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A highly efficient, rapid, and reliable multiplex polymerase chain reaction based method for distin-
guishing ten species of genus Cynoglossus (C. senegalensis, C. abbreviates, C. macrolepidotus, C. arel, C.
semilaevis, C. interruptus, C. joyneri, C. lingua, C. robustus, and C. monodi) is described. The species-spe-
cific primer sets were designed base on the cytochrome oxidase subunit I gene (1,500 bp). The optimal
PCR conditions and primers were selected for ten of Cynoglossus species to determine target base se-
quences using single PCR. Multiplex PCR using the ten pairs of primers either specifically amplified
a DNA fragment of a unique size or failed, depending on each species DNA. The length of amplifica-
tion fragment of 208 bp for C. senegalensis, 322 bp for C. abbreviates, 493 bp for C. macrolepidotus, 754
bp for C. arel, 874 bp for C. semilaevis, 952 bp for C. interruptus, 1,084 bp for C. joyneri, 1,198 bp for
C. lingua, 1,307 bp for C. robustus, and 1,483 bp for C. monodi with the species-specific primers, vi-
sualized by agarose gel electrophoresis, allowed perfectly distinction of the Cynoglossus species. The
multiplex PCR assay can be easily performed on multiple samples and attain final results in less than
6 hours. This technique should be a useful addition to the molecular typing tools for the tentative

identification of Cynoglossus species.

Key words : Cynoglossus spp., mitochondrial DNA, molecular identification, multiplex PCR, species-

specific primer
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C. lingua), Z9N At (C. mac-

lepldotus) 71470 HEH(C monodi), A 274 A (C. senegal-
ensis) 2 5 HATH FHU I oA fF= BE YAEHT FE
ko] =3, IUW AHAZ o F glo] Hojuy, B A
oA A2 FFo2 MEete T YA CE THATL 18

%02 Wt B glek ST, Fuh AU o159 o

FE AT FEET Y 2 YR A7 ALY H4,
A g5 dRleE A Eol5al e AR R
9 Sl e FAUS o e Fdd dEet e
AR oIt[7]. FMt ofF= FHSFH o= v frAbete &
GO F& TESE AL WS oHy] gl FEAd LR
7k o] FojA A &2 A FAWH o7 T FE2 &
7o Agd 7% A E

oA Ysl= A#E 2T F Ut

A AFYLFAAAANNE BEFAF 2 S At F
a4 AHbE (Polymerase chain reaction: PCR) #4 7] &
= 01%5]1 -?ZHE% 73% 3}% & et 'Q%% A&

=13 o
= ST g o
& moﬂ 3o AEE BAT 4

9Jr ?O]Eﬂ o, &
7] W&o DNA A9 & #H
A dy 8ol Hu e WHolt[d]. ‘HET AHEEE
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Bl APAM = AN U FAes AL
o, 59 FAH ool 3t &

fl
i Aecd

A7E Ht |l

ol Aaetes FAWF ofFe 3% 850 A2H[10],
3% fr5o] &dd §AN(C abbreviatus), BN (C. semilaevis),
AU (C. interruptus), AN (C. joyneri), WA ™ (C. robustus)
o Y FAYH of7FE 2HE Tl FEHE FAHA
F10F0] de A0 g glo] dn. o] 5] &3
< Y FAEY #eR oyt FRlY A4S
a dzolgt & 4 U wekA, & dFAAE

S
Ao FdA Azgo] dojuA %ot FA4 F3te

R
A3 AR g
A7l AR A o = 20131 78 HH 2014

49714 % 3859k A9, Wty Alg mAHIRRE 4
Ao TP AgdAdTA Ay FeRA F
oo BAFA ofF 5FAUZAAY, SulsAAd, 21
Adl, AAM, SUNAH) Y B2 AE 40744 9 773 o 3
A g FAY Ve TF HEV|BOERE AFHE oF
5F(&A, B, FAT, FA, MK 22 AE 15704
& A&-st 4 tH(Table 1).

N

Y

DNA =&
7t A 52 5F genomic DNAY F% % B A& Asahida
et al. [1]19] W ol 2} TNES-Urea bufferg AH-&3FH . o

Table 1. Information of genus Cynoglossus species used in this

study
Scientific name Sample site From
Cynoglossus monodi Mozambique NIFS
Cynoglossus robustus Korea PKNU
Cynoglossus lingua Bangladesh NIFS
Cynoglossus joyneri Korea PKNU
Cynoglossus interruptus Korea PKNU
Cynoglossus semilaevis Korea PKNU
Cynoglossus arel Bangladesh NIFS
Cynoglossus macrolepidotus Bangladesh NIFS
Cynoglossus abbreviatus Korea PKNU
Cynoglossus senegalensis Spain NIFS

NIFS, National Institute of Fisheries Science, busan, korea
PKNU, Pukyong National Nuniversity, busan, korea

50 mg ¢ <5 AEE 480 ul®| TNES-Urea buffer (8 M urea,
10 mM Tris-HCI pH 7.5, 125 mM NaCl, 10 mM EDTA, 1%
SDS)9} 20 111¢] Proteainase K (20 mg/ml)ol &&3t4] 56Tl
A 2Hz2 o] 448 a2 w7iA weA I 12 il 500
ul9] Phenol : Chloroform : Isoamylalcohol = 25:24 : 1 &
4 1L vortexingdte] $H318] 41-& F 13,000 rpm (15,493x g)°ll
A 102 Fe AR Ak 1% 45 phenol?t 410
A BEE st A2 tubeR &1 5 2919 9.9% ethanol}
0.151¢] 3 M sodium acetateE H7}ste] 70Tl A oF 30%&7+
HHEA| 71T, 4T 13,000 rpm (15493x g)ol A 108 5+ YA &
g g &, AZHE AASL, 1 mlY 70% ethanol ¥ 1L vor-
texing ¥ 13,000 rpm (15493x g)oll A 5% 5 A4 £l 3%
th. 1% ethanol& ¢4 8] A AskaL &-olA 10&3t 23}
%t} 100 pl®) TE-buffer (10 mM Tris-HCl pH 8.0, 500 mM
EDTA)E %1 DNA pellets ¢ % 5 pl9 RNase (20 ng/
ml)E F7hsted 37°ColA 1A ¥HEAIZL F 80T ol Al 5&3E
H3AZIT & 9 AAE genomic DNAY A #-& spec-
trophotometer (NonoVue, GE healthcare, Sweden)< ©] 83}
Aem, HF #5510 ng/ulz FF F A AL kit

712N =210l ME

nEZE=gol DNAY Cytochrome Oxidase subunit I
(CON ¥ AA F42 £4 < 918 #l=9| National Center
for biotechnology Information (NCBI, www.ncbi.nlm.nih)l
SEH Cynoglossus 4 5 PIEZ o} DNAY 7] Ao
e stA &A1 ¥ Cynoglossus semilaevis (Accession No. NC
012825), C. zanzibarensis (Accession No. KJ433559), C. joyneri
(Accession No. NC030256), C. gracilis (Accession No. NC
028540), C. abbreviates (Accession No. NC014881), C. itinus
(Accession No. NC023446), C. lineolatus (Accession No. NC
023230), C. puncticeps (Accession No. NC023230), C. bilineatus
(Accession No. NC023226), C. sinicus (Accession No. NC
023224)9] A ME& vlg O 2 Bioedit W E9| Clustal
W Z2I8 S Agsta] COI FHolA o] Zetolm HAE &
Q13 th(Table 2).

#7IMg 24

PCR EFE 20 ule 10 pM FAM U So] ZijolH 7}
1 pl, 10x Takara buffer 2 ul, dNTP 0.8 ul, Takara Ex Taq
02 pl, 5 14 1l, DNA 1 il2 45tk PCR #2712
2 WA UCAM 727 W73, HTAA 452, 60T
A 45%, 72CAM 184 % 353] whE, npx| 2t o 2 72T o A
72 ARANATFE A= AT $FH PCR a2 471
g EAd AHEst7] 93t Expin PCR SV (GeneAll
Biotechnology, South Korea)& At-&-3te] & A3t 9l th. Sanger
sequencing< BigDye terminator v1.1 (Applied Biosystems)
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Table 2. Alignment of primer regions with complete mitochondrial sequences of reference species
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of o8 7g Ak AAE PCR ¥ 1 ul, 5x BigDye
therminator v1.1 sequencing buffer 2 ul, BigDye terminator

reaction mix v1.1 0.8 ul, 01 pM A48 == g Zjon
1y, SHT 59 n=z AA 10 ul,/] Hhgol S ZnH)3H9
Sequencing PCR 2712 96C el A 283F WA A 7] 3L 96T

A 15%, 50Col A 5%, 60Tl A 284 & 253] HHE3}9 0.
Sequencing PCRZ %% ¥ DNA®| 50 ml EDTA (pH 8.0) 1

ul, 600 mM sodium acetate (pH 5.2) 1 19t 99.9% ethanol
25 uls A7kt 4C 17494 3,000 rpm (2,272x g)ol| A 45%

AR ST O % 70% ethanolZ Al A3} o, A2
oA 10&3F AZAZ1 ¥ 10 ul Hi-Di formamide (Applied

Blosystems) = DNA pellet<
er (Applied Biosystems)Z A ¥

=o| ABI 3730 Genetic Analyz-
BAS A9 3
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3z o

FAH

0l ¥ &
£50)9lE COl #44 tolAl §414
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(Table 3). Al 2te AT} Sof Ztolr= FAtht ofF
105 59 AEd &S dehhslon, ol8 3 Aoz
H7] 4 E-& DNASTAR 221 ¢] SeqMan software (Madi-
son, USA)E ol&3to] &4 =AUt & GFeE Zejol
HE 53 dojl ME2 stue AdE zgHden, o
1,500 bpe COI #4#4 MEE FE2T 4 9tk DNA
Sequence Polymorphism (DnaSP, ver. 5.10.01) ZZ15-& A}
&3t 9 haplotypes +43tA2on, TW 44 Hol&
At ZE WAL A7 Dol dAstE TA O F1tel
Aol & YetlE ©Y 971t 4 (Single Nucleotide Poly-
morphism, SNP) F87 £ 5 sttt o] F F3t oF 100
bp o]4e M Aol & Fu A9 Zejolr] R E g}
aon, GG FHAL Y B HAGES F5

Table 3. Universal primers for genus cynoglossus designed from
conserved region of COI gene

Primer Fragment
Sequence )
name size
Cyno-F  5-TACCTGTGATAATTACACG-3 1,500 bp

Cyno-R  5-GTTCGTACGAAAGACGGTTC-3
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Table 4. Alignment of species specific primer regions with COI gene

40 50

30

CCGG[AATAGTTGGAACCGCTC CTT|AGCCT

C. monodi

CTGGAATAGTAGGAACTGCCCTC CAGCCT

C. robustus
C. lingua
C. joyneri

CTGGTATAGTAGGAACTGCCCTAAGCCT

CCGGAATAGTAGGAACTGCCCTAAGCCT

CTGGAATAGTCGGCACAGCTTTAAGCTT

C. interruptus
C. semilaevis
C. arel

CCGGAATGGTAGGAACTGCCCT O CAGCCT

CCGGAATAGTAGGTACCGCCCTAAGTTCT

CTGGAATAGTAGGTACTGCACT CAGTTCT

C. macrolepidotus

C. abbreviatus

CCGGAATAGTAGGAACTGCTCTC CAGCCT

CCGGAATAGTTGGTACTGCCCTCAGCTT

C. senegalensis

170 180

160

T AATGCCGATTATAATTGGAGGATTTGG
T AA[T ACCCATCATAATCGGAGGG|TTTG GG
T AATGCCTATTATAATTGGAGGATTTGG
TAATGCCTATTATGATTGGAGGC CTTTCG GG
TTATGCCTATTATAATTGGAGGC CTTTGG
TTATACCCATTATAATTGGGGGTTTTGG
TAATACCTATCATAATCGGAGGC CTTTGG
TAATACCTATCATAATCGGAGGTTTTCGG
TTATGCCTATTATAATTGGAGGC CTTTGSG
TAATACCTATTATGATTGGAGGC CTTTGG

C. monodi

C. robustus
C. lingua
C. joyneri

C. interruptus
C. semilaevis
C. arel

C. macrolepidotus

C. abbreviatus

C. senegalensis

320 330

310

GGAGCTGGTACAGGATGGACCGTTTATC

C. monodi

GGGGCTGGTACAGGATGAACCGTGTACC

C. robustus
C. lingua
C. joyneri

GGAGCTGGTACAGGTTGAACTGTC|T ACTC

GGAGCTGGTACAGGTTGAACT GTTTATCC

GGGGCTGGAACAGGCTGAACTGTTTATC

C. interruptus
C. semilaevis
C. arel

GGGGCTGGTACAGGATGAACTGTTTACC

GGAGCTGGTACAGGCTGAACCGTATATC

GGAGCTGGTACAGGATGAACAGTATATC

C. macrolepidotus

C. abbreviatus

GGGGCTGGTACAGGATGAACCGTTTATCC

GGAGCTGGAACGGGATGAACTGTATACC

C. senegalensis

440

430

CTAGGGGCTATTAACTTU CATTACTACAA

C. monodi

CTGCGGGGGCTATTAACTTTATTACAACTG

C. robustus
C. lingua
C. joyneri

CTTGGGGCTATTAATTTTATCACTACAG

TTAIGGGGCAAT CAATTTTATTACC|ACAG

TTAGGTGCTATTAATTTTATTACTACAA

C. interruptus
C. semilaevis
C. arel

TTAGGCGCTATTAACTTT CATT CACAACAG
TTAGGCGCTATTAATTTTATTACAACAGQG

CTAGGTGCAATTAACTTTATT CACAACAG

C. macrolepidotus

C. abbreviatus

TTGGGGGCTATCAACTTTATTACAACAG

TTAGGTGCCATTAACTTU CATTACTACTA

C. senegalensis

570 580

560
T GCTGGAATTACTATACTTTTAACAGAZC

C. monodi

T GCAGGTATCACAATACTATTGACTGAT

C. robustus
C. lingua
C. joyneri

T GCAGGTATTACAATACT GTTAACAGAT

TGCTGGAATTACTATACTACTT CACAGAT
GGCI[GGGCATCACTATGCTC CCTT|ACCGATC

C. interruptus
C. semilaevis
C. arel

T GCAGGAATTACTATACTTT CTTCACAGAT

T GCAGGTATTACAATACTATTAACAGAZC

T GCAGGTATTACAATGCTACTAACAGATC

C. macrolepidotus

C. abbreviatus

TGCTGGAATTACCATACTTO CTU CACGGAT

A GCAGGAATCACAATACTC CCTCACAGAC

C. senegalensis
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Table 4. Continued

650

640
CCAATCCTCTACCAACACCTATTT CTGAT

CCCATTTTATACCAACATCTC CTTTTGAT

C. monodi

C. robustus
C. lingua
C. joyneri

CCTATCCTATATCAGCACCTTTTT CTGAT

CCAATCCTCTACCAACACCTATTOCTGAT
CCTATTTTATACCAACACCTATTCTGAT
C[CTATTCTTTATCAACACCTATTCTGG|T
CCCATTTTATATCAGCACCTTTTT CTGAT
CCTATCTTATATCAACATCT CTTO CTGAT
CCTATTCTTTACCAACACCTATT CTGAT
CCTATCCTCTACCAACACCTGTTCTGAT

C. interruptus
C. semilaevis
C. arel

C. macrolepidotus

C. abbreviatus

C. senegalensis

770

760

CGCGGCTACATAGGCATAGTATG GAGCTAT A

C. monodi

CGGTTACATGGGTATAGTTTG GAGCTATG

C. robustus
C. lingua
C. joyneri

CGGCTACATGGGCATGGTTT GAGCTA AT A

TGGATATATAGGTATAGTATG GAGCTAT A

CGGTTACATGGGTATGGTCTGAGCTATG

C. interruptus
C. semilaevis
C. arel

TGGTTATATAGGAATAGTATGAGCTATAG

CGG[ITTATATGGGTATAGTATGGGCC|ATA
CGGCTACATGGGTATGGTTTGAGC CTAT A

C. macrolepidotus

C. abbreviatus

TGGTTACATGGGAATAGTATG GAGCTAT A

TGGCTACATAGGAATAGTATGAGCTATA

C. senegalensis

1,030

1,020

GTATCGTO CTTATCAAACT CTTO CCCTTGA
GTATTGTCCTCTCCAACT CTTO CCCTTGA
GAATCGTTTTATCTAATTCCTO CTO CTTGA
GGATTGTCCTGT CAAACT CCTOCCCTC CGA
GAATTGTTCTTT CAAATTO CTT CACTTGA
GAATTGTATTATCTAATTOCCTO CCCTTGA
GGATTGTTCTATCTAACT CCTC CTTTAGA
GAA[TTGTTCTCTCTAACTO CTTO CCCTG|GA
GTATTGTATTATCTAATT CCTO CCCTTCGA
GTATTGTCCTGTCCAACT CCT CATTAGA

C. monodi

C. robustus
C. lingua
C. joyneri

C. interruptus
C. semilaevis
C. arel

C. macrolepidotus

C. abbreviatus

C. senegalensis

1,200

1,190

TCCACTTTGGAGTGATATT CTTAGGAGT
TACATTTCCTGGTAATATTTGTAGGGGT
TACATTTCCTGGTGATATTTGTAGGAGT
TTCACTT CCTAGTAATATTOCGTAGGGGT
TACATTTCCTCGT CATGTTTGTTGGAGT
TTCACTTOCTTGGTAATATTTGTAGGGGT
TACATTTCGTAGTAATATTTGTAGGGGT
TACATTTCCTAGTAATATTTGTGGGAGT
TT[CATTTCCTGGTAATATT CCTAGGT|GT
TCCATTTTGGGGTVYATATTTGTTGGAGT

C. monodi

C. robustus
C. lingua
C. joyneri

C. interruptus
C. semilaevis
C. arel

C. macrolepidotus

C. abbreviatus

C. senegalensis

1,320

1,310

CACAGTCTCCTC CCATTGGCTU CCATG GATC

C. monodi

TACAGTTT CATC CAATCGGGTU CAATAATT

C. robustus
C. lingua
C. joyneri

CACTGTTTU CATC CAATT GGATT CCATAATC
TACAGTO CTC CATC CAATTA GGTTT CAATAATC

TACCGTGT CATC CTATT GGCTT CAATAATT

C. interruptus
C. semilaevis
C. arel

TACAGTCTU CATC CCATTOGGTTU CAATAATT

CACAGTCTC CAT CAATTGGGTT CAATAATC

CACGGTTTC CATC CAATTGGCTT CAATAATT

C. macrolepidotus

C. abbreviatus

TACAGTTTC CATCCATTGGTTUCAATAATC

TACIAGT CTCATCCATCGGCT CT|IATAATC

C. senegalensis
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of ke xejo|o 2 A ZchTable 4).

EAMrynt E50| £ PCRY

MA Eold 2 ARY AFE s 4 £3 3MAY AEE
fdez E4S ssAt. 1A 29 =9 Ay A E
3H13817] 13t gradient PCR ¥Hg-& 23 3191 0.7, Takara
EX Taq& AHE3H &5 228 520, 54T, 56°C, 587C, 60T,
62CE F3hstHth FZH PCR 2H=E 1% agarose gelol Al
A71YEe st $F AR S FdsAnt. AHEE Zehow
%38 AW Z A A F-SEN/Cyno-R, €4t F-ABB/Cyno-
R, ZU/MA D F-MAC/Cyno-R, ¥ 714t F-ARE/Cyno-
R, F-SEM/Cyno-R, AAt] FINT/Cyno-R, At} FJOY/
Cyno-R, 2174t F-LIN/Cyno-R, 7§ At F-ROB/Cyno-R 1
g2 7Y Mt = F-MON/Cyno-RE& AH&3te] S8t gith.
Fol 05 PCR & ¢ TS 5 Sle v 504 SF Y
Zeto|v-dimer FAE Aofstr] flsto] ALFL Zefolw
(CynoR)E 522 AHESIITH 11 A3}, 58~627C 9] anneal-
ing 2ENA BE Fof tg FEIHA FF WG] Yutd

2 B9 + AU

&MLt 50| CH5 PCRY

0% PCR $F & 913 Zatolw] 24L& 247 03 pl¥ 9
4w Ze}o| v (F-SEN/F-ABB/F-MAC/F-ARE/F-SEM/F-
INT/F-JOY/F-LIN/F-ROB/E-MON) ¢} 0.6 pl¢] ¢uéF a2}

ol #(Cyno-R)E EFate] AHEstom, 4 PCR 82 &
& SH¥ 60T annealing =4 §YT 20 S = PCR
FE5E YA $ZE PCR 4HE 2 1l 1% agarose gelo]
‘] x redsafe (iINtRON, South Korea)®} 37 #7]% 53t

SFATH PCR 4h&9 =27] Aol ket AlullZ7) A o (208
) £AT(322 bp), ZUNATIA93 bp), 281 7HA ) (754
bp), e (874 bp), DA th (952 bp), A1t (1,084 bp), 717 A Th
(1,198 bp), 7144 (1,307 bp) 12 T 71U 71 A (1,483 bp)% &
gelo] 7he st en, 5ol A TF = dojuhA ¥=
Aes FUE F AN(Fig. 1). &HE thF PCR #4149
NS AF8t7] Aell, A WK (sensitivity) S 57
3tttk F5o] Zebolr o] HA AEFEE FH8] fsto
A& 1059 genomic DNAE ¥ =¥ E 10 ng/ul, 1 ng/ul,
0.1 ng/ul, 0.01 ng/ul®. & 3A3ke] thg PCRA 9] W%
£ A9 on, PCRE A& d vt o] Takara EX Taq&
Agste] FEF 20 APttt AN A FA
W 1 ng/u7tA AEHAL, A, AN, SHEA
Ad, 2, FA, Z_]7H"1fﬂ MM, 28 ZIUAR Y=
01 ng/u7bA AZHS g 4 9191 tkFig. 2).

-‘X‘;‘

I &

FASel gesty Baoz
thke BAAE

AU o) Fe Agol v
= 9 TR ool ey A=

@

Table 5. Species specific forward primers designed from COI gene

Primer name Sequence Target species Fragment size
F-MON 5-AATAGTTGGAACCGCTCTT -3 C. monodi 1,483
F-ROB 5-TACCCATCATAATCGGAGGG -3 C. robustus 1,307
F-LIN 5-GCTGGTACAGGTTGAACTGTC -3 C. lingua 1,198
F-JOY 5-GGGGCAATCAATTTTATTACC -3 C. joyneri 1,084
F-INT 5-GGGCATCACTATGCTCCIT -3 C. interruptus 952
F-SEM 5-CTATTCTTTATCAACACCTATTCTGG -3’ C. semilaevis 874
F-ARE 5-TTATATGGGTATAGTATGGGCC -3 C. arel 754
F-MAC 5-TTGTTCTCTCTAACTCTTCCCTG -3 C. macrolepidotus 493
F-ABB 5-CATTTCCTGGTAATATTCCTAGGT -3 C. abbreviatus 322
F-SEN 5- AGTCTCATCCATCGGCTCT -3 C. senegalensis 208
C senegalensis . abbreviatus  C macrolepidotus C arel C. semilaevis C interruptus C. joyneri C lingua C. robustus <. monodf

M (208bp) (322bp) (493bp) (754bp) (874bp) (952bp) (1084bp) (1198bp) (1307bp) (1483bp) M

Fig 1. Multiplex PCR product patterns of COI region on mitochondrial DNA using species specific primers. Three specimens of
each species were used for the multiplex PCR. A total of 2 ul of each of the multiplex PCR products was separated on
a 1% agarose gel. Lane M: 100 bp DNA ladder (iNtRON, South Korea).



C. senegalensis C. abbreviatus

M 1 2 3 4 1 2 3 4 1

C. macrolepidotus
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C arel C. semilaevis
1 2 3 4 1 2 3 4 M

C. interruptus C. joyneri
M 1 2 3 4 1 2 3 4 1 2

C. lingua

3

C. robustus
4 1 2 3 4 1 2 3 4 M

Fig. 2. Sensitivity analysis. Electrophoresis on a 1% agarose gel stained with 1x redsafe (iNtRON, South Korea) showing the PCR
reactions for the genomic DNA of ten species of genus Cynoglossus with a 10-fold serial diluted from 10 ng/ul to 0.01 ng/ul.
Lanes: (M) 100 bp DNA ladder (iNtRON, South Korea); (1) 10 ng; (2) 0.1 ng; (3) 0.01 ng; (4) 0.001 ng.
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