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Molecular Biological Species Identification of Imported Groupers
(Epinephelus moara Q@ xE. lanceolatus )

Yong Hwi Kim, Jong Yeon Park, Jaec Hoon Kim and In-Chul Bang*
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To classify a presumed hybrid of imported grouper species acquired from the National Fishery Products Quality
Management Service, maternal and paternal lines were identified based on partial sequencing of mitochondrial cy-
tochrome c oxidase 1 (col) and nuclear recombination activation gene 1 (ragl) genes. The matrilineal species was
identified as Epinephleus moara by a partial (760 bp) col sequence. Ambiguous sequences with base pairs belonging
to E. moara or E. lanceolatus were found in a total of 15 different base pairs in the partial 1,159 bp of the ragl gene,
and the patrilineal species was found to be E. lanceolatus. Therefore, all of the groupers examined in the study were
identified to be hybrids of E. moara and E. lanceolatus. In addition, a fast and convenient method using random am-
plification of polymorphic DNA (RAPD) was established for hybrid discrimination. Hybrids between E. moara § and
E. lanceolatus & were identified through specific bands of 387 bp and 433 bp in PRIMER 6.
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ul2] Th(family Serranidae) o157+ 2 A|A|o] Sofx} 734 522
Zo] Birslal 9Jth(Eschmeyer et al., 2010; Myoung et al.,
2013). =8 FEA G2 QU E-eHF Ao ¢hx W 4HT % A
g2 a4 2 er(Kimetal., 2014, Tahiretal., 2018), Z15-9F
eyt sl ol A= 12521 -2 714(Genus Epinephelus) ©1
S7FRESIA Q= Ao 2 7|25 o] 9] 2 L(Kim et al., 2005),
HE AFE Aot 9 migfe Ko A thEule|(E. areolatus),
Hul2|(E. lanceolatus), v}etale](E. radiatus) 5°] 3712
gRlxfo] AA71A] oF 15F0] RAESFIL Q= AR 7| F 5o
QItH(Kim and Song, 2010; Myoung et al., 2013; Han et al.,
2014). E3E, vpe] 1} of 7] A Al A FAAY A 220174
2 7|20 183989E-2 7|25 9lon, o] Z2]= 20109

~

9,692} H| 1w 5HH 230%2] w9 7}kE F7}
& 71= (FAO, 2017). 53], vl o7 Fol A= 3
24 ol 550w 2| 2K ] 24l ofjel kg0 2
75 WAL Qlo], AR 8 A QAR QA EL
Qlom, AHH}2|(E. moara)E W)551o] #HI2|(E. akaara), 1<+
HI2|(E. lanceolatus), 22 7v}e|(E. fuscoguttatus), A5+
vl2|(E. coioides), §7|S74v}2|(E. malabaricus), WL T4}
2|(E. tauvina), WABIE|(E. striatus) 5-0] 12540 A3}
1! QJtk(Govindaraju and Jayasankar, 2004; Tian et al., 2017).
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ot 7ke] E(E. coioides X E. lanceolatus) 5 18] 352
AJAFs|o] QFAlQdof o]-8-5lal Qlck(Kiriyakit et al., 2011; Kim
et al., 2014; Lim et al., 2016; Tang, 2018; Kim et al., 2020).
53], Ble| o 759 A5 dRolA FeEA R Fegt
F 5740] o2& A S Wizl Qlo], m|EF =2 oF DNA
9 3 DNAS] 4%} 243 RAPD (random amplification of
polymorphic DNA) PCR band £4] 5-& o|-83F EXA=5}
% % 54 9 4% B A7 50] AAE T glout, ¥l
= &gof EstH(Wang et al., 2007; Kim et al., 2014; Choi,
2019). 53] RAPD &4 W2 o 0 2 & 9] 9|9 7| g
£ 3t 719 &2 oligonucleotide primerE 53 <& 2 F7F 5
A ol S HAlsh= 7]a =M, 74D F R glo] A2 el
template DNA= 4131 He|3h {7d8H 4 0] 7ha3t o] &
ZHAI AL Qlof, RAMEETHA £ T4 240 A&A 2R o] 85
3l YJTH(Pyo and Choi, 1996; Song and Bang, 2009; Bang et
al., 2013).

& AolMe sEeibEEddede] = ke Y
Aol Apate| 2 = HAS 2 AlMo] AgshAl ¢l =l
HA 5d Hol MAFoR oiH o, Feit F = fIst
of s At uhelat of 7 37HA| Q) aEj A =] 225 F

3 DNAZ Z3}1, n]E2=2]o} DNAS col 2 3 DNA
of gl §AAY] UK AIINGES FEste] BA % A
g BAS Salalglon], 37140 2 RAPDE o[ 48 PCR
band 4] WS ol §5te] AA| 44§75 w0} WAl
i HIH O
H=

Saha Qs A9 5 Gl W W e 2

Genomic DNA =&, PCR % Sequencing

S HPARE S A U o= RE 2019\ 6o Q13 =4t
v}-2] 2} 0] 7 370 A (E. moara X E. lanceolatus) ] 112 A =]
UFE Ahsto] 99.5% o G0 14 S Ao o835t
fom, BA 245 213t 3 DNA Y] recombination activating
protein gene 1 (ragl, 1,159 bp) ¥ 42| chromatogram=- 53t
double peaks B| & 9]5}o] st of FEEaLY
R} o] ql= 2H1le](SUC19347; NIFS, Jeju, Korea)2} th<t
H}2](SUC19348; Pingtung, Taiwan) Z}Z} 171 2] SI1X]| =g 0]
UHE Aetsto] Ao o]-&5F3irk Genomic DNA (gDNA)
+= HiGene™ Genomic DNA Prep Kit (Biofact, Daejeon, Ko-
rea)E °]-g-sto] FE5IAT PCR S3%2 9fste] nETE=R
o} DNA9] cytochrome ¢ oxidase 1 (col, 760 bp) 4 &Jof| tfj st
primer+=COX 2F ¥ COX 4R (Kim et al., 2014)E ©]-8-35}%
o, 8 DNA9| ragl %ol Hiet primer= 149513 3! 3067r
(Kim and Bang, 2010)2- ¢]-8-35}%c}. PCR 8Hg- 242 % 20
uL 82 9] AccuPower PCR Premix Kit (Bioneer, Daejeon,

o] EAY =4 567

Korea)oll gDNA 100 ng@} col U ragl2] 493 =35 4= 9l
= primerE 27} 10 pmoleS 7800, 94°Coll A 30
o] 7] ¥4 WFe-S 4= 5 52°C (col) = 58°C (ragl)ol)
A 30%, 72°Col|A] 30%9] =3 RH3-2 353] AA|5F L, XF
Ho® 72°Col A 77 A ¥HSS Sas}oith. 58 PCR
AT 1.5% agarose geloll A 7] 95310 specific band &
£5 glakqlt. o], col 9 ragl %9 PCR T-HAE2
MG PCR Purification kit (Cancer Rop Co., Ltd, Seoul, Korea)
2 ZAIRE %, 5Ugt primers ©|-8-5t0] 714 Dw4]7] ABI
3730x1 (Applied Biosystems, Foster City, CA, USA)< &3l
direct sequencing FHH O 2 7| A ES AA St

rag! ¥ col REXILl G7IME BAM

3R = A7) <E o]+ Sequencher ver. 5.4.65 ©]-8-5}¢]
trimming2 A A3+ 3, BioEdit ver. 7.0.9 (Hall, 1999)¢] clust-
alW (Thompson et al., 1994)Z o]&-3lo] t}=47| 4 GA
(multiple alignment)E 85 th A H ragl 9 col G4
2Fe] d7]14 € A H= NCBI (national center for biotechnol-
ogy information) GenBank®| 553t & AR8-5F3AT. ragl {r
ZA}9] chromatogram=- 53l double peaksE H|1l F435}7]
flto] =4t v}k ofF 37HA|(MT584976-584978), AFrf
2] 1I714(MT597423), thute] 17§ R1(MT597422)2 217 se-
quencingdte] ARE-SFATE. col 84| EAMAE = 2
ofl A A1 @& At vhe T ofF 370AI(SUC13944-13945;
MT584973-584975)8] 7|4 €S H|E3S}o], NCBI Gen-
banko]] 5= zpute] 17}F(NC_017891.1, KP009977.1),
tjube] 37HA(NC 011715.1, KJ451389.1, KM386619.1,
HQ660062.1), Z-A=ute] 17§4(MK791189.1), Suke] 17
A(NC_011113.1)9] H7|-E ol 83st5l o, feto = &
= 170 A|(Oplegnathus fasciatus; NC_010968.1)2] 4714 E&
3 wlwskdeh ERE col FAA G7IAEES MEGA
X (Kumar et al., 2018)<2] Kimura 2-parameter (Kimura, 1980)
2 AlAksle] 100092 bootstrape &3l 742 7] 2](genetic
distance)$} neighbor-joining (NJ) tree S 2H4J 313 T}

RAPDZ 0|28t PCR band £A

RAPD PCR band 2412 Choi (2019)2] u}2] 2 o] 2 212 =
A wiso] wk2f, SRILS UniPrimer™ Kit I (SEOULIN SCI-
ENTIFIC Co., LtD, Seongnam, Korea) ©]-83}3. 00, 235
2 © & specific band7} 74 ¥l PRIMER 6% Al €islo] A3 o]
o]-835ith PCR W3 AL & 20 uL 83 9] AccuPower
PCR Premix Kit (Bioneer, Dagjeon, Korea)E ©]-8-5}o] gDNA
100 ng¥} PRIMER 62 10 pmol & 7}3}aL, 94°Cof| 4| 38 7H =
7] WA Whe-Z F=7E -, 94°C, 55°C, 72°CollA] 22t 127F
353] =g REE-2 AAIsEGl o, 72°Coll A Tt A1 HH-Z
ottt o] %, S5 AHE-2 Fragment analyzer (Applied
Biosystems, Foster city, CA, USA)ol|l4 A7]%4-53}2L, PRO-
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size 3.0.1.6 software (Agilent Technologies Inc., Waldbronn,
Germany)Z ]85} specific bandZ 5415} %It}

s

915t n|EZ = 2o} DNAY] col 332 €714
HE F 760 bpE Gl oH, A4t vl 2} of 7, Apule,
o ute] Afo]ol| A & 76 bp2| variation positiong LFEF L
CH(Table 1). o]ofl whet, =4t vl 3} o} 7 37]4)l= col 41

o .

oY,

fo
o

o]
i)

Alof| A Aafe| e} G-# 2] 7 E](genetic distance)”} 0.00262 2
LR -84k 35 (gene flow)o] 78] LrERLRA] F3tew, o
HEeh= 0.1101 2 U 44 A7 H|aA] | 2o s
LRt wheba] ERAlE ol A 44t vkt ofF 3744
= =% Akt FYUS HAls S A5l ARt
OF A} A BFAATE. BEHO|, thdute] ok ZH2E A<l
A E-S XY HFig. 1a). wheba] 294k ule| g} o) 7

A Y] A= B Ak R g E|glon, o] 52 BA 54
= Sk nEZE o] EAS A HtYst= Ao ® YT

Table 1. The variation position on the sequence of Cytochrome ¢ oxidase 1 (co!l) from mitochondrial DNA for a hybrid between Epinephelus

moara Q and E. lanceolatus 3 and them

Variation position (bp)

Species

36 48 49 75 78 81 99 102 103 114
E. moara C C A A C T C C C A
E. moaraxE. lanceolatus - - - - - - - - - -
E. lanceolatus T T G G T T T T G
120 129 141 147 150 159 183 219 222 225
E. moara G A A C C C C T G T
E. moaraxE. lanceolatus - - - - - - - - - -
E. lanceolatus A G G T T T T C A C
240 246 270 279 288 297 300 303 315 321
E. moara C T A A A T A C T A
E. moaraxE. lanceolatus - - - - - - - - - -
E. lanceolatus T C T G G C G T C T
333 345 351 366 369 390 394 399 405 426
E. moara C T G C T G T C C C
E. moaraxE. lanceolatus - - - - - - - G - -
E. lanceolatus T C A T C A C C T T
438 448 453 456 462 465 474 513 516 549
E. moara C T T A A C T G A A
E. moaraxE. lanceolatus - - - - - - - - G -
E. lanceolatus T C C G G T C A A G
552 555 558 561 564 565 582 585 594 597
E. moara T G A G C T T G T T
E. moaraxE. lanceolatus - - - - - - - - - -
E. lanceolatus C A G T A C A A C C
603 618 621 627 633 651 654 660 663 666
E. moara T T A A A C T C C T
E. moaraxE. lanceolatus - - - - - - - - - -
E. lanceolatus C C T G T T C T T A
681 684 696 702 726 736
E. moara C G A A A T
E. moaraxE. lanceolatus - - - - - -
E. lanceolatus T A G G G C




@)

E moara @ x E. lanceolatus & 2 (MT584974) (b)
E. moara g x E. lanceolatus 3 3 (MT584975)

o E. moara @ x E. lanceolatus & 1 (MT584973)
E. moara1 (NC_017891.1)

E._moara2 (KP009977 1)

E. moara

97 E. fuscoguttatus (MK791189.1)

E. lanceolatus 1 (KJ451389.1) £imoams

E. lanceolatus 2 (KM386619.1)

E. lanceolatus 3 (HQ660062.1)

E lanceolatus 4 (NC_011715.1)

Eninanhad

akaara (NC_011113.1)

Oplegnathus fasciatus (NC_010968.1)

0.020
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Fig. 1. Maternal and paternal estimation using mitochondrial DNA (co) and nuclear DNA (ragl) genes. a, Neighbor-joining tree based on
col gene shows the genetic relationship between E. moara and E. lanceolatus and hybrid (E. moara @ E. lanceolatus &3); b, The chromato-
gram (ragl gene) shows the variation position for E. moara and E. lanceolatus, and the double peaks in hybrid (E. moara QxE. lanceolatus 3),

the red arrows indicate double peaks.

(Hauswith and clayton, 1895). ESF, 4] 32742 9|51 3 DNA
9 ragl AR F7IAE2 F 1 159 bp= &1 519 2.1, chro-
matogram £-41-8 25| 2pu2| o} thu1] 9] ragl G714 Gol
/‘1 1574¢] Ho]f|z|et 4 7+2] F-313t double peaks -2
Q151 THFig. 1b). mhebH 9J4F Belz} of 7 374 Ao
gl o} dihatel 7 Uebls ragl 5-72k] 157 Hol x| ot

F 5709 97)Holg 5 §hesh= ambiguous sequence
P Heto] o590 BA = theute] = g = Qlek(Table
2) whepa] 2 Atof| A A1 H 4= 4t vle] I} o) 7 370 A= col
9 rag2 A Q714 2 o83 A ute] of v huke] 7o)
£ 54 (Kim et al., 2014), 22| A o)) A A]5}= 4]2]<5(genus
Coreoleuciscus) o153 o] & 54 2 25 3 (Song et al.,

2017), Z¥A]5-ol(Rhodeus uyekii)2} B=H=7H(R. ocellatus)
9] w3to] ot A-H(Park, 2018), n|EZ =20} coli} H ragl
SRR} BAlo) o)at ZZI(Cobitis tetralineata)t FE7N(Ik-
sookimia Longicorpa)?t A+ 24% &4 (Lee et al., 2009), =
YA (Acheilognathus signifer)2} ‘BAFE(A. lanceolatus) A}
o] o] A}¢1 3% Z¥(Kim et al,, 2015) 5-9] A13) I Avje}
FUT P UEhfo] Apute] e dipute| kel AE A
O o7 _Tj,]-\:ﬂ E] o] 1:]—

z7}Xq © g RAPD #4] W& 0]-&35}o] PCR band 530
A S 5785 AR A}, g0 = AR A 9 <
vhe] o] 4 JAlE At vk T} o] 752 PRIMER 62
ARE5)-S 73-9-of 2F 387 bp & 433 bp F-of| A specific band

Table 2. The variation position on the sequence of Recombination activating gene 1 (ragl) gene from nuclear DNA for a hybrid between

Epinephelus moara @ and E. lanceolatus & and them

Variation positon' (bp)

Species
133 245 293 302 318 331 432 465 468 471
E. moara C A T G T C G T A C
E. moaraxE. lanceolatus Y R Y R Y Y R Y R Y
E. lanceolatus T G C A C T A C G T
490 516 654 985 1,071
E. moara T A T A G
E. moaraxE. lanceolatus K R Y R R
E. lanceolatus G G C G A

'Ambiguous sequence: R=A/G, Y=C/T, K=G/T.
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Fig. 2. RAPD PCR band analysis between E. moara, E. lanceolatus and hybrid (E. moara @*E. lanceolatus 3. Dot arrow (387 bp) and

normal arrow (433 bp) indicate specific bands (used PRIMER 6).

7} 2H =9Ik Fig. 2). o] 2]8F 542 Choi (2019)¢] Huke]eh
dhshutel ko] 15 A Aol 4 oF 252 bp U 284 bp Ftol
A] specific band7} 22151 Zko} u] gk b bt o] 415
Aol 23kt 2.0 Tekelglet. whebd] H dTo] 4 RAPD
£ o] 85 PCR band 241 5] Auhe]o} dishutelzre] 25
B4 202 FYsto] A $4H2 55 L A BRelA %A
202 A48t 7HsH ol 88 4= 912 Aoz Az, of
of wheh 54 2o = olak Akel4] 9 sHa ws)E H sk 4
91 702 7|dhelct.

Al AL

O] =2 YA QYo R FHAEY w78 %7
2] Golden Seed project AF4(213008-05-4-SB410) 4! afj o=
A7 e He] AY(EAE A4 IE7e 9 3%
s 7| ESN, 20200425-03)7 =gk e] ol4tn] 21
S wol =8 At

References

Bang KH, Chung JW, Kim YC, Cho IH, Kim JU, Shin MR
and Moon JY. 2013. Analysis of genetic polymorphism of
Korean ginseng cultivars and breeding lines using RAPD
markers. J Korean Soc Int Agric 25, 184-193. https://doi.
org/10.12719/KSIA.2013.25.2.184.

Choi JI. 2019. Molecular biological identification for two hy-
brid groupers, Epinephelus fuscoguttatus 9*E. lanceolatus
& and E. akaara QXE. lanceolatus &. MS Thesis, Soonc-
hunhyang University, Asan, Korea.

Eschmeyer WN, Fricke R, Fong JD and Polack DA. 2010.
Marine fish diversity: history of knowledge and discovery

(Pisces). Zootaxa 2525, 19-50. https://doi.org/10.11646/
zootaxa.2525.1.2.

FAO (Food and Agriculture Organization). 2017. FishStat], a
tool for fishery statistics analysis. FAO Fisheries and Aqua-
culture Department, FIPS-Statistics and information. FAO,
Rome, Italy.

Govindaraju GS and Jayasankar P. 2004. Taxonomic relation-
ship among seven species of groupers (genus Epineph-
elus; family Serranidae) as revealed by RAPD fingerprint-
ing. Mar Biotechnol 6, 229-237. https://doi.org/10.1007/
$10126-003-0021-9.

Hall TA. 1999. BioEdit: a user-friendly biological sequence
alignment editor and analysis program for Windows 95/98/
NT. Nucleic Acids Symp Ser 41, 95-98.

Han SH, Kim MJ and Song CB. 2014. First record of the oblique-
banded grouper, Epinephelus radiatus (Perciformes: Serra-
nidae) from Korea. Korean J Ichthyol 26, 143-146.

Hauswirth WW and Clayton DA. 1985. Length heterogeneity
of a conserved displacement-loop sequence in human mito-
chondrial DNA. Nucleic Acids Res 13, 8093-8104. https://
doi.org/10.1093/nar/13.22.8093.

Kim HS, Yun SW, Kim HT and Park JY. 2015. Occurrence of
a Natural Hybrid between Acheilognathus signifer and A.
lanceolatus (Pisces: Cyprinidae). Korean J Ichthyol 27, 199-
204.

Kim IS, Choi Y, Lee CL, Lee YJ, Kim BJ and Kim JH. 2005. 1I-
lustrated book of Korean fishes. Kyohak Publishing Co Ltd,
Seoul, Korea, 613.

Kim KM, Lee HJ, Yun HB, Cho JH, Kim SR, Lee KM and Kim
JH. 2020. Changes of hematological parameters and plasma
components in the hybrid grouper (Epinephelus fuscogut-
tatus Y*E. lanceolatus &) by acute ammonia exposure.
Korean J Environ Biol 38, 40-46. https://doi.org/10.11626/



KJEB.2020.38.1.040.

Kim KS, Lee HR and Bang IC. 2014. Identification of Hybrid
between the Tiger Grouper Epinephelus fuscoguttatus and
the Giant Grouper E. lanceolatus by Analyzing COX I and
RAG 2 Sequences. Korean J Ichthyol 26, 70-73.

Kim KY and Bang IC. 2010. Molecular phylogenetic position of
Abbottina springeri (Cypriniformes: Cyprinidae) based on
nucleotide sequences of RAG1 gene. Korean J Ichthyol 22,
273-278.

Kim MJ and Song CB. 2010. First record of Epinephelus
areolatus (Perciformes: Serranidae) from Korea. Korean
J Fish Aquat Sci 13, 340-342. https://doi.org/10.5657/
fas.2010.13.4.340

Kimura M. 1980. A simple method for estimating evolutionary
rates of base substitutions through comparative studies of
nucleotide sequences. J Mol Evol 16, 111-120.

Kiriyakit A, Gallardo WG and Bart AN. 2011. Successful hy-
bridization of groupers (Epinephelus coioides*Epinephelus
lanceolatus) using cryopreserved sperm. Aquaculture 320,
106-112. https://doi.org/10.1016/j.aquaculture.2011.05.012.

Kumar S, Stecher G, Li M, Knyaz C and Tamura K. 2018.
MEGA X: molecular evolutionary genetics analysis across
computing platforms. Mol Biol Evol 35, 1547-1549. https://
doi.org/10.1093/molbev/msy096.

Lee IR, Yang H, Kim JH, Kim KY and Bang IC. 2009. Identi-
fication of a natural hybrid between the striped spine loach
Cobitis tetralineata and the king Spine loach Iksookimia
Longicorpa by Analyzing Mitochondrial COI and Nuclear
RAGI Sequences, Korean J Ichthyol 21, 287-290.

Lim SG, Han SB and Lim HK. 2016. Effects of salinity on the
growth, survival and stress responses of red spotted grouper
Epinesphelus akaara and hybrid grouper E. akaara?x E.
lanceolatus'. Korean J Fish Aquat Sci 49, 612-619. https://
doi.org/10.5657/KFAS.2016.0612.

Myoung JG, Kang CB, Yoo JM, Lee EK, Kim S, Jeong CH and
Kim BI. 2013. First record of the giant grouper Epinephelus
lanceolatus (Perciformes: Serranidae: Epinephelinae) from
Jeju island, South Korea. Korean J Fish Aquat Sci 16, 49-52.
https://doi.org/10.5657/FAS.2013.0049.

Park JM. 2018. A Study on the Hybrid between of Rhodeus
uyekii and R. ocellatus. Ph. D Dissertation, Chonnam Na-
tional University, Yeosu, Korea.

Pyo HJ and Choi KS. 1996. Analysis of genetic polymorphism
among six Korean wild Artemisia spp. by using RAPD
method. Korean J Agric Sci 23, 99-107.

Song HY and Bang IC. 2009. Genetic variation of Coreoleucis-
cus splendidus populations from four major rivers in Korea
as assessed by RAPD PCR. Korean J Ichthyol 21, 129-133.

Song HY, Kim JH, Seo IY and Bang IC. 2017. Species and
hybrid identification of genus Coreoleuciscus species in
Hwnag-ji stream, Nakdong River Basin in Korea. Korean
J Ichthyol 29, 1-12.

of 2AYEILY Y 571

Tahir D, Shariff M, Syukri F and Yusoff FM. 2018. Serum corti-
sol level and survival rate of juvenile Epinephelus fiscogut-
tatus following exposure to different salinities. Vet World 11,
327-331. https://doi.org/10.14202/vetworld.2018.327-331.

Tang J, Tian, Y, Li Z, Cheng M, Chen Z, Mao D and Li B. 2018.
Analysis of genetic characters in Epinephelus moara, E. lan-
ceolaus and their hybrids. J Agric Biotechnol 26, 819-829.

Thompson JD, Higgins DG and Gibson TJ. 1994. Clustal W:
improving the sensitivity of progressive multiple sequence
alignment through sequence weighting, position-specific
gap penalties and weight matrix choice. Nucleic Acids Res
22, 4673-4680. https://doi.org/10.1093/nar/22.22.4673.

Tian Y, Chen Z, Tang J, Duan H, Zhai J, Li B, Ma W, Liu J, Ho
u'Y and Sun Z. 2017. Effects of cryopreservation at vari-
ous temperatures on the survival of kelp grouper (Epineph-
elus moara) embryos from fertilization with cryopreserved
sperm. Cryobiology 75, 37-44. https://doi.org/10.1016/].
cryobiol.2017.02.007.

Wang S, Du J, Wang J and Ding S. 2007. Identification of Epi-
nephelus malabaricus and Epinephelus coioides using DNA
markers. Acta Oceanolog Sin 26, 122-129.



