PO A BB 2 DNAZTUIE K5y F RGBT 5T

FHE BEAF AR I Bk FhE BRZ K& R

DNA BARCODING AND MOLECULAR PHYLOGENETIC RELATIONSHIPS OF EPINEPHELUS SPECIES FROM
WESTERN PACIFIC COASTAL AREAS

LIANG Ri-Shen, TANG Feng—Shou, HE Hao—Bin, WANG Jian, LI Jiang—Tao, LI Qing—Qing, CHEN Yi-Zhi, LIN Li, ZHANG Kai

FELR [ View online: https://doi.org/10.7541/2021.2020.080

TR BERRNAR  HAd S

Articles you may be interested in

ST IEDNAZ ATEAS B g 10 2 SRR
INVESTIGATING THE FISH DIVERSITY IN ERHAI LAKE BASED ON ENVIRONMENTAL DNA METABARCODING
IKAEAEP)24H. 2020, 44(5): 1080-1086  hitps://doi.org/10.7541/2020.125

DNA IS LEIR K L 38 v A B FH A —3E T ER Bk R

EVALUATING DNA BARCODE MARKERS FOR FRESHWATER RED ALGAE: A CASE STUDY USING FAMILY
BATRACHOSPERMACEAE

IKAEAEYIAAR. 2017, 41(3): 643-651  https://doi.org/10.7541/2017.82

RV PEIE LR AR S D I 7 B S AR S A
ANALYSIS OF COMPLETE MITOCHONDRIAL GENOME SEQUENCES OF GADUS MACROCEPHALUS
IKAA AR 2019, 43(1): 17-26  https://doi.org/10.7541/2019.003

RVH A B L2 B R A A B DN v b M 3Rk 4
MOLECULAR CLONING AND EXPRESSION ANALYSIS OF L-AMINO ACID OXIDASE IN GROUPER (EPINEPHELUS
COIOIDES)

IKAE A H2A4R. 2020, 44(2): 303-309  hitps:/doi.org/10.7541/2020.037
WL R LA S b B R 2800 T REKE b

MORPHOLOGICAL DESCRIPTION OF SILLAGO SPECIES IN THE COASTAL WATERS OF ZHEJIANG AND PHYLOGENETIC
ANALYSIS OF SILLAGO SPECIES IN CHINA

IKAEAEW)2AR. 2018, 42(1): 99-105  hitps:/doi.org/10.7541/2018.013
T VA AE £ 7 T A E o JE ) S

THE TAXONOMIC POSITION OF CAUSATIVE AGENT OF ENTERIC MICROSPORIDIOSIS OF HATCHERY-BRED JUVENILE
GROUPER, EPINEPHELUS SPP., CULTURED IN THE AREA OFF COAST OF SOUTH CHINA SEA

IKA AR 2018, 42(5): 942-949  https://doi.org/10.7541/2018.116



http://ssswxb.ihb.ac.cn/article/doi/10.7541/2021.2020.080
http://ssswxb.ihb.ac.cn/article/doi/10.7541/2021.2020.080
http://ssswxb.ihb.ac.cn/article/doi/10.7541/2020.125
http://ssswxb.ihb.ac.cn/article/doi/10.7541/2017.82
http://ssswxb.ihb.ac.cn/article/doi/10.7541/2019.003
http://ssswxb.ihb.ac.cn/article/doi/10.7541/2020.037
http://ssswxb.ihb.ac.cn/article/doi/10.7541/2018.013
http://ssswxb.ihb.ac.cn/article/doi/10.7541/2018.116

KHEMAG AT, PAFH LN E



KE A& Y R
ACTA HYDROBIOLOGICA SINICA

F4s L F 4

2021 £ 7 A July,

doi: 10.7541/2021.2020.080

FA TS O AR A XDNARIBE S T RGH L5

7 \0/——\'1 1 J \_~1 N 1 ~ N 1 N N 1
RHE BFEHE fER E @ FTILE FHEE
v 2 1 1
Bikz™ A & K Bl
(1. fiE R TR 2B R R 240, | AR B KRB 5K fh 2 & TREAM O, | REKE @ REREE SRR,
JPM T K PR K B SR S s s, N 510225 2. RYITT B4R A SERLEOT R G BR A, RV 518052)

FHE: WAL RE T 40 A0 T V8 RSP 5 g () 3 S Fh A B 0 g 0 SR 3L 142 MR R RAR BRI CO T K AZ K TMO-
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FIIFH Cyt b3E IR 43 #7135 1T 520 43 o A B £ g £ 28
REGHk F; RGN T Cyt bJE R 44T R i
10F A B o Jg 2R M- KRR R . H LRIFR &
BT B S8 B A R TT TR G o A B £ R
(PRI, A0t 7 P A B £ 1) VR4 R G Ak ok
R FIEAFAE—E D H o

DNA% % (DNA Barcoding) £ A & il it — />
PR H 2 K FIDNA T 5153 B i 34790 Fh 4 5E 11
FiR, € RETE D T KF LR Th X 4> Wb, AYHh oy
SRR —Fh bl A R g il L ek
IR R LR R C HAET A T (CoT)
FE R 55— B B2 N 648 bp H A B, 78 1 W14 £ 1
Foh LI UE AT VE VR 2 1 25 S I DNA S Y
B . WiPereiraZE R CO 1 & TEHL 515 57 #4
15 X 1254 Pk KB IRHEAT o 74 e, Hd252 fh
1 REBIEIN X 4, FE 8 234N B e b, Tkt
F T DNAZEIE AL F ARG 19 2 3 R 2= 4,90 1)
W, SR\ AMIA A LRk Co 1 FoME R
217, Th % e f RS H 148198 205 (& %1 H
2. TMO-4CA5E—/ 548 DLIAZ L ], ol A2
5B AtitinH AL, 5 VLR 3E e S5k J16A K8,
52 ¥ Hi Streelman 1K arl" 4> 25, H i E 432 T
mRMARGERETR Rk T L R KS
W IE) B, 11 R TMO-4CARRiC3EAT 125 R Gt
AT AR e R %R Co T FTMO-
4CAIE, &R ADNA 5 DNAVRICHZ &, L
IIMTPE AR T PE3S P A0 T RE KRR, [N
PRITCO T B RTE A Bt 8 P Fh 71 % 5 1A 3,
PRV B A0 JE 43 8 LR R K PR R e
HEorFAKPAR R -

1 #RERZE

1.1 HMmRE

A7 B 0 2R RE T 2018—201 9 AE [ )
R MR, R A A U S I X R K PR T 3
WP S AT BT AN R AL, A PR T35
T E[REJE P RN S P KPR R . i
JE FEIRAS A BE R B SRR 3SR 142 MR SR
HEFFAME (Grouper of the World) "', (i [E f
KRR PR (BmmkE) VS EEsRE
BT YIS RS ST A IR B % T
95% B AG il e, T i i = S B 4L DNA 1) #2
B, ABEEFEN MR ERIFENE 1.
1.2 S2EFZEDNAKIZEN

HW 2950 mg P i 52 1 FE S L 21, R sh i
ZIDNASRHUR & RAR AR R A F), $4%

UL BT R . AR PRI S L R ZHDNA
MR T 100 pL oK B 2848 K, B IKAS I, —20°C f£ 7%
%H.
1.3 PCRI HEF0M

AR SR B BN kiR CO T K 5
BHER TMO-4C4. 75 3CHA[20], iE£: 38 CO 1 £
R A BHE I 5148 CO 1 -F1: 5'-TCAACYAATCA
YAAAGATATYGGCAC-3'F1CO | -R1: 5-ACTTCYG
GGTGRCCRAARAATCA-3'. # ¥ TMO-4CARE A
Fr BB N TMO-4C4-F1: 5'-GAAAAGAGT
GTTTGAAAATGA-3'HITMO-4C4-R1: 5'-CATC
GTGCTCCTGGGTGACAAAGT-3""", PCRJZ Sk
RTINS0 pL, HHEFEPCR Mix MR A
(RARAABHEE R A TD25 pL. K 2818/K21 L.
ERWEGIY(10 pmol/L) &1 pL. DNAFE 2 L.
PCR % W 264 494 °C T AE 14 Smin, 94°C A £30s,
55°CiE k30s, 72°C #EH 1min, B E3SMEIF, & Ja
72°C FEZE{H 5Smin. PCRF=4) FH 1% 35 g W e i L vik
R, i [R5 3% R — 2 A= 0 AR A BR A =] XL
EN)EN
14 BUBSHGE

W2 457 %1)3Z F BioBdit B A & 7 51 45 B
I 4 Bl e i B BT N LRIE, R A4 NCBIK
Blastn T H AT AHAL AR 2R, 5610 75 51 1 44 7 12
FI FH Clustal W 02 47 HEFE HX, 2245 B3 TU &
F7 A, £33 — BUF AT 5 8 o dr ik 5. R A
MEGA 7.0" i+ 5 FE A IR E ALk . 5 97 4
Bl . AR AR SRS AL R B 3 T Kimura-
2-Parameter B AN 505 . R Gub A (1)) 2%
B3 KALER TS B DU 792, DA B i ST ARk 1) 8 e g
bt R AN ETE, FIFjModel Test 2.1.53F1T ¢
FEBEA BT TN, B AR ZERAXML 8.0 4%
PR SE RR, 73 S LA FE R P B A ol T ik,
HE MBI RECN10007K . UL -3 32: 4 B 7E Mr
Bayes 3.1.2 5 hr 52 i, BEHLIZEBURGG R, T4
100000018, BUFEAC K100, R G S ESE
H Ji5 30 A% % (Posterior probabilities)$2 it .

2 #£R

2.1 FHUEHES

PRI 35F 142 A B AR CO T 751 [H)
U5 A B N636 bp, FIFIMEGA 7.0%% 470 4 vl &1, 7
i AL T GHIC B -F 35 & & 40 5 N24.4%-
29.9%- 17.8%F127.9%, HH A+T & #(54.3%)
T GH+C 5 (45.7%), WiG2 12N R IR, Tl ILTE
N8R . TE 636 bpdmtt /7 51| v, 45155 1 745
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WESEZERAKR, HPG-1(30.0%) A, T-1
(18%) B fi%; MY T 252407, T-2 &5 §(42.0%) 5 =, 1
BT AR IE, A-2(15.1%) A%, FH 15
IRLHT-3. A-3FIC-3 =Pl & B AH 2 A K, 1 G-3
FERKE.9%), KILH A B MR G fhfi. £ G+C
R, B TE 1A GHC HE(55.9%) & T2
2RIZE3NL(42.5%, 38.7%). MLAh, TEKE N 636 bp
FPAH, B AN RRE, O A5 403 1N(63.4%), A8 5
7 5 233(36.6%), TEI£11HEAS BA7 AL 205 (32.2%).
TETMO-4CAFE R o, [R5 T 5119486 bp, 4t
162N KW . BFEA. T GRICFHSED A
28.2%- 25.1%- 27.1%H119.6%, A+T 2 &(53.3%)
TG+ C(46.7%) . BT 5515 20 4Pk
BERE K, 1781005 B & NG-1
(43.0%), HfKSEC-1(14.2%), Z0Y T 5207 Bt = Fe A-

2(37.6%), TAKAEG-2(9.6%), W &1 R GImf . M
BN TR 3ALAFP I B AR N, BTE
20%—30%. 7 HIHIER AL 5 4434N(67.5%), 2 5
£ Fi4341N(32.5%), fai 29115 BAL 231~ (18.6%)
5cCo 1 BEH L, TMO-4CAR: N 7 FIR 5, 28 AL
HMECTARTCO T IR, PyFial 751 2 J RN .

3 T Kimura 2-Parameter #28+EHCco 1 5
TMO-4CA3E N 7 5 5 e 5 B e 2 LLAE 53 9 N
4.104F12.772, P HE R SR 4 B B K T-Fide . 3 4b, ik
FDAMBET A5 CO 1 5 TMO-4CAKE R 3 5
e RAZE AN W o FRYE 2> BT BT A I, BE A 8
FEPE B IR, et 5 A 35 B R s g i 35, %
P 358 0 1) SRR T B 3G N R, BoRCo T
TMO-4CAREE I3 AR FEAF AN, v F T g S2iE b i 1
. BAN IR CO 1 5TMO-4CARE N 75 #%

®1 MBI EFIRE

Tab. 1 Species and localities of experimental samples
=% 7 =)
J&Genera M Species KFEHN 55 Localities Nﬁﬂr[n%er J&Genera FSpecies fo tialij%eﬁs Nﬁ)r(n %er
AR IR ABE A AR R 6 ViV e %l TRTM 5
Epinephelus Epinephelus akaara FE R E N Epinephelus maculatus WYL YT
S ARG ENEYEYRIAN 3 R EARA IRk 4
Epinephelus amblycephalus I RGN Epinephelus malabaricus A VR
EAAPMA - I B B Ul Sy
Epinephelus areolatus IR R 4 Epinephelus merra JEARRYI T 5
HAPE T AR BHL 6 O P ] AR 5
Epinephelus awoara . KA Epinephelus moara RIS
A A B S A B .
Epinephelus bilobatus BRI 2 Epinephelus morrhua AR AR L 2
mIRAB A 2R BT 5 AR AP gEfRE. RFEE 3
Epinephelus bleekeri AR Epinephelus multinotatus Ve
84 B IR, SR AP Eoie sl
Epinephelus bruneus BRI 4 Epinephelus ongus YL RISk 4
pess e
AR S R -
Epinephelus chlorostigma AR 5 2 Epmephehfs IR BT 4
polyphekadion
ﬁ/lﬁ;EI}}_@ > =t ‘ vH Y NITR S
Epinephelus A 2 E| ineﬂt}fleglﬁﬁa% anus ri{:'%éjt{‘;)fllh%’ 6
coeruleopunctatus pinep quoy HAE
A Bt I HREII 6 A ABE A PR 2
Epinephelus coioides BHIT. /84 Epinephelus rivulatus G
WA B - WIBE A BE g
Epinephelus corallicola PRI R 3 Epinephelus spilotoceps S 3
ML ’ N R ey N PO
Epinephelus cyanopodus R 4 Epinephelus stictus TN 3
XA BE A SN YR 5 [EXaps IR, 3
Epinephelus diacanthus Bl a0 Epinephelus tauvina W =0
INEABE - “IATEA JZRT M
Epinephelus epistictus AR 3 Epinephelus trimaculatus BT 5
MEABE A N e S B o
Epinephelus TR PBHYL 5 m_%’jiﬁiﬁﬁi_ RN 3
fasciatomaculosus RES Epinephelus tukula AR AR L
i AP JUARTI S R 5 WECH B ENEFEVITRIAN 3
Epinephelus fasciatus AR Epinephelus undulosus o [E F ik
AR M TR M 6 SRR b W e A g PG |
Epinephelus fuscoguttatus sk Plectropomus Plectropomus areolatus -
B A B TR, 4 5 4 8 o PR 1
Epinephelus lanceolatus WERLY Plectropomus leopardus AR
WA

AR L 3

Epinephelus latifasciatus
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T ERF 348 S B ML (F 2). fECO 1 E T, A8 [F 55
TN H8555, BT Rg AL 6 63, Bl L 4 18;
TMO-4C 4% R AR [F) A8 2 0P 214794, 53l 2R 5%
SA, BB I 0T 24 o R e 5 A 2 AR
3EM T IR Z (£ 2). XA SHEIETHINA
A B S ¥ AN B i R R R SR, T A 1RER 2
LB 75 5 5| I E IR R AR L

FIFIMEGA 7.03% T Kimura 2-parameterf5 1 i1
HHI3SF A BEA.CO | 5 TMO-4CARN N 5 Fh a1 4%
FEES. 7ECO T B, BrLAERE, /35 A Bt fh
rhr, Fib PN A% E 25 50.000—0.008, HeHb A B £
b N A% B B Aok, 90.008, R RIS Bt 5
B AP, 2°50.006, FAdFP S Fh Py I8 44 B B3 AN
KT0.005, 1351544 FE B5 590.0027, 23K T Hebert
2t U B 22 1) A o 6 5 A /I R 1) 36t 4% B 90,020
(2%) . 35F0 4 BT J& f0 25 i [R] ~F 35 38 4% B 35 R
0.144, 2 N - 238t 44 PE 55 114845, FLrp R fa) itk 4%
PE B i R I A B 55 X S04 B £41(0.202), IR
S HLUA BT 5 5 50 BEF(0.200); RN AL BE B
/NN SUA BE A 5 38 BEA.(0.027), FLUGE R
A B85 b A BE £(0.036), 33k F Hebert!
W RE FRh B] 384 R B 2% iR 2 7. IXRIHCO |
FE R AT DAY T X 23 B £ & AN [R) 4 o

TETMO-4CAR R 1, 183 4% 5 59 720.000—0.030,
SRR R B N0.015, AT FIAZ SR R TMO-4CALL 2
PR CO T RFIRZ, BLFE B i KIE R A
B0 0 B 2 17)(0.032), FLVGR M SUA PE
55857 A B £4.(0.029); 1845 FE B £ /ME N0.000,
YRR AR E R, WA s aUh B,
R A B A PR U B, S B S R
S, TMO-4CAJF T3R5, 1fERG R ARIE
I PR b 1) A7 A (1) 3% 22 S Al s, B2 VR X 4y
YR

F£ 2 COI1 5TMO-4CAEE F ER T B R FEi 3

Tab. 2 Numbers of transition and transversion of CO I and
TMO-4C4 gene sequences
£ HIT G AR R PR XS SO

7 /5 Numbers Identical Transitional Transversio-

Gene Codon sites of base  pairs (ii)  pairs (si) nal pairs (sv)
Col PFrEfisl 636 555 63 18
Isthipi 212 206 6 0
2ndfii s 212 212 0 0
rdfiim 212 137 57 18
TMO- FiFfis 486 479 5 2
Ot 162 161 1 0
2ndfifl 162 161 0 1
3rdfi &% 162 156 4 1

22 PDFRGHU KRS

HTFCOT. TMO-4CAFICO 1 +TMO-4CABLE
73, DA ok o o v 2 R o 1 Dy A S R AT
g . AR BEjModel Test 2. 15T, 3Fh 7 41l i
R R B AR NGTR + G + I, 2GR A
P KA AR B DL ik fb g ik b A M e . B b
75 38 -2 Fh 7 A 2 A AL AT A O, B R
F5 1553 B A ER R AL BRI S RE 2 K DU vk I 56 Ak
FE 1. B2 3), HFETFCol+TMO-
4CATRA B\ A B HE A 559 5 SRR I I B MR
SRAT KT BT, POl o AT H RS b, X B 32 A
XFCO 1 +TMO-4CABES 7 5K 2 1 R Geidt A b gk
78T LEREER b, [R) Bl B F AN [ AN A 2 RE SR
TE—2, TR RO A B Y B R A>3 ST/ MAFE
R, R T — — B, W I
AT 35 Fh A B o b (8] SRR G R, R B £ 5
WRE S AMARL . 35040 Bt K 3000 RS KSR, 2K
BE T ER 4 5 A B I A A BE A 55 22 P A BE £ 3R
B, 2RE TT F A A B £ N A5 B £ 25 1 3 B
AR PR SR 400 R BRI A B 1 SR
BR8Ny S, SRS R AR A b DL SRR R
FU R FN, Gngh S Pt S5 IERA A B M. A A BT
5T AP, mAFARAE /NS AR, W
HAOWE S A a . S8R a 5 A%
. R AR SR AP AL,
3 g
31 COol FAEAMERESLMTTITH

ATART R, CO 1 FERNAEVFL 2 F ek
IOAE AT VR J9 % 58 AR HEDNA ST 531, A A5 2% X
Sy, HRTE RS s e m R,
i O 2 e R 0 2 I IRAIECO T R
TR BIRAERE 51 Hebert25! X6 114N
13320 Cco 1 4 M 18 B R B
CO 1 AL HE B AN T 2%, RN T, A
CO 1 7546 %04 72 Wi ) B 2 P[] 36 A% P 25 0
TRT MWL E 10650, Lo AW FER35M A
BE A AL 142N R FE L, Bl P S AR BE RS
0.003, Ffi[i] P35 38 4% BE 29 40.143, B E) P 2538 4% BE
2l A S R A B 147, 3 kT Hebert 251
PR RI0fE 278 FAk, AP 28R N sE
BE 35 50.000—0.008, ¥ T HebertZs ! I HE# 11
0.020(2%) 1 9Tl 4 78 f /N I8 A% 25 5 P () g2 4%
FEES40.030—0.202, 375 1-0.020(2%) (1115 FHE, #¥
PRI . W ILCO T JE R 70 A B & 251 2 1
RS, THENA MDNAK L EE R, X 5y
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B £ JF I FR A R A AR E o R R I8 WARERME, B —
32 ETDNA ZHBFIINAREEELXXRZN T REM. ETCO1 KTMO-4CAR: R H ML £

AP E AP AR PR R R 2 1 — AN, Guit AL, 3SAABE IR AT . X5 T
TR E AT 40 R T, KB R3S, B AT H /e 16S rRNAFNHE AT 2R Fl Cyt bt 2

96/0.99 A BE . E. cyanopodus (n=4)
771092 kBTt E. multinotatus (n=3)

68/0'§|7 WECA B E. chlorostigma (n=2)

100/1.00 EAAWMA E. areolatus (n=4)

59/0.80 AP E. undulosus (n=3)
76/0.90 I ABEt E. bleekeri (n=5)

El

100/1.00 B ABE . E. bilobatus (n=2)
e { 1L AR E. maculatus (n=5)
74/0.87 BSAYE E. amblycephalus (n=3)
4{— FEilEAYEf E. stictus (n=5)

97/1.00
Wik AP E. diacanthus (n=5) I
SR 730088 ———— fRARE . E. akaara (n=6)

81/0.96 : HAHM E awoara (n=6)
76/0.92 WHEAW A E. fasciatomaculosus (n=5)
HIEA P E. quoyanus (n=6)

95/02‘
o 100/1.00 =AM E. trimaculatus (n=5)
T A AR E. rivulatus (n=2)

94/1.00 WBE A BE £ E. spilotoceps (n=3)
80/- 4:61?}@ E. tauvina (n=5)
#5/3 BB A E. fasciatus (n=5)
W OB E. merra (n=5)

100/1.00 [ /ML E. epistictus (n=3)
MRS E. morrhua (n=2)

98/1.00 w5 AN E. coeruleopunctatus (n=2)
| 81/0.99 { WAL E. corallicola (n=5)
0601 70075 LUk A BEfA E. ongus (n=4)
E/KABL . E. polyphekadion (n=4)
A Bt E. lanceolatus (n=4)
A E. fuscoguttatus (n=6)
S ABEM E. bruneus (n=4)
=ECABE L E. moara (n=5)
Y\ AL E. latifasciatus (n=3)
WK KBEABE . E. tukula (n=3)

76/- 417—%%631@ E. coioides (n=6)
100/1.00 O B ABE . E. malabaricus (n=4)

100/1.00] W RS P. areolatus
FILC Bkt P. leopardus

66/0.

88/0.97
63/0.60

57/-

0.02
1 35F R RIET CO T PR SRR S T A 40 T R G EAL
Fig. 1 Molecular phylogenetic trees of 35 Epinephelus fish based on CO | sequences constructed by maximum likelihood and Bayesian

inference method
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Fig. 2 Molecular phylogenetic trees of 35 Epinephelus fish based on TMO-4C4 sequences constructed by maximum likelihood and

Bayesian inference method
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likelihood and Bayesian inference method



858 K& A& Y ¥ 45 %

IR N AR IR 2% . RGHELRY b U BE
S5 AR A EE RN, KA+ oL, HH
AN AS AR BB SR BRI I A B R 3,
A SUCRELE I, B IR 2K B e A 3
[ R S N R i S DN S N
A2 G B F R A B £ 2 B 8 2 A SR ST )
Py, A R R4

Ry A BE A5 E B BE A (Y AT A BE
)75 70 28 WK IAFETE S S TRE, 1T I 5T
T AE AT RO B fR LR S A e 0, (o
HERRGEMRY B b E w250 55457 4
) UNE IR S A B — . TiHeemstraZg'
MR e |1 B BB 22 R A B S DR B
BE L E 2 AR, AT R (Bl mk
B RIS A E A, Mg g K5 s R
R AP S AP A X . (H T R
fRRBE S S SOL T AL, B ATV 2 ORI
Tl B F A SRATFAE AR S, 7 7K P2 FRBE A 72 v o 2 A
HIRVE, AR SRR L. A RS A
P 5k B AR A COo T F R AL FE 2 80.036,
KT Hebert5" 5 5E 192% I FLAE, 184% 4341 31 o
K. fEBELA b, P93 2 TR i ik 43 =2, 15
Tt P AN [R) AR AR SR T RS IR0 R B0 2R 0y S, S
FERUT Tl

TE RGO I, 80 A B DU i F) S
RS B U IR 53 2, Q0 sS40 B 5 S A A B £
H AR A5 S AP, WA 6 S EAK
fo, HOTABLA S A B, LRI S BT
F AR LR T ASUFAE, AR BESURIA e 3y Ak
i, A b A S RSP g s
BEfh 50 R B B R, RAERE, FEIX
S 2 A B B AT B N B R, T AR
BT HRE . 6 BEA T3 0 SRR <
TR, %5 IRE, WA ER AR E RS a
BEMILR. A AR 6E 510505 LU
AEALL, P33 A SRR s, B PR AT A A% A B (BT A,
RO KT PPIRAESL, 15 8 5553 2 A A]
BESL, B ) 8 A B T g S — 2 BUIE
Ay, e s AP Ra . IR A S EABE
AR IR O, WA 2 IR AR, Gih5%
8 $5) S AT A E /N B s, AT B B 0 (R, ) B
FPE B A% AT . 5 A B S A B
R, Sk, RAUEK, REEF T, % A Bt
B R EL AN R B, IR F B e L PR B
TE5 TP b, 8053 A AHIF 7844 288 1 A0 B £ 0 ) 4
T R G A At T % 3 B B 0 A7 AE B0 R SR %

K F, B S g~ AR, 1
CO 1 BALFEE b, 0 A Bt 5 AR A BEH(0.044).
HE A B 518 5 A BEF(0.056). WIBEABEAE S E
APEA(0.046) 7 55 A7 BE 5 3 47 B £42.(0.063)
HF L ) P 368 A% R S A0/, SR T B e ) P
PIBAE BE B5(0.144), R\ L2 A3 Ak e 2,
HPER BLE A 4 T a3 — B TS AR
R TP T . %45 B0 N8R A B
N IR, PG o R g IR RS K B,
EEXPIEAS AL ERE, 4569 T HE B, TR
S ST A B R SRR ) RO R

SE Hk:

[1] Heemstra P C, Randall J E. Groupers of the World [M].
Rome: FAO Species Catalogue, 1993: 1-356.

[2] Cheng Q T, Zheng B S. Systematic Synopsis of Chinese
Fishes [M]. Beijing: Science Press, 1987: 289-293. [k
&, . hE ARG R [M]. Jbat Bl o,
1987: 289-293.]

[3]1 ShenS J. Fishes of Taiwan [M]. Taipei: Department of
Zoology, Taiwan University Press, 1993: 287-293. [{LiH:
A BEERE ML &b 8B RFIWF R, 1993:
287-293.]

[4] Meng Q W. Systematics of Fishes [M]. Beijing: Chinese
Agricultural Press, 1995: 606-622. [ K [H. 13572
IM]. b3 A ER O H R, 1995: 606-622.]

[51 LiM D. Fish Txonomy [M]. Beijing: Ocean Press, 2011a:
184-186. [ZEWIfE. 38733757 [M]. dbat: M7 AL,
2011a: 184-186.]

[6] LiM D. The Taxonomy and Distribution Catalogue of
Chinese Fishes [M]. Beijing: Ocean Press, 2011b: 66-67.
(ZE I, [ 2R 28 oAl 44 5% (M. Jbat: i
JifAt, 2011b: 66-67.]

[71 Craig M T, Pondella D J, Franck J P, et al. On the status
of the Serranid fish genus Epinephelus: evidence for para-
phyly based upon 16S rDNA sequence [J]. Molecular
Phylogenetics and Evolution, 2001, 19(1): 121-130.

[8] Ding S X, Wang J, Wang Y H, et al. Molecular phylogene-
tic relationships of 30 grouper species in China Seas
based on /6S rDNA fragment sequences [J]. Acta Zoolo-
gica Sinica, 2006, 52(3): 504-513. [T /b, £%&, £
IL, 5. BT 16S rDNA R 7 7 FI R v [EHE 307 B
RIS T RGN R [J]. shP2:4k, 2006, 52(3):
504-513.]

[9] Zhuang X, Ding S X, Guo F, et al. Molecular phylogene-
tic relationships of grouper species in China Seas based
on cytochrome b gene sequence [J]. Science in China
Series C: Life Sciences, 2006, 36(1): 27-34. [[ L%, T />
M, F8F, 5. B T20 M0 o 3 o B Ry B AU 9
AR AR ARG KR (1], D ERACHE: AamEl,
2006, 36(1): 27-34.]


https://doi.org/10.3321/j.issn:0001-7302.2006.03.011
https://doi.org/10.3321/j.issn:0001-7302.2006.03.011

4 1

GEHRAR: VU T FEUT A7 P16 18 JSDNA SRR X 7 1 R GEREAL T 5T

859

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

Cheng X H, Guo L, Li M M, et al. The molecular phylo-
genetic relationships of 13 epinepheline species in coastal
provinces of China [J]. Acta Scientiarum Naturalium Uni-
versitatis Sunyatseni, 2014, 53(4): 123-130. [FRI47X, 5
gk, N, S5 R E B TR 3R A AR T R
G IR R T (3], AR R (E SRR RR), 2014,
53(4): 123-130.]

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, 2003,
270(1512): 313-322.

Hebert, P D N, Ratnasingham S, deWaard J R. Barcoding
animal life: cytochrome ¢ oxidase subunit 1 divergences
among closely related species [J]. Proceedings of the
Royal Society B-Biological Sciences, 2003(270): 596-599.
Pereira L H G, Hanner R, Foresti F, et al. Can DNA bar-
coding accurately discriminate mega diverse Neotropical
freshwater fish fauna [J]. BMC Genetics, 2013(14): 20.
Zhang N, Wu N, Guo H'Y, et al. DNA barcoding techno-
logy to identity spawn from the Jiangmen marine environ-
ment in summer [J]. Journal of Fishery Sciences of
China, 2018, 25(4): 721-727. [5KAf, S8, FEHERH, 55, B T
DNA 55 BRI 7 i 3O 2= 0 IR 0 4 5E [J].
HRE K AR, 2018, 25(4): 721-727.]

Streelman T J, Karl S A. Reconstructing labroid evolu-
tion with single-copy nuclear DNA [J]. Proceeding of the
Royal Society B-Biological Sciences, 1997(264): 1011-
1020.

Healy H, Norah S, Graham S, et al. Molecular phylogeny
and patterns of diversification in syngnathid fishes [J].
Molecular Phylogenetics and Evolution, 2016(107): 388-
403.

McCord C L, Westneat M W. Phylogenetic relationships
and the evolution of BMP4 in triggerfifishes 4 and filefi-
fishes (Balistoidea) [J]. Molecular Phylogenetics and
Evolution, 2016(94): 397-409.

Veneza I, Silva R D, Silva D D, et al. Multiloci analyses
suggest synonymy among Rhomboplites, Ocyurus and
Lutjanus and reveal the phylogenetic position of Lutjanus
alexandrei (Lutjanidae: Perciformes) [J]. Neotropical Ich-
thyology, 2019, 17(1): €180109.

Wang Y H. Molecular phylogenetic relationships of part
China Sea groupers [D]. Xiamen: Xiamen University,
2007: 1-64. [EFUL. H EITHEH AR AKD T R4
ST (D). EIT: B ITRE, 2007: 1-64.]

Ward R D, Zemlak T S, Innes B H, et al. DNA barcoding
Australia’s fish species [J]. Philosophical Transactions of
the Royal Society of London Series b-Biological Sciences,
2005(360): 1847-1857.

Thompson J D, Higgins D G, Gibson T J. CLUSIALW:
improving the sensitivity of progressive multiple se-
quence alignment through sequence weighting, position
specific gap penalties and weight matrix choice [J]. Nuc-

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

leic Acids Research, 1994, 22(22): 4673-4680.

Kumar S, Stecher G, Tamura K. MEGA7: Molecular
Evolutionary Genetics Analysis version 7.0 for bigger
datasets [J]. Molecular Biology and Evolution, 2016(33):
1870-1874.

Darriba D, Taboada G L, Doallo R, et al. jModelTest 2:
more models, new heuristics and parallel computing [J].
Nature Methods, 2012(9): 772.

Stamatakis A. RAXML version 8: A tool for phylogenetic
analysis and post-analysis of large phylogenies [J]. Bioin-
formatics, 2014, 30(9): 1312-1313.

Ronquist F, Teslenko M, Van Der Mark P, ef al. Mrbayes
3.2: Efficient Bayesian phylogenetic inference and model
choice across a large model space [J]. Systematic Biology,
2012(61): 539-542.

Xia X H. DAMBE7: New and improved tools for data
analysis in molecular biology and evolution [J]. Molecu-
lar Biology and Evolution, 2018, 35(6): 1550-1552.
Breman F C, Loix S, Jordaens K, ef al. Testing the poten-
tial of DNA barcoding in vertebrate radiations: the case of
the littoral cichlids (Pisces, Perciformes, Cichlidae) from
Lake Tanganyika [J]. Molecular Ecology Resources,
2016, 16(6): 1455-1464.

Huang Z Y. DNA barcoding analysis of partial species of
Cyprinid (Barbinae and Labeoninae) in China [D]. Jinan:
Jinan University, 2018: 8-17. [B{815%. #B47H [E fiff} (1
MR K B 65 WA BIDNA S TS 734t [D]. BEre: Bk
2, 2018: 8-17.]

Ding B B, Wang Y, Jiang Z H, et al. DNA barcoding ap-
plication to Sciaenidae [J]. Journal of Nuclear Agricultu-
ral Sciences, 2018, 32(4): 673-680. [ ] ¥etk, /8, %=
e, 55 A RN ZEDNAK RS FIREE [7]. 1%k
224k, 2018, 32(4): 673-680.]

Meng Y, Luo X Z, Liang H W, et al. Species identifica-
tion of DNA barcoding based on CO I gene sequences in
Bagridaecat fishes [J]. Journal of Fishery Sciences of
China, 2018, 25(4): 772-782. [#Z, & MK, B54E, 4.
KR CO T 5 R 5% WA A 5 ) #1048 5 v (1 L
F 0], " EIKFEREEE, 2018, 25(4): 772-782.]

Zhang C, Liu H P, Zhou J S, et al. Studies on identifica-
tion of Schizothoracinae population in Tibet water sys-
tem by DNA barcode [J]. Freshwater Fisheries, 2019,
49(1): 33-41. [FK5t, X1, JE B, 55, DNAZK LA
PE K FR RN 0 R 2R 5 E TP T AL (0], KL,
2019, 49(1): 33-41.]

Schoelinck C, Hinsinger D D, DettaiA, et al. A phylogen-
etic re-analysis of groupers with applications for Ciguat-
era fish poisoning [J]. PLoS One, 2014, 9(8): 1-15.

Froese R, Pauly D. FishBase. World Wide Web Electro-
nic Publication. www.fishbase.org, version (11/2019), 2019.
GuoM L, SuY Q, Chen X F, ef al. Comparative studies
on morphology of Epinephelus moara and E. bruneus [J].
Acta Oceanologica Sinica, 2008, 30(6): 106-114. [F5H


https://doi.org/10.3724/SP.J.1118.2018.17348
https://doi.org/10.11869/j.issn.100-8551.2018.04.0673
https://doi.org/10.11869/j.issn.100-8551.2018.04.0673
https://doi.org/10.3724/SP.J.1118.2018.18036
https://doi.org/10.3969/j.issn.1000-6907.2019.01.006
http://www.fishbase.org
https://doi.org/10.3724/SP.J.1118.2018.17348
https://doi.org/10.11869/j.issn.100-8551.2018.04.0673
https://doi.org/10.11869/j.issn.100-8551.2018.04.0673
https://doi.org/10.3724/SP.J.1118.2018.18036
https://doi.org/10.3969/j.issn.1000-6907.2019.01.006
http://www.fishbase.org

860 K& A& Y ¥ 45 %

=, kA, BRIRIE, 5. maUa A 5 a R anst Ocean [M]. Tokyo: Japan Marine Fishery Resource Re-
BEWFAT (0], SRR (P STAR), 2008, 30(6): 106-114.] search Center, 1977: 392.

[35] LiuM, LiJ L, Ding S X, et al. Epinephelus moara: a va- [38] Randall, J E, Allen G R, Steene R C. Fishes of the Great
lid species of the family Epinephelidae (Pisces: Perci- Barrier Reef and Coral Sea [M]. Second Edition. Craw-
formes) [J]. Journal of Fish Biology, 2013, 82(5): 1684- ford House Publishing Pty Ltd. Bathurst, NSW, Australia.
1699. 1997: 557.

[36] Yan M K, Craig M T. An Inconvenient monophyly: an [39] Ma K Y, Craig M T, Choat J H, ef al. The historical
update on the taxonomy of the groupers (Epinephelidae) biogeography of groupers: clade diversification patterns
[J]. Copeia, 2018, 106(3): 443-456. and processes [J]. Molecular Phylogenetics and Evolu-

[37]1 Kyushin K, Amaoka K, Nakaya K, et al. Fishes of Indian tion, 2016, 9(8): 1-15.

DNA BARCODING AND MOLECULAR PHYLOGENETIC RELATIONSHIPS OF
EPINEPHELUS SPECIES FROM WESTERN PACIFIC COASTAL AREAS

LIANG Ri-Shen', TANG Feng-Shou', HE Hao-Bin', WANG Jian', LI Jiang-Tao', LI Qing-Qing
CHEN Yi-Zhi’, LIN Li' and ZHANG Kai'
(1. Guangdong Provincial Water Environment and Aquatic Products Security Engineering Technology Research Center, Guangdong
Province Key Laboratory of Waterfowl Healthy Breeding, Guangzhou Key Laboratory of Aquatic Animal Diseases and Waterfowl

Breeding, College of Animal Science and Technology, Zhongkai University of Agriculture and Engineering, Guangzhou 510225,
China; 2. Shenzhen Levi Fresh Technology Development Co., Ltd, Shenzhen 518052, China)

Abstract: To analyze the molecular systematic and phylogenetic relationships of Epinephelus fish, mitochondrial CO [
and nuclear TMO-4C4 gene sequences from 142 samples of 35 Epinephelus species collected from Western Pacific
coastal areas were determined. Inter-species and intra-species genetic distances were calculated using MEGA 7.0 and
the molecular phylogenetic trees were constructed using maximum likelihood and Bayesian inference methods. The
availability of using CO [ sequences as DNA barcodes to identify Epinephelus species were also investigated. The re-
sults showed that the homologous CO I sequences of 35 species were 739 bp, encoding 243 amino acids and the ho-
mologous TMO-4C4 sequences were 486 bp, encoding 162 amino acids. In the CO I gene sequences, the inter-species
genetic distances among 35 groupers were between 0.030—0.202 and the average distance was 0.143, which was grea-
ter than the minimum species identification value 0.200 suggested by Hebert. The genetic distances of intra-species
were between 0.000—0.008, with an average of 0.003. The average inter-species value (0.143) was 48 times larger than
that of intra-species one (0.003), indicating that CO I may be used as an effective barcode gene for accurate identifica-
tion in Epinephelus species. In the molecular phylogenetic trees constructed by CO I and TMO-4C4 sequences, 35 Epi-
nephelus species formed two major clades. Clade I comprised of 22 species including Epinephelus cyanopodus, Epi-
nephelus multinotatus, etc; Clade I comprised of 13 species including Epinephelus morrhua, Epinephelus epistictus
etc. Certain pairs of groupers like E. cyanopodus/E. multinotatus, E. morrhua/E. epistictus, Epinephelus bilobatus/Epi-
nephelus maculates, Epinephelus coeruleopunctatus/Epinephelus corallicola, Epinephelus moara/Epinephelus bruneus,
Epinephelus coioides/Epinephelus malabaricus were tightly clustered into sister species with high support values in the
phylogenetic tree. Basing on the sequence divergences and phylogenetic analyses of the CO I and TMO-4C4 gene,
great genetic differences were found between the species: E. moara/E. bruneus and E. coioides/E. malabaricus which
were confronted with synonymous controversies. This results supported the viewpoints of recent morphological studies
that E. moara/E. bruneus and E. coioides/E. malabaricus weredistinct species and should not be placed as synonym.
This study provides molecular evidence to clarify the classificational controversy and to accurately identify Epinephe-
lus species.

Key words: Epinephelus; DNA Barcoding; CO [ gene; TMO-4C4; Phylogeny



