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Co1 Kansas)
, (Noumea Aquarium des Lagons)
: 18 (1
, 95% ,
DNA
1.2 DNA
1 DNA /
1.1 DNA 50 uL . 1%
) ,—20
1.3 PCR
(South African Institute for CO 1 DNA

Aquatic Biodiversity, SAIAB)
(Biodiversity Institute, University of

: CO1-F1: 5-TCAACYAATCAYAA
AGATATYGGCAC-3’, CO T -R1: 5'-ACTTCYGGG

F1 FWMRIEFEMRE N

Tab. 1 The experimental species and the origins

s Family, Genus Species Origin Label
Diagramma pictum N GDSZ1,2
Diagramma , GDYJ
Diagramma centurio s GDSM1,2
Plectorhinchus cinctus s GDSZ71,2,3
Plectorhinchus , GDYJ
Plectorhinchus lineatus N PLHN1,2
> PLNC
Plectorhinchus orientalis s POHNI1,2,3
Plectorhinchus diagrammus s PDHNI
Plectorhinchus chaetodonoides s PCHNI1
> PCNC
Plectorhinchus picus s PPHNI1,2,3
Plectorhinchus albovittatus N PANCI1,2
Plectorhinchus gaterinus Nyama Reef PGTN1,2
Plectorhinchus vittatus s PVSM1
Plectorhinchus chubbi s - PCSA1,2,3
Plectorhinchus gibbosus , PGSM1
Plectorhinchus playfairi s PPMIL,2
Plectorhinchus sordidus R PSKD
Plectorhinchus schotaf N PSMI
Plectorhinchus plagiodesmus , PPSM1,2,3
Parapristipoma trilineatum s GDYJ1
Parapristipoma s GDYJ2
Outgroup Pomadasys maculatus s

Pomadasys hasta
Haemulon plumierii

Anisotremus virginicus

, Carrie Bow Cay
, Carrie Bow Cay
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TGRCCRAARAATCA-3'"" PCR 50 uL, 33.2%, G-3 14.3%,
10xbuffer 5 pL, dNTPs (2.5 mmol/L) 2 pL, G (D G+C , 1 G+C
1 uL, Ex Tag (1 U/uL) 2 uL. PCR (56.7%) 2 3 (43.1%
: 94 5min, 94 30s, 60 48.4%) , 651 bp ,
Imin, 72 Imin30s, 35 , 72 , 430 66.1%:;
10min PCR 1.5% , 221, 34.0%; 183
28.1%
45
14 40 - ]
BioEdit 35 B
Clustal W!'7) % 30 N _ M
, MEGA § 5[]
5.0 18] $aor
, Kimura’s 2-parameter f; 1(5) i
5L
(Maximum likelihood, ML) A L
(Bayesian inference, BI) T-1C-1 A-1G-1 T2 CC-‘ZO AI-Z G2  T-3C3A-3G3
PHYML v2.4.4 ,
1 Ccol
(Bootstrap analysis) Fig. 1 The composition of the Ist, 2nd, 3rd codon of CO I gene
1000 MrBayes 3.1.2 20211
, , 1000000 2
100, 3.24 (Kimura 2-parameter ),
(Posterior probabilities) >
567 64
2 20 2
2.1 , 217 3
, col 5’ , 58 19 ( 2
651 bp , 272 , 3
A T G C s 1 2
23.1% 27.5% 19.5% 29.9%,
A+T (50.6%) G+C (49.4%) 2.2
1 4 , G-1 Kimura 2-parameter 18
, 31.3%, 2 , T-2 3 >
3, 41.0%, 3 C-3 , , 0.000—0.010,
#2 COlFRBRBEZRMEIREY
Tab. 2 Numbers of transition and transversion of CO | sequences
() si( ) sv( ) Rsi/sr
All sites 567 64 20 3.24
Ist Ist site 210 5 0 24.50
2nd 2nd site 217 0 0 0.00
3rd 3rd site 140 58 19 3.05
L si= ; SV= ; R=

>

Note: si=Transitionsal Pairs; sv=Transversional Pairs; R=the ratio of Transitionsal Pairs to Transversional Pairs
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, 0.010, 2.3
0.005, , ML BI
0.003, Hebert [ 3 18 51 (
0.020 2%) 18 2), ,
0.142, 47 )
b
(0.193); , 100% 18
(0.036), Hebert U 2% , ,
b
0.084—0.194
, 0.134,
0.141
3 ETF Kimura2 REGHE 17 HERBTIRNEE COl MAERRESEE—F)EMETEHEFES(T=/M)
Tab.3 Pairwise distances among 22 species of for CO | sequences based on Kimura-2-Parameter model
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
I . 0.002
P, vittatus
2 0.070 0.003
P. orientalis
3 . 0.099 0.074 0.004
P. lineatus
4. . 0.112 0.084 0.081 0.002
P. diagrammus
> 0.101 0.092 0.085 0.101 0.010
P. chaetodonoides
6. . 0.104 0.104 0.106 0.106 0.074 0.004
P. picus
7. 0.117 0.108 0.113 0.110 0.112 0.123 0.000
P. albovittatus
8 . 0.141 0.129 0.129 0.151 0.119 0.130 0.113 0.002
P. gaterinus
% . 0.135 0.129 0.149 0.157 0.165 0.154 0.155 0.165 0.002
P. cinctus
10. . 0.166 0.153 0.174 0.164 0.178 0.167 0.161 0.168 0.112 0.000
P. plagiodesmus
. . 0.151 0.157 0.163 0.151 0.163 0.168 0.135 0.153 0.116 0.139 0.003
P. gibbosus
12 0.151 0.149 0.153 0.145 0.145 0.157 0.159 0.170 0.167 0.186 0.192 0.002
P. sordidus
13 . 0.147 0.149 0.147 0.145 0.145 0.144 0.155 0.149 0.164 0.187 0.193 0.036 0.000
P. chubbi
14. 0.135 0.141 0.149 0.139 0.143 0.146 0.135 0.159 0.148 0.159 0.175 0.057 0.048 0.000
P. playfairi
5. 0.140 0.161 0.159 0.168 0.182 0.167 0.161 0.190 0.183 0.188 0.172 0.174 0.176 0.168 0.000
P. schotaf
16. . 0.126 0.107 0.100 0.095 0.098 0.095 0.126 0.143 0.176 0.194 0.174 0.152 0.148 0.144 0.173 0.002
D. pictum
17. . 0.109 0.100 0.094 0.096 0.087 0.084 0.124 0.143 0.164 0.185 0.163 0.156 0.146 0.148 0.171 0.043 0.002
D. centurio
18. 0.185 0.172 0.176 0.189 0.188 0.182 0.180 0.185 0.177 0.211 0.206 0.200 0.187 0.176 0.185 0.204 0.210 0.001

P. trilineatum
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PCHN1
100/100 }]:SJHHI:Ii BESIHUER P, chaetodonoides
75/85 ECNC
100/100| EPFNZ
—{ PPHNI 5 5L BBRUER P, picus
7189 PPHN3
100100 gg:l\Md; DPHEIAER D. centurio
100/100
100/100] PSZ1
gl GDSZ2 AT D. pictum
GDYJ
PLNC
w( PLHNI1 RSB P lineatus
PLHN2
56/70 100/100 PDHN3
43/- PDHN4
Ut B A j
PDHN2 VU IR P. diagrammus
PDHN1
POHN3
POHN2 A '
100/100| poHN1 ARITHIER P. orientalis
79/93| 80/95 POHN4
100/100| PVSM3
PVSM1 SRBUSIHER P, vittatus
PVSM2
PANC1 Mt e ,
60/84 100/100} PANC2 FIAF ISR P. albovittatus
73/-] PGTN1 _
IOO/IOO{PGTNz SR P. gaterinus
PGSM2
100/100" PGSM1 MEIBER P. gibbosus
| PGsM3
99/100
100/100; PPSM1 L= L P placi
50/ | ppSM2 TE S SR P. plagiodesmus
90 DSZ4
38/90 100100 SPS
oDzl TR P. ci
GDSZ2 2 K P cinctus
GDSZ3
100/100 | PPMI1 _— .
73/90 v VAR P. playfairi
100/100; PSKD1

100/100

PSKD2

98/100 | og/100] PCSAL
PCSA2
PCSA3

100/1001 PSMI1

L psMI2
100/100] PTGD1

| PTGD2

LB WIS P, sordidus

B CHINE P. chubbi

M ECHIBEE P schotaf

SLRHILES P otrilineatum

KBEA 15 P. maculatus

Wi BELT 1 P, hastas

I WA A H. plumierii
90/95L— K RALI0 A, virginicus

83/97|

2 18 Ccol
Fig. 2 The molecular phylogenetic trees of 18 Sweetlips constructed by maximum likelihood and Bayesian inference method, based on
CO 1 sequences
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3 orientalis , P vittatus (28]
31 DNA ,
(SAIAB) , 3 ,
e DNA . 4 col
, (Barcoding gap) 0.070, Hebert [
Hebert MY 11 13320 col 0.020 (2%),
, col
; col (0.036) (0.048)
2%, 0.002
1% , Hebert U112 Col 0.003,
2 10 b
18 51 , ,
0.003,
0.142, 47 R , ,
0.000—0.010, ,
Hebert [V
0.020 (2%); 0.036—0.193, 34
Hebert 2% , CO1
DNA , co 1 )
(0.134)
3.2 DNA (0.142) s
Co1 )
) (819 "Sanciangco ™ Tavera !
, Tavera 1
[5, 6]
3.3 P vittatus P orientalis 9—10, 12— 1486231 ,

vittatus (Linnaeus, 1758)
(Bloch, 1793)

Satapoomin  Randall’®”!

: Oriental sweetlips

P

P orientalis
[23—26]

, P vittatus P,



772

39

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

[9]

[10]

(11]

[12]

Cheng Q T, Zheng B S. Systematic Synopsis of Chinese
Fishes [M]. Beijing: Science Press. 1987, 339—341 [ s

. : . 1987,
339—341]
Shen S J. Fishes of Taiwan [M]. Taibei: Taiwan University
Press. 1993, 360—363 [

. 1993, 360—363]
Huang Z G. Species and Distribution of Marine Organisms
in China [M]. Beijing: China Ocean Press. 1994, 708—709
[ .
1994, 708—709]
Meng Q W, SuJ X, Miu X Z. Systematics of Fishes [M].
Beijing: Chinese Agricultural Press. 1995, 636—640 [
. 1995, 636—640]

Mckay R J. Haemulidae. In: Fischer W, Bianchi G (Eds.),
FAO Species Identification Sheets for Fishery Purposes.
Western Indian Ocean (Fishing Area 51). Vol. 2. FAO,
Rome. 1984
Carpenter K E, Niem V H. FAO Species Identification Guide
for Fishery Purposes.ISSN 1020—6868. The Living Marine
Resources of the Western Central Pacific. Volume 5: Bony
fishes part 3 (Menidae to Pomacentridac) [M]. FAO, Rome.
2001, 2961—2989
Zhu S H, Zheng W J, Zou J X, et al. Molecular phylogenetic

analysis of five Pomadasyidae fish based on mitochondrial

cytochrome b sequences [J]. Journal of Tropical
Oceanography, 2006, 25(4): 42—45 | S s
s .5 b

. , 20006, 25(4): 42—A45]

Ren G, Zhang Q, Qian K C, ef al. Sequence analysis of
twelve grunt fishes basedon 16S ribosomal RNA gene
fragments [J]. Journal of Tropical Oceanography, 2007,
26(3): 48—52 [ , s , .12

16S rRNA . ,
2007, 26(3): 48—52]
Sanciangco M D, Rocha L A, Carpenter K E. A molecular
phylogeny of the Grunts (Perciformes: Haemulidae) inferred
using mitochondrial and nuclear genes [J]. Zootaxa, 2011,
2966: 37—50
Tavera J, Acero A, Balart E F, ef al. Molecular phylogeny of
grunts (Teleostei, Haemulidae), with an emphasis on the
ecology, evolution, and speciation history of New World
species [J]. BMC Evolutionary Biology, 2012, 12: 57
Hebert P D N, Cywinska A, Ball S L et al. Biological
identifications through DNA barcodes [J]. Proceedings of the
Royal Society B-Biological Sciences, 2003a, 270: 313—322
Hebert, P D N, Ratnasingham S, deWaard J R. Barcoding
animal life: cytochrome c oxidase subunit 1 divergences

among closely related species [J]. Proceedings of the Royal

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

Society B-Biological Sciences, 2003b, 270: 596 —599
Emre K, Sevan A, Ali" S T DNA barcoding common
non-native freshwater fish species in Turkey: Low genetic
diversity but high population structuring [J]. Mitochondrial
DNA4, 2013, 24(3): 276—287
Keskin E, Atar H H. DNA barcoding commercially
important fish species of Turkey [J]. Molecular Ecology
Resources, 2013, 13(5): 788—797
Mao Y T, Gan X N, Wang X Z. DNA Barcodes and
molecular phylogeny of Botiinae fishes based on the
mitochondrial CO I gene [J]. Acta Hydrobiologica Sinica,
2014, 34(4): 737—744 [ , s
col DNA

. , 2014, 34(4): 737—744]
Ward R D, Zemlak T S, Innes B H, et al. DNA Barcoding
Australia’s fish species [J]. Philosophical Transactions of the
Royal Society 2005, 360:
1847—1857
Thompson J D, Higgins D G, Gibson T J. Clusial W:

improving the sensitivity of progressive multiple sequence

of B-Biological Sciences,

alignment through sequence weighting, position specific gap
penalties and weight matrix choice [J]. Nucleic Acids
Research, 1994, 22(22): 4673—4680
Tamura K, Peterson D, Peterson N, et al. MEGAS5:
Molecular evolutionary genetics analysis using maximum
likelihood, evolutionary distance, and maximum parsimony
methods [J]. Molecular Biology Evolution, 2011, 28:
2731—2739
Swofford D P. Phylogenetic Analysis Using Parsimony (and
Other Methods) Version 10 [M]. Sinauer, Sunderland, MA.
2003
Huelsenbeck J P, Ronquist F. MrBayes: Bayesian inference
of phylogeny [J]. Bioinformatics, 2001, 17: 754—755
Ronquist F, Huelsenbeck J P. MrBayes 3: Bayesian
phylogenetic  inference under mixed models [J].
Bioinformatics, 2003, 19: 1572—1574
Peng J L, Wang X Z, Wang D. et al. Application of DNA
barcoding based on the mitochondrial CO [ gene sequences
in classification of Culter (Pisces: Cyprinidae) [J]. Acta
Hydrobiologica Sinica, 2009. 33(2): 271—276 [ s
, , . col DNA

fif] . ,
2009, 33(2): 271—276]
Randall J E, Lim K K P. A checklist of the fishes of the
South China Sea [J]. Raffles Bulletin of Zoology Supplement,
2000, (8): 569—667
Gell F R, Whittington B. Diversity of fishes in seagrass beds
in the Quirimba Archipelago, northern Mozambique [J].
Marine Freshwater Research, 2002, 53: 115—121
Gillibrand C J, Harris A R, Mara E. Inventory and Spatial
Assemblage Study of Reef Fish in the Area of Andavadoaka,

South-West Madagascar (Western Indian Ocean) [J].



4 : - DNA 773

Western Indian Ocean Journal of Marine Science, 2007, 6: [28] Froese R, Pauly D. FishBase. World Wide Web Electronic
183—197 Publication www.fishbase.org, version (9/2013)

[26] Unsworth R K F. 2010. Seagrass meadows of the Wakatobi [29] Randall J E and Lim K K P. A checklist of the fishes of the
National Park [M]. In: Clifton, J, R K F Unsworth, D J Smith South China Sea [J]. The Raffles Bulletin of Zoology, 2000,
(Eds.), Marine Conservation and Research in the Coral 8(Supplement): 569—667
Triangle: The Wakatobi National Park. Nova Publishers. [30] Ramesh R, Nammalwar P. Database on coastal information
New York. 2010, 101—126 of Tamilnadu [M]. Institute for Ocean Management Anna

[27] Satapoomin U, Randall J E. Plectorhinchus macrospilus, a University Chennal-600 025. 2008, 1—132
new species of thicklip (Perciformes Haemulidae) from the [31] Shao K T, Ho HC, Lin P L, et al. A checklist of the fishes of
Andaman Sea off southestern Thailand [J]. Phuket Marine southern Taiwan, Northern South China Sea [J]. The Raffles
Biological Center Research Bulletin, 2000, 63: 9—16 Bulletin of Zoology, 2008, 19(Supplement): 233—171

THE DNA BARCODING, CLASSIFICATION, AND PHYLOGENY OF
INDO-WESTERN PACIFIC PLECTORHYNCHINAE

LIANG Ri-Shen, TAN Jia-Yu, LIANG Zhi-Gang, XUE Tao, FANG Hao-Hang and WU Zao-He
(College of Life Science, Zhongkai University of Agriculture and Engineering, Guangzhou 510225, China)

Abstract: To explore whether CO I sequences could be used as the DNA barcodes in the identification of Plec-
torhynchinae species, we analyzed the 651 bp CO [ sequences from 51 individuals of 18 Plectorhynchinae fish in this
study. The genetic distances between and within species were calculated using MEGA 5.0, and the molecular phyloge-
netic trees were constructed using the maximum likelihood and Bayesian inference methods. The results showed that the
average inter-species genetic distance (0.142) was 47 times higher than the average intra-species genetic distance
(0.003). All the interspecies genetic distances were larger than the minimum value 0.020 (2%) suggested by Hebert for
the species identification. In the molecular phylogenetic trees, each individual of the same species could form an inde-
pendent monophyletic group, indicating that CO I could be potentially used as an effective barcode gene in the rapid
and accurate identification of Plectorhynchinae species. According to the genetic distance values, we found that two
Plectorhinchus species, P. orientalis and P. vittatus which were conventionally regarded as synonyms, could be actually
two distinct species because of their large CO I genetic variations (0.070). The average genetic distance between Dia-
gramma and Plectorhinchus was lower than the values of intra-Plectorhinchus species, which implied that the genetic
variation between Diagramma and Plectorhinchus might be below the significant level. This supported the notion that

Diagramma could be classified into the Plectorhinchus genus.

Key words: DNA barcodes; CO [ gene; Plectorhynchinae; Phylogeny



