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Phylogenetic Analysis Using Cytochrome ¢ Oxidase Subunit | of Silver Croaker (Pennahia argentata) Mito-
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Abstract  Silver croaker (Pennahia argentata) is a turbulent species that is widely distributed worldwide and
is mainly found in the bottom of the ocean. In the study, we characterized the cytochrome ¢ oxidase subunit I
(COI) gene of the mitochondrial DNA (mtDNA) on P. argentata inhabiting Gwangyang Bay and analyzed the
phylogenetic location of marine fish species. As a result of multiple arrangement of 605 bp COI sequences,
high homology of mtDNA nucleotide sequences was confirmed in the silver croakers from Gwangyang Bay
(98~100%). However, the nucleotide variation was different according to the catching points of the inland and
the open seas of Gwangyang Bay. The nucleotide sequence variation in COI was high in P. argentata from
the open seas of Gwangyang Bay (43.2~70.3%). Furthermore, the phylogenetic analysis of 13 fish showed
that P. argentata from Gwangyang Bay were grouped into one clade with P. argentata reported in Taiwan,
and the evolutionary distance was 0.036. In addition, it was identified that the evolutionary distance was close
to that of fish belonging to the Mi-iuy croaker (Miichthys miiuy) and the Big-head pennah croaker (Pennahia
Macrocephalus) (0.041~0.048). The result of these studies will be used as the key genetic information for
fisheries resources monitoring and species diversity management according to the coastal environment.

Key words: Pennahia argentata, cytochrome c oxidase subunit I (COI), phylogenetic analysis, Gwangyang
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Table 1. List of P. argentata species collected from Gwangyang Bay.

=1y

1D Sampling date Sampling sites in Gwangyang TL* (mm) SL** (mm) BW#*#* (g)
Al 2018-09-09 A site (127.48, 34.52) 210 180 111.53
A2 2018-09-09 A site (127.48, 34.52) 198 165 95.01
A4 2018-09-09 A site (127.48, 34.52) 193 162 80.33
AS 2018-09-09 A site (127.48, 34.52) 173 145 57.64
A8 2018-09-09 A site (127.48, 34.52) 120 94 15.57
A9 2018-09-09 A site (127.48, 34.52) 198 179 100.01
Bl 2018-09-09 B site (127.47, 34.49) 190 160 78.54
B3 2018-09-09 B site (127.47, 34.49) 183 153 68.85
B4 2018-09-09 B site (127.47, 34.49) 116 92 17.15
B5 2018-09-09 B site (127.47, 34.49) 115 92 15.92
B7 2018-09-09 B site (127.47, 34.49) 110 85 12.61
Cl 2018-09-09 C site (127.49, 34.45) 203 170 96.62
C2 2018-09-09 C site (127.49, 34.45) 196 165 87.48
C3 2018-09-09 C site (127.49, 34.45) 186 158 73.24
C4 2018-09-09 Csite (127.49, 34.45) 130 105 22.31
C5 2018-09-09 C site (127.49, 34.45) 114 91 15.31
Co6 2018-09-09 Csite (127.49, 34.45) 110 88 13.74
C7 2018-09-09 Csite (127.49, 34.45) 105 84 12.11
D1 2018-09-09 D site (127.49, 34.42) 201 170 98.07
D2 2018-09-09 D site (127.49, 34.42) 193 163 84.16
D3 2018-09-09 D site (127.49, 34.42) 184 155 72.63
D6 2018-09-09 D site (127.49, 34.42) 170 142 58.35
D8 2018-09-09 D site (127.49, 34.42) 188 158 79.31

*TL: Total Length, **SL: Standard Length, ***BW: Body Weight
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Fig. 1. Map of fish sampling sites in Gwangyang Bay of Korea.
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2 AFoA AHEE EAX] (Table 1)+= 2018 99 3
Fut Aol A Hex2FoltE o83t o5ttt F
oFat o]& X HL A (127°48'W, 34°52'N), B (127°47'W,
34°49'N), C (127°49'W, 34°45'N), D (127°49'W, 34°42'N)
(Fig. D2 F 4 AFNA AAsh AT BFA] =
Z 23| APAR F7]+= SA1 A (Body Weight,
BW), A%} (Total Length, TL), A% (Standard Length, SL)
< ST § 28 23E Rt MES —80°C Deep

freezer (Thermo Fisher Scientific)o]] 23}t

2. Genomic DNA £&

H 73] total genomic DNA 522 Bioneer®] AccuPrep

genomic DNA extraction kitE A3} A5 == Protocol
of wet st A3 42 EP tubeo] TL buffer 200
uLE ¥ 282 3L #2434 homogenized}tll Protei-
nase K 20 uL, RNase A 10 L& o] Tjid 3}t RNAE A
AsH T 60°Col A 1~2A1ZF Lysis 32 #AX1 GB
buffer®} Ethanol& ¥ €482 ¥ A54g Hsisict
WA1Z} WA2 bufferS E3 washing 32 AX & EA
buffer2 Genomic DNAE elutiond}o] ARE-A|7HA] —80°C
Deep freezer (Thermo Fisher Scientific)o] E#3}gG oo z}
A 94, 8, 2% A/ 5 FEE 7|53 Tk
ZZ% DNAQ] AZFL 1.0% Agarose gel (w/v)E UY=EY
(NanoDrop ND-2000 spectrophotometer) (Implen, Munich,
Germany)© 2 274 2el5sict.
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B3R 9] nEZE=g o}l DNASA COI §8% FEZL
93] Bioneer®] Taq DNA polymeraseE AF83}o] PCR
(Polymerase chain reaction)2 33l th S0 o]&
E Primer= Forward: 5-TCAACCAACCACAAAGAC-
ATTGGCAC-3'¢?} Reverse: 5'-ACTTCAGGGTGACCGA-
AGAATCAGAA-3'0|th(Ward et al., 2005). 30 uL PCR
mixture®| = 20 uL B ultrapure water, 3.0 uL 10 X PCR
buffer, 1 pL of ZZ+] primer (20 mmol L™"), 1.5 pL dNTPs
(2.5 mmol L' each), 0.5 uL Taq DNA polymerase (2.5
U pL™", Bioneer, Korea), 121 3.0 uL genomic DNA
template (25 ng uL™") o] ZFrETt PCR cycle 2AL
95°Cell A 787E 27] Mg F 95°CollA] 40z WA, 55°C
oA 40% primer AF, 72°Col|A 187 T4 S 403
HHEsto] FEsHglon, BHE &g & T A2 72°CY
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line indicated multiple sequences of P. argentata from B site, the purple dotted line indicated multiple sequences of P. argentata from C site, and the green dotted lines indicated multiple

Fig. 2. Multiple alignment of COI sequences in P. argentata of Gwangyang Bay of Korea. The red dotted line indicated multiple sequences of P. argentata from A site, the blue dotted
sequences of P. argentata from D site



HIX| 0|EZZ2(0F DNAS| HE 2A 069

Pennahia argentata GY 12
Pennahia argentata GYDS
Pennahia argentata GYC3
Pennahia argentata GYC1
Pennahia argentata GYAS
Pennahia argentata GY -
Pennahia argentata GYAS
Pennahia argentata GYA4
Pennahia argentata GYA1
Pennahia argentata GYA2

920
92

Pennahia argentata GYA9

Pennahia argentata GYB1
Pennahia argentata GYB3

Pennahia argentata GYB4

Pennahia argentata GYB7
Pennahia argentata GYC2

ssL— Pennahia argentata GYC4

Pennahia argentata GYC5
Pennahia argentata GYC7

20 Pennahia argentata GYD |
TZE Pennahia argentata GYBS
90 . GYD(

Pennahia argentata GYD6

0.05

Pennahia argentata GYC6

Fig. 3. Phylogenetic tree of the COI sequences in P. argentata constructed by neighbor-joining analysis (bootstrap value 1000). The num-
bers at the nodes are the percentage bootstrap values. The color indicated individuals each sampling site (Red: A site, Blue: B site, Purple: C

site, Green: D site).
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Fig. 4. Phylogenetic tree of the COI sequences in 13 species of fish constructed by neighbor-joining analysis (bootstrap value 1000). The
numbers at the nodes are the percentage bootstrap values. The red doted rectangle indicated the clade with closely related P. argentata and P.

argentata individuals in the study.
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& AR BFR A #A UEstth(Fig. 1 and Fig.
2). Fgute] oot oJdfi= ket SR (RE, E&E,
TOC, TC, TN, TP, Chl-a, EC, TIC)E¢] 2}o]¢} 317 DNA
(eDNA) #4& 58 TEE9| thgdrol HiEgth(Jo er
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o Aibs Fgtel MAste BRIFAEY Mg B
AlAAE e T (Fig. 3). B2 COIDNA AJFAR 7
44t 2423 A%t BAYE BTA S Hls) Co}
DAH BFAEY S WsWA} o chered e
< 3Helaigich (Fig. 3).

Uo7t 2 A7 A= Genbankd] TEH E{A| 9
W& EF3t 1359 oF (P argentata, Pennahia Mac-
rocephalus, M. miiuy, Argryosomus japonicus, Otolithes
ruber, Stellifer lanceolatus, Stellifer microps, Stellifer rast-

rifer, Umbrina bussingi, Umbrina robinsoni, Plagioscion



Table 2. List of 13 fish species for phylogenetic analysis.

E37X| 0|EZE2|0F DNAS| AlE &M 27

Specific name Sequence ID Bay, Pacific Country Seq. identity (%)
Pennahia argentata (Silver croaker) AFB829%4 Rongcheng Bay China 99.83
ARI49379 South China Sea China 88.76
ARO49288 Indo West Pacific Taiwan 88.34
AXJ20947 Taiwan 88.34
Pennahia microcephalus (Big-head pennah croaker) ARO49305 Indo West Pacific Taiwan 88.30
Miichthys miiuy (Mi-iuy croaker) AEO17093 South China Sea China 88.26
AF174404 China Yellow Sea China 88.26
ARO49227 Indo West Pacific Taiwan 88.20
Argyrosomus japonicus (Mulloway) ADQO0052 87.22
AEB16398 Canada 87.02
AKC94388 Taiwan 87.02
Otolithes ruber (Tigertooth croaker) ARO49260 Indo West Pacific Taiwan 86.89
ARO49268 Indo West Pacific Taiwan 86.89
Stellifer lanceolatus (American stardrum) ADQ24248 Canada 86.53
Stellifer microps (Smalleye stardrum) AKC94467 Taiwan 86.53
Stellifer rastrifer (Rake stardrum) AFN20833 Brazil 86.07
Umbrina bussingi (Bussing’s drum) AKC94471 Taiwan 86.01
Umbrina robinsoni (Fusca drum) AEB18283 Canada 86.00
(South American siver croaker ADETS608 Canada 8559
AJK30055 Brazil 85.59
AVK87728 Argentina 85.59
Roncador stearnsii (Spotfin croaker) ADF57101 California USA 85.43
AKC94461 Taiwan 85.43
Nebris microps (Smalleye croaker) AFH09102 Brazil 85.04
AFH09106 Brazil 85.02

squamosissimus, Roncador stearnsii, Nerbris microps) COI
dd ofmjiAl AJHAE HIR O R ATHASHE BAE

=481l ch (Fig. 4 and Table 2). 34T RIS AF
FRAH o2 F=1} Blo|ghol A g R z)ef X134
SATAZE Aol G 53] S92 Rongcheng
Bay 27| (AFB82994)%} 3t Fofut B Eo| shit
9] AlE< (clade)s °|FUth. o3 Aip= HFA] F
oA AL AFEAd0] ol oA HuE B9}
AR Yetdth & A= 4 A B3] nEZEE
ofe] fAA 7|Yo] THAB/AE Tt 5 &S HoF
ek SHATE B3R Flol Az Fofv B A Ae
SABA 7 L BEIX] (sequence identity (SI)=99.83%
in Table 2)= 3t AEZL o]2X| 4t SAWA 7} tha o
R EL(SI=88.34~88.76) 2L £ o= B3 ot
E ATEE olF = Ao 271} e g ofFof H]
3 At BFA Y FAH tFgol w1 B3FAIZEe] A
Hog A 2 Ao 2 EAHF}H(Kim and Song, 2011).

3 &) 5ol AH (P. Macrocephalus)@: R 0] (M. miiuy)2}
Az ZAFAE HeErle. o2 oFolA= N. microps,
P. squamosissimus, O. ruber, M. miiuy, A. japonicuss°|
Zt o|Z7|8] WHe AZEE FATIE L, S. lanceolatus
&} S. microps= 2 ATE BT AL A
E3 Maximum Composite Likelihood method & ©]&
stof olF 209 TABA 243 919 DNA 9714 @
7| AR HEE A3t A3, Bl o] XA
52 N3k A7t 0.005 o]st2 UEFg{ThH(Table 3). S
I} glojghofl A HuE HF2eto] 3 A= 0.0362
2 Uehta e o2 Sahe) A5 A 0.036~0058
Aol 2 Jo) (M. miiuy)} 5o €] (P. Macrocephalus)©|
23} o]Z3} RAFE Art M ke Ao 2 eyt
o o2l H BERCelol DNA WE U AFAY £
4g B9 A% BAS Ao| HIHT Yk 2759 o
2o A AERSZE BXAAT Johnius taiwanensis7} Joh-
nius trewavasae (MG 917694)9} Z+e AELE o|FH t}
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HIX| 0|EZZ2(0F DNAS| HE 2A 073

£ Johinus A1FET X3H ZAB/AE UEtH= AT
62 FOlEth(Chao et al., 2019; Lin et al., 2020). E3F
2059 ojFolA AFXEH EAZAT} Nibea diacanthus
(Blackspotted Croaker)7} Pennahia argentata (KC545800)
o e ATTEE o|FH Nibeao| &3k oF3 7513
+AHAAE YeERATH (Cheng and Zhang, 1987; Hu et al.,
2016; Hu et al., 2020). 3jFo]Fox FH& HRE 7|4t
02 3 F gFdTe ARH R AFET YUrh(Wei
et al., 2012; Song et al., 2015; Hu et al., 2020). o]°] 2 <
T 22 ofF7Y {AA wHol ¥ X3 THTA B4
A 7)2e A4 9 2o gjg AR} B0l (Kwon
et al., 1999; Koh et al., 2014; Huh et al., 2018) 3| & =}
do] Pelek wES o) 2o B8 5 YL Aol
o ojge] BlEZE ol DNA ASAHE BHL AaH
Mol £3o] 12 FYH AN, 27 5) £RE AT o
$A90 §04 ZuE ABSL 671259 Foluh
JehE 9] HE FhE HHL A% N1ES AU
(Kim and Song, 2011; Song et al., 2015).

¥ 2

HIs dR4Pe2 A NAZCRE de| x5t 3
& AZoll =2 A2ste ofFolth. Fgutel A2t B
T2 9] nEZ = 2|0} DNAYA cytochrome ¢ oxidase sub-
unit [(COD) {AAE W2t S| AFZTANA Y ASsH
Al Y& EAskh T2 E v EZE2oF DNA
W 605bp COI L9 thEujd 2} Fgit H4LAE
A= =2 A7IAE AsA8E FUASHAT (98~100%).
shA|RE FFet Wafiel s o E x| el wat F7]A
d #ol7t gE2A vt AL Slskih A A
o HAAEoA COI W A7IAE WHol7t =4 Yttt
(43.2~70.3%). YFo17t 13 o179 COI AleHAsHs &
A4 FUt HEX = ol Hiug HFX| 9 )
9] AFT (clade)2 = Foli 3 A= 0.0362
2 yebgth B3 Wo] (M. miiuy)2} 7Ol 5 &} (Pennahia
Macrocephalus)ll 43t o|F2 Z13H4 A7t 7l7ke A
© 2 YEETH0.041~0.048). & A9 A= A B
TR A AeRATH JERE ATFLE A
I ofAY HUHY 2 T TEo Fad 54
A ARE &89 Aolth

MAFEE v A desha s4), B (dedieha &

T34, HY (At B4)

MAZ| = A FUE, 8 FY4 & 971 &
A, 24 A & 9719, AEA S HAAL & 9HA
A &7, A2 AU & 979, 93 2QbAA:
Y & H71, 93 g AU, 2, A Y, 9
13 9 A& FUA, 2714, B, A A, A
TH] e FUL BE ARs =29 2] s
i, 20 HFES 4B Tyt
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