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EF Cytb, ND1 X ND2 #J DNA £#45
HERE R EE R A

EHAAY AT BEEE? £ O#K?
T OE? WMEA? F OB BELE TRAe’
(1. WYL K E RGP R TR AR S 0 Wiy Frl 3160225 2. i EUK F=RF2E0F 5T B
WK T T RIEERAESEARR S ER LR FRER TRESZR=E LR FH  266071;
3. WMWK ARAR IR WG 265122)

WE  VEIREYE(Seriola)® K Pl AR 2 F LA A, NDNAXBEAERL, 2407
% WK 40 1 % b (Cyt b) .NADH it 2 BE(ND1 71 ND2) 4t [ 7 # 4 #f(Seriola lalandi) . & t4&f(Seriola
dumerili)fn # 4#i(Seriola quinqueradiata) %4 & & 2 4y 45 7 Fn R Avt b DL B0 HE X 30 5 7l o iy 2
A, £F8 T, Cyt b HEKXIAHHE N A+T wHE, ND2 ZEFHRTEERS, TREN
20.52%, ND2 Zt F(Hg=0.900, P;=0.082)#y % % % ## 1% T NDI1 (H¢=0.874, P=0.077)%1 Cyt b
(H=0.814, P=0.061). thix 7408 & 2 3 F 3L [ J7 7] o & A 45 4E, 25T NDI1 Fn ND2 2 F i 5 ey &
B KA AL IE A o M N IE B 10 20k, {E Cyt b FF X &AL i E#R(Seriola
carpenter)# IR A TR, RAH NN BT, BNIHEL KL RS L, 3 NEEH @ THE 3 Foh
BB KIATER, AT HRKA KR E ALK IANFREASWEFOMHE, Hik, Cytb, NDI 72 ND2
FE AT 88 2 2K 4y Fh 25 2 B0 2 DNA &0, 30 ¥ 1E 4 A Tl 3 32 b #F %) 0 Fn Fh B R A
FRI W KTE, R E O R R A R A R KR A A R UR B T S S A R R R
KR BB & K; DNA &H; difrke; ZAFM0T

FESES S917  XEFRIEEE A XEHS  2095-9869(2022)06-0089-13

it 2 6 H (Perciformes) . #5%}(Carangidae) . BT RE . WL R BRI
)& (Seriola) A M AR, B—REA 2REOKEHK BRI Wi)E .25 9 A (Takeyama et al, 2001; Nwani
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etal, 2011), AL “FFF47 . “FREIE” R
%, REMSAAE 3 FhEE @A, 458 A0
(Seriola lalandi) . & ¥ #if(Seriola dumerili) Al fi 2%
ffi(Seriola quinqueradiata), A REEH . HHREE,
RZH P EEBWIEEE, 2017); HAMERK, 4K
PR, S A TR R R Bt SR A, TR AR Sk &
JRGRIC IR SR A L H bR A2, 3 Fhii)E 112 5o A
RIS €5 FN 25 80, I FH A% G0 )T 2852 28 7 O i LA
WOBER, RS SZAG U RN AR AS L ME X 4y i)
P L RGO . R A [ PR E S 5 5 B RE
B N BT ISR AR DL A £ 25 B e £0 2k
[R) 5 A % A (Iguchi et al, 2012), w3 & 7 — i
fEEE . BRI R R ik

LRRIR DNA HAT KB4 | 4h R faion | HED S0
R BE P 3 A5 AR AL B P R, BAT, FE N EAR Y
S FRRCH) I TR T R G RS
R 385 2 A Sk (Wilson et al, 2010; 315 5%,
2008), DNA I RSAE 2y 43 F %8 i UL L e B3
BAERI T, AR AMIRN SR XD | AR
HER . A REBASN . S 5 LA N DNA R
Bt, fxft Barrent 55(2005)8EH, TEY) UL E Ik
R A3 M b #8845 #4519 1 i (Sepulveda et al, 2019), ¥
W THERIEEFERE TR, H, DIkl
Jf (5, 2 A AL T (CO T )il Tty b s o8 I
RITIZ (RS, 2015), B SR AR K RW & ),
P EE P AY Cyt b il NADH i UBFSE R (ND 3
PR, o T 55 % 6 22 03T 1) ol ) VR A 1) 3 £ 25
543 M (Clayton, 1992; F&DUYEZE, 2011), Cyt b 7EAA]
Py 2B I AL 25 5 . HEVRUI A5 (2009)i8 13
£ERifR 16S rRNA . COT HI Cyt b KK F Bt F &/ #r,
4 P {0 (Gadidae) i % 8 $ A T 4 5K HE . ND 2
PR 7E 0 2 AN [R] 43 28 B JC B 2R G2k B 9 v R 4R AR
(Serb et al, 2003; Bowen et al, 2008), %% H K%(2014)
Wk NADH i S5 [ (NDDZEH T T 16 Fi

U & (Plectorhinchus) 25 SR 2 K R 5 = A5 (2013)
30T T 3R E 17 A M 38 (K 2 i (Channa argus) 4 {4
NADH Jiit & il 7 5 11 (ND2)JF 5 i A% 2 REE,
fi8 73 SRR G AL BRI TR o AR BT R AR
Cyt b, NDI1 il ND2 J P 7E6fia £0 2 ) 4 e R4
K153 v I M, DAY R i £ 25 R ) L R R
3 FR S0 R AR A B PRS2 R 4 R AR AR A

1 #MR57FE
1.1 SEIesH#

TR 3 PP 0 S RE 5OR S T AR T 7E(26°62'N,
119°75'E), #48if(SL) [n=3, KT }(2.97+0.15) kg].
FEHAT(SD) [n=3, 1A 4(3.40+0.48) kg]. TL44H(SQ)
[n=3, AT Jy(4.78+0.54) kg, A, RETIRAFE
B4 (ASL)(33°44'S, 151°45'E)[n=2, A Jy(1.86+
0.26 kg)]F1 H AR B &MFISL) (32°45'N, 128°27'E) [n=2,
PRTE R (1.2420.18) kgl BFABERRES . SREEM T A FE
ATE B A E I E R R OBV N . A i
FH MS-222 R, UM EETA TCK SEE R,
TR N 4H DNA f42HL,

1.2 EFH*

121 A RADNARR BB 2R N 25 mg,
e 5 B R B TG B DA R, SR P RARMETE S
ZHZ0 DNA X &2 DNA, 2 BR300 Bk 7 #4E
T 2 B AR R Pl VK FTAZ TRR B F D {5 DNA ¥
FERAEE, 20CHAT

1.22 PCR# 3%  MHEFHILLXS 7301 Cyt b
ND1 F1 ND2 BRI 4 3405 5 5 [ 91 (3R 1) .3 S EE K 1) PCR
P AR 50 L, €04E rTaq B 25 pL . &k 2 pl .
FRWEG 45 1 ul Al ddH,0 21 pL, PCR 474 55 {1 2
P 2, YSRGS G LA TAEY TR (L)
JBE A BIR 2w R

®1 3MMEEXEHKE DNA £ PCR 3|
Tab.l Mitochondrial DNA barcode PCR primer of three Seriola species

FH Gene 519175 Primer sequence (5'~3") B ki  Annealing temperature/C PCR =% PCR product /bp
Cytb ATGAAACTTCGGCTCCCTC 52 538
TAGGGGTGGAATGAAATTTTGT
ND1 GGGCCCTACGGGCTCCTTCAACC 63 673
CGGGGGTAGGAAGCTCGGAC
ND2 ATGAACCCGTACATTATGGCCCT 55 907

GTGGAAGCGTCAGGGGGCTGA
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Tab.2 PCR amplification conditions of three genes

FA P14 41} PCR condition
Gene 75k Initial denaturation 1Bk Annealing 72°C#Efft 72°CExtension /s fE¥4{ Cycles #%/5#Eff Final extension
Cytb 95°C Smin 52C 50s 50 38 72°C 5 min
ND1 63°C 50s 60 38
95C30s 4°C Forever
ND2 55°C 60s 100 38
123 HPEALE B R AT Wy 25 R A P A+T fmfat; ND1 3£ (49.5%)F1 ND2 FE[A

DNAMAN F1 DNAstar {53547 7 5 BHE AL IE, JIf
16 NCBI %4 PE 4T BLAST HXf. M GenBank %4
ET S ANISE 3 RSP 1 X B — B s R a2
Cytb. NDI fil ND2 JH ¥ 51, >k H DnaSP5.10 #ff:
AT UL Z M SEO T, ARG (h) . fE
ZFEPERRBU(Hy) . TR ZHEMHR (P . 3T
222 S B(K5E , 351 MEGA 7.0 8%, 883 o) it
R, BT ARGE, AR S . 2
15 B s AR 7 055, 38 B KA SR (maximum-
likelihood, ML), HZ*kz%: 1000 &, kM Kimura
2-parameter BB RBAL I, HFHMERELEW.

HZRES

21 EEFRIISH

3 P 2 R A TR B G 3 AN H Y
FBe, kAR 68 40751, MFAEIR) Cytb, ND1 Al
ND2 H B /N5 ky 538, 673, 907 bp, SN 45
—&, 3 FhiijE 250 Cyt b, NDI1 F1 ND2 H K Fr B
FT, C. ARG ERILE 3, Cytb FEHH A+T
IR 50.9%, WEET GHC I H(49.1%), %

2

(498%) " A+T FH & EHILF G+C FH T &
(50.5% . 50.2%); Hrf, TLAMWEND2 FEK GC (51.1%)
TR T REAEIGC (48.7%). B ND1 F1 ND2 3£ [H4h,
Cyt b JEH R A+T R e

3 AR RS R LR 4. Cyt b JRFIH,
553 BN GC & (56.6%) W 5 T4 1 FIES 2
BERL TV 15.(46.8% 1 39.4%), HAS 1 %A 1748 T o 5
= (33). ND1 ¥, 5 3 #iFfis GC &t
(43.9%)IK T4 1 FI%E 2 %0517 55(52.7%F1 55.0%).
ND2 J¥5IH, 55 3 BT 8 GC & (44.6%) K F
51 A 2 B TALE(51.7%H 54.0%), ND1 452
5778 S5 AR 2Z AN K, ND2 55 1 850 178 S A7 1 i
K (54), BRFEA AR Cyt b LD LI I 5 A+T f
it

3 Pl 1 285t 1L ZRETE S BUSE T INEE 5 FiR .
Cyt b JEH FF 28 5 F N 16.73%, KT ND1 (17.53%)
H1 ND2 (20.52%); ND2 1) 545 B Z A T8 50k 0.900,
5 T Cyt b (0.814)F1 ND1 (0.874), FHHHIs (L ZREME
o MO R 2 5 ECRAZ IR Z AR MEFR UK E
ND2 (0.082)J%: A = T ND1 (0.077)F1 Cyt b (0.061), 3
W, B SRR .

£ 3 IFHIEAZE Cyt b, ND1F0 ND2 EFE R EARK
Tab.3 Base composition of Cyt b, ND1 and ND2 genes in three Seriola species

e Cyt b lEE & ND1 fisi 5 & ND2 il 75
S Cyt b base content /% ND1 base content /% ND2 base content /%
Group number
T C A G T C A G T C A G
SL 27.9 32.0 23.2 16.9 26.7 32.8 22.1 18.3 25.1 35.0 249 15.0
JSL 27.9 32.0 23.1 17.0 26.7 32.8 22.1 18.3 253 349 24.9 14.9
ASL 28.3 32.0 232 16.5 27.0 32.5 22.0 18.4 24.5 35.1 23.8 16.6
SD 27.5 32.1 23.2 17.2 27.6 32.1 24.1 16.2 25.6 33.8 25.7 14.9
SQ 26.9 32.8 23.4 16.9 26.6 32.7 22.1 18.5 24.4 353 24.5 15.8
SE- Average 27.7 32.2 232 16.9 27.0 32.6 22.5 17.9 25.0 34.8 24.8 15.4

TE:SL: "PEBEAME; JSL: HASHAME; ASL: WRFWH40H; SD: SikHf; SQ: F AW
Note: SL: Seriola lalandi from China; JSL: S lalandi from Japan; ASL: S. lalandi from Australia; SD: S. dumerili;

SQ: S. quinqueradiata
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&®4 3MEFEEZE Cytb, NDI1M ND2EEFI A BREEMTFREARRERMES
Tab.4 The sequence composition and variation of Cyt b, NDland ND2 genes in three Seriola species
. Cytb ND1 ND2
¥ 45 Site e
T C A G G+C V T C A G G+C V T C A G G+C V
5 175 Istsite  25.8 23.0 23.8 27.4 46.8 28 19.6 39.5 27.7 132 527 40 182 394 30.1 123 51.7 54
2 2 5 2nd site 39.5 243 20.1 16.1 39.4 33 21.6 25.7 23.4 29.3 55.0 39 182 32.1 27.8 21.9 540 64
% 3 Vi 3rdsite  17.5 493 259 73 56.6 29 39.7 32.6 164 11.3 439 39 38.7 32.8 16.7 11.8 44.6 66
VRSN &SE Note: V: Variable sites
*5 3MERRENBEESEFESH
Tab.5 Genetic diversity parameters of three gene fragments
HH Ry WAL Z eS80 Genetic diversity parameters
Gene Sequence length /bp C \V; PI R h Hg k P,
Cytb 538 448 90 88 4.63 7 0.814 32.577 0.061
NDI 673 555 118 118 6.87 7 0.874 47.115 0.077
ND2 907 722 186 186 3.89 8 0.900 74.165 0.082

(35 C: 1%%:1j)§'\, V:
SERH R ZE R P BHRZEEEIR

AL Pl 2 B Ry Fel/AR Lt s he BB RIEG Hy: BRI REMESREG ke

Note: C: Conserved sites; V: Variable sites; PI: Parsimony-informative sites; R: Transitions/transversions ratio; h: Number
of haplotypes; Hy: Haplotype diversity; k: Average number of nucleoside difference; P;: Nucleotide diversity

2.3 BEEEESH

FETF Cyt b FE K A8 1025 B 18 15 1 B 47 445 2R
W 6, FhNBILIEE A 0~0.006 (124 0.003),
6] - Y3 AE BE B g 0121, S P P-4 AL B B
40 1%, £F4 Hebert 5(2004)42 AT “10xFLN”, JH
W, LN A s R O 2 0 R BT, AR N
(0.004~0.009), # Cytb RNEEA LXK 43X 2 Ffa, H
[ 5 H A 8 4500 ~F- 1 152 4% FE 25 04(0~0.002), 5K
IV 8 2R 35 A5 B B 25 R 0.029, AT UL Cyt b FE (4 g
BRAX A E L H AR BRI AR Wii)E
fn] 4 FhEBRL 02 0] A8 44 1 % 1 >0.12, KW
Cyt b BRI AT FH i 625 5 HAB SR 21 X 45

BT NDI1 K&K BOiHJE £ 58 ) 38 4% 1 B8 40 M 4
W3 7, FRNBEIEE N 0~0.007, SEXE LI N
0.002, J&MNFPHEILIEE N 0.048~0.173, FHiufl
FEES R 0.077, AR E LR B Y 38.5 fif . B4R
-5 T A% Wi 14 1 25 £ /1N (0.083~0.087), -5 g ARy
L IE B % R (0.137~0.139), P E FI H 7 B 4 7
A% I B AL/ IN0~0.003) , H ] 5 WK B 2 it A%
FE B R (0.048) . ) 10,25 5 FL A SR} 0 2 ) i A% R
B K (0.142~0.250), F B ND1 J [K g R if)m fo 28
[F) b R R A RLX G, 38T 05 288 R
=1 a3 5T

BT ND2 FE K B8iH)E £ 38 1) 3 A% B 2 4 B 4 SR
W 8, FhBALIEE A 0~0.003 (78 0.002);

] P-4 FE B 0.092, S N P-4 AL R 55 10
46 5 AR AR AL PR B 4705 (0.091~0.098),
1o VRA 5 T 2R 3545 B B 4 K (0.160~0.173) . HY [ A
HI A Tl 3 2 25 0 1) 388 4% 1 5 (0~0.003) 322 /N T F [ A1
WK ) S b B 19 358 4% 15 15.(0.055~0.058) o Bk /N i
(Seriolina nigrofasciata)#h , g fi 2 5 53 4k 3 FhisFlL
RGBS TE 023 DI b, RELRRIE, %
] ND2 3[R n] A R0 X e f0 S B B as R b
AT SRS ) b FE A 7 1) 5 4500

Rt o H

LT Cytb. ND1 1 ND2 JE [ ¥ 51 ¥4 2 1 e
R RGO KB, HIRINE 5B S50 —
H, EEAIEPARS L R AN E SR —
K35 55— N K B [/ % (Decapter us macr osoma) |
I3, % (Parastromateus niger) Fl 47 3¢ £ (Trachurus
trachurus)4l il . RGE AT BN, FA-AFhER R
SRANST A3 SZ, A WA e A AKX A3 H B A TR & i S
JZ ., [AlmF, T Cytb. NDI FI ND2 #4 & LR i
N, HEIRH AR SRR S S oy 3, FTA R A
B . HAHRE AR #4500, ah, B AR A
RN—3, PRI BE0HR Sy — 3, RBLH A B A
LIRS R R o FET Cyt b JE [, JLP WA = R i3
PR R A AR, RAE R —45 05 b, ekt T
AEX Sy, AT, BR Cytb 41, ND1 Il ND2 JE[H i g
f) ML 4§ XoF a5 81 2% P99 AN [) £ R 5L A R A A BRI T

24
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Fig.1  Maximum-likelihood phylogenetic tree based on Cyt b gene (The number on branch is confidence value)
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Abstract

Seriola is a genus of Carangidae in Perciforms; they are long-distance migratory oceanic

species with global distribution and inhabit temperate and subtropical marine waters worldwide. There are

nine species in Genus Seriola. Three species, including S. lalandi, S. dumerili, and S. quinqueradiata, are
found in China's coastal waters. Seriola fish is large, fast-growing, and highly favored by the international

consumption market due to its excellent taste, nutritional quality, and economic value; furthermore, they

are promising for open ocean aquaculture. In 2017, a significant breakthrough was achieved in seedlings
production of S lalandi by Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences
in China, and the scaled juveniles' production technology was established in 2019. In 2020, another
breakthrough was achieved in seedlings production of S. quinqueradiata in China. Since 2017, the
farming industry of Seriola fish in China has entered the fast development era. Nowadays, the Seriola
species are farmed in Liaoning, Fujian, Shandong provinces of China, etc., and the annual farming yield

was about 20 thousands of tons in China since 2018.

These three Seriola species, natively distributed in China, have similar exterior morphology and are

hard to differentiate with naked eye and traditional differentiation methods, especially in case of the

juveniles. In addition, an allotype phenomenon exists in Seriola fish in global oceanic waters. Therefore,

it is necessary to establish a simple and efficient molecular species identification method to facilitate the

species and population determination of Seriola fishes in international oceanic waters. Moreover, it also

D Corresponding author: XU Yongjiang, E-mail: xuyj@ysfri.ac.cn
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could be beneficial for discrimination, conservation, and sustainable utilization of natural fishery
resources in international public waters.

Many scientists have studied the germplasm and population genetic characteristics of S. lalandi, S.
dumerili, and S. quinqueradiata from international waters using nuclear genes and mitochondrial markers.
Still, there is no information on the genetic background of Seriola fishes in China. DNA barcodes are
widely applied to species identification, systematic analysis, and population genetics of fish because of
their sensitivity, accuracy, and reliability, especially for CO I, cytochrome oxidase b (Cyt b) genes, €etc.
Furthermore, when DNA barcodes are applied to species identification or hidden species analysis, the
combination of several DNA barcodes could be more high-efficient and accurate. Thus, in the present
study, to explore the applicability of Cyt b and NADH dehydrogenase subunit 1 and 2 (ND1 and ND2) to
species identification and evolutionary analysis of three Seriola species, including S. lalandi, S. dumerili,
and S. quinqueradiata were investigated and determined. The finclips samples were collected from three
native distributed Seriola species. S. lalandi samples were also collected from Australian and Japanese
populations. Genomic DNA was extracted from finclips, specific primers for Cyt b, ND1, and ND2 genes
were designed. The PCR reaction system of the three genes totalled 50 uL each, Including rTaq enzyme
25 pL, template 2 pL, upstream and downstream primer 1 pL each, and ddH,O 21 pL. The results showed
that the target fragments of three genes could be amplified from the genomes of three Seriola species, and
68 gene sequences were obtained. The sizes of Cyt b, ND1, and ND2 fragments were 538 bp, 673 bp, and
907 bp in length, respectively, which were consistent with the predicted results, wherein Cyt b gene
sequence showed obvious A+T bias characteristics. The mutation rate of the ND2 gene was 20.52%. The
genetic diversity of ND2 gene (Hq = 0.900, P; = 0.082) was higher than that of ND1 (Hq = 0.874, P; =
0.077) and Cyt b (Hg= 0.814, P; = 0.061). The results indicated that Cyt b, ND1, and ND2 could be used to
identify the three Seriola species natively distributed in the China oceans. In Seriola species, the
interspecific genetic distances of the three genes were more than ten times the intraspecific genetic
distances.

Furthermore, the evolutionary tree based on Cyt b, ND1, and ND2 shows that Chinese and Japanese S
lalandi are clustered into independent branches, effectively distinguishing Chinese, Japanese, and
Australian S. lalandi populations. In addition, S. lalandi and S quingqueradiata were clustered together,
while S dumerili and S rivoliana were clustered together, showing similar genetic relationships with each
other. Based on the Cytochrome b gene, S carpenteri and S dumerili showed high sequence homology,
were clustered on the same node, and could not be effectively distinguished. It can be seen that except for
Cyt b, the maximum-likelihood tree constructed based on ND1 and ND2 genes has accurate identification
ability for different fish species from the Seriola genus.

In summary, Cyt b, ND1, and ND2 could be used as DNA barcodes for species identification and
geographical differentiation of Seriola fishes. A variety of DNA barcodes could be combined to achieve
more precise identification results. These DNA barcodes could also be applied to evaluate and conserve
the genetic diversity of farmed Seriola species, which could be beneficial for sustainable utilization of the
germplasm resources of Seriola species.
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