0.24
RH_CA_007 7 299 ~317 0.55 0. 67 0.63 0.25
RH_CA_008 15 197 ~241 0.83 0. 89 0. 86 0.55
RH_GATA_003 16 192 ~264 0.79 0.92 0.81 0.95
Mean + SD 16.56 £6.73 0.83 +0.13 0.85 +0.02 0.86 +0. 04
P - (HWE) *

HWE (P <0.05).
P: Probability values by the Markov chain method for the Hardy-Weinberg equilibrium test (HWE) ; * :TLocus showed significant
deviation from the HWE after Bonferroni correction (P <0.05).
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Epinephelus awoara GCTAGCCTTC GCAAAACGCA TCCTCTCCTA AAAATCGCAA ACGACGCACT AGTAGACCTC CCAGCCCCTT CCAACATTTC
E. akaara GCTAGCCTCC GCAAAACGCA TCCTCTCCTA AAAATCGCAA ACGACGCCCT AGTAGACCTT CCAGCCCCCT CCAACATCTC
E. bieekery GCCAGCCTCC GCAAAACGCA CCCCCTCCTA AAAATCGCAA ACGACGCACT AGTAGACCTT CCAGCCCCCT CCAACATTTC
E. merra 1 GCCAGCCTTC GCAAAACGCA CCCCCTCCTA AAAATCGCAA ACGACGCACT AGTAGACCTC CCAGCCCCCT CCAATATCTC
E merra 2 GCCAGCCTTC GCAAAACGCA CCCCCTCCTA AAMATCGCAA ACGACGCACT AGTAGACCTC CCAGCCCCCT CCAATATCTC
E. merra 3 GCCAGCCTTC GCAAAACGCA CCCCCTCCTA AAAATCGCAA ACGACGCACT AGTAGACCTC CCAGCCCCCT CCAATATCTC
160
FEpinephelus awoara GGTCTGGTGA AATTTTGGTT CATTACTCGG ACTCTGTCTA ATTGCCCAAA TCCTTACTGG CCTGTTCCTA GCCATACATT
E, akaara GGTCTGGTGA AATTTCGGTT CATTACTTGG ACTCTGTCTC ATTGCCCAAA TCCTTACAGG CCTATTCCTA GCTATACACT
E. bieekery AGTCTGATGA AACTTTGGTT CGCTACTAGG ACTCTGCCTT ATTGCACAAA TCCTCACGGG CCTATTCCTA GCTATACACT
Eomerra 1 GGTCTGGTGA AACTTTGGCT CACTACTTGG ACTCTGCCTT GCCGCACAAA TCCTCACAGG TCTCTTCCTA GCCATACACT
E. merra 2 GGTCTGGTGA AACTTTGGCT CACTACTTGG ACTCTGCCTT GCCGCACAAA TCCTCACAGG TCTCTTCCTA GCCATACACT
E merra 3 GGTCTGGTGA AACTTTGGCT CACTACTTGG ACTCTGCCTT GCCGCACAAA TCCTCACAGG TCTCTTCCTA GCCATACACT
240
Epinephelus awoara ACACATCAGA TATTGCTACA GCCTTTTCAT CTGTTGCCCA CATTTGCCGA GACGTAAACT ACGGCTGATT AATTCGCAAC
FE. akaara ATACATCAGA CATTGCCACA GCCTTTTCAT CTGTTGCCCA CATTTGTCGA GATGTAAACT ATGGCTGGCT AATCCGTAAT
E. bleekeri ATACATCAGA TATTGCTACG GCCTTTTCAT CTGTTGCCCA CATTTGCCGA GACGTAAACT ACGGCTGACT GATCCGTAAT
E merra 1 ACACATCAGA TATCGCCACA GCCTTCTCAT CCGTAGCCCA CATCTGTCGA GATGTAAACT ACGGATGACT AATCCGCAAC
E. merra 2 ACACATCAGA TATCGCCACA GCCTTCTCAT CCGTAGCCCA CATCTGTCGA GATGTAAACT ACGGATGACT AATCCGCAAC
£ merra 3 ACACATCAGA TATCGCCACA GCCTTCTCAT CCGTAGCCCA TATCTGTCGA GATGTAAACT ACGGATGACT AATCCGCAAC
320
Epinephelus awoara ATACATGCCA ACGGGGCCTC CTTTTTCTTT ATCTGTATCT ATGCGCACAT TGGGUGAGGG CTTTATTACG GCTCCTACCT
E. akaara ATACATGCCA ACGGGGCCTC CTTTTTCTTT ATCTGCATTT ATGCACACAT TGGACGAGGA CTTTACTACG GTTCCTACCT
E. bleekeri ATACATGCTA ACGGAGCCTC CTTCTTCTTT ATCTGTATCT ACGCTCACAT CGGACGAGGA CTTTACTATG GCTCCTACCT
E merra 1 ATACATGCCA ACGGAGCTTC CTTTTTCTTT ATCTGCATCT ATGCCCACAT TGGACGCGGC CTTTACTATG GCTCTTACCT
E. merra 2 ATACATGCCA ACGGAGCTTC CTTTTTCTTT ATCTGCATCT ATGCCCACAT TGGACGCGGC CTTTACTATG GCTCTTACCT
E. merra 3 ATACATGCCA ACGGAGCTTC CTTTTTCTTT ATCTGCATCT ATGCCCACAT TGGACGCGGC CTTTACTATG GCTCTTACCT
399
Epinephelus awoara CTATAAAGAG ACCTGAAACA TTGGAGTCAT CCTCCTCCTC CTAGTAATGA TAACAGCCTT TGTTGGCTAC GTCCTCCCT
E. akaara CTATAAAGAA ACCTGAAACA TTGGAGTCAT CCTTCTCCTT CTAGTAATAA TAACAGCTTT TGTTGGTTAC GTTCTCCCC
E. bleekery TTATAAMGAA ACCTGAAATA TTGGGGTTAT TCTCCTCCTC CTAGTAATAA TGACAGCCTT CGTTGGTTAC GTACTTCCC
E merra 1 TTACAAAGAA ACCTGAAACA TCGGAGTTGT CCTCCTCCTC TTAGTAATGA TAACAGCCTT TGTTGGTTAC GTATTACCC
E merra 2 TTACAAAGAA ACCTGAAACA TCGGAGTTGT CCTCCTCCTC TTAGTAATGA TAACAGCCTT TGTTGGTTAC GTATTACCC
E merra 3 TTACAAAGAA ACCTGAAACA TCGGAGTTGT CCTCCTCCTC TTAGTAATGA TAACAGCCTT TGTTGGTTAC GTATTACCC
1 4 mtDNA Cyt b
Fig.1 Alignment of partial mtDNA Cyt b sequences of four grouper species
Epinephelus awoara: 5 E. akaara: 5 E. bleekeri: 5 E. merra: o
RH_CA_001 RH_CA_002 2.3 Ds(
4) DNA
PMO02 RH_GATA _003 RH_CA_004 NJ
RH_CA_008
. ( 2).
4 4 (Ds)

Table 4 Nei’s standard genetic distances (Ds) among the four grouper species

Species Epinephelus awoara E. akaara E. bleekeri E. merra
Epinephelus awoara

E. akaara 0.616 006

E. bleekeri 1. 767 839 0.921 782

E. merra 1. 146 952 1.821 739 1. 186 511
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Epinephelus awoara
61
E. akaara
E. bleekeri
E. merra
2 4 (Ds) NJ
Fig.2 Phylogenetic NJ tree reconstructed by Nei’ s standard genetic distances among the four grouper species
Epinephelus awoara: ; E. akaara: 5 E. bleekeri: 5 E. merra: o
1 000 o The number above the branch represents bootstrap value (% ) with 1 000 replicates.
mtDNA Cyt b 0.110 8 " GTR + G
NJ Kimura . - N MP ML
ML
HKY + G gamma 3
78/91/69/0.62 | Epinephelus awoara
47/55/58/0.68 | E.akaara
100/100/100/1.00 I
E.merra 3
100/100/100/1.00 [_

E.merra 1
E.merra 2

I Plectropomus laevis

Pleopardus

P
0.02
3 4 mtDNA Cyt b
Fig.3 Phylogenetic tree of 4 grouper species reconstructed based on partial mtDNA Cyt b sequences
Epinephelus awoara: ; E. akaara: ; E. bleekeri: 5 E. merra: ; Plectropomus leopardus:
GenBank accession no. AY950692; P. laevis: GenBank accession no. AY950693.
4 (ML) . (N]D) (MP) 1 000 .

The 4 numbers above the branch represent bootstrap values (% ) with 1 000 replicates for ML, NJ

MP and posterior probability for Bayesian method in order.
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Fig.4 Bayesian cluster of all individuals of the four grouper species by the nine microsatellite loci
Epinephelus awoara: ; E. akaara: 5 E. merra: ;
E. bleekeri: o
The segment lengths of the vertical line with different color show the probabilities of each
individual assigned to species represented by the same color.
o DNA HWE
HWE
. . 4
o 4
DNA 0.60 ~ o
0. 86 o
N HWE;
2
HWE * .
(linkage equilibrium LE)
780 km
; LD.
224 . LD .
DNA 7 o
2
15 27
S
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( NI (4 2)
> 25
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