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2018 KopE OE R 46 45

LY 2RISR L T S HEOR T B,
B AP PCR Y ANy, R4S T
(Cyprinus carpio) R (Carassius auratus) BRI
K FH, 8 T Has % A8 SR IE K3 R 43 A1 71
o ZRRERRAEN @ BORR 4 B A T8 L T
iRl (Salmonidae) FZEMYIFI PRI ARGEHL T

¥ 4 L 85 (Pseudocaranx dentex) J& i £ H
(Perciformes)fis #} (Carangidae) il 5 J& (Pseudocar-
anx), MK B Yakss | BN . K
et PRERZA, PERmO b ] iR & A
—se A S A A, A S Tz A A
TERBE IO SR VU VE R IR KR, E 25
MAER M AARTEY, WS E T IRk, K
RIROK AR S5 B FRai A =X, il TR [ TR v 73
FERIOC R R ST IOL6S N BT A . E IR
JE AR B AR ORI B R M A B
i, WigRis) W, ARk, FER K
THaG 513 B A B0 68 AT SR A S g, HUS T
AP FRAEAOR . Fo I A U85 09 N T EAH A5
WE IR, iz af N TEE 5 RE B AR
5%, AL REET R, HAr, Ebs L
FHOCHRIE Z2 0 5 5% L B R SR A AR G, R IE G
T BT 005 5T 35 4% T A AE S S G R A
FRIE DT T 4R IE", A OCE TS L S BURHE |
AL JE PR 2 25 5T 35 A% R 14 5 T B 0F 9 o A DL
FHOCHRIA .

ARG AE FF53 BT T BT HA65 B 2R AR 42
K217 91 S L SE DR S5 A R AE #0540 25 1 43
TRGELEW, HiT 17 EA e 5 H AL R A5
MIRGCHR, NEWIUBNFTREE . RELT
AL AT BIT D B A A TTAN 5 R SR R

1 MRS 7

1.1 SEIesf Rt

S5 0 K% A B A R R 2020 4R E
WL ARAE KSR R B 62, Sy 2019 4E H H
AP B A A Rb e bk ek is i 2 )R AT IR A
(T Al (M T3 it 80~100 @) M FRFH %= H] 9 Bl AL 55
B 1 B IES , R4 26.8 cm, T 490 g,

1.2 MK EE K DNA EE

K MS-222 (180 mg/L) JFRIFEJF , B U H7 41
5 MEEIRAE T IR QB . BURIEEZHZT (50~100 mg),
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i It DNA #2BUR #) & (OMEGA, 2 [#) i 71 13 B
B A TR B DNA . T8 4 B NS e v vk A
KR S I 2 U6 DNA J5 & b7 Aem)

1.3 EENF

PRI A% ) DNA FE S IR & (TruSeq™
Nano DNA Sample Prep Kit) Jy B4 # S, A
WAL (Covaris M220) 43# i K K 300~500 bp
R B, ZJEEANF 3 AL EERTITS
(index) 4%k (TruSeq™ Nano DNA Sample Prep Kit)
HEAT PCR ™ HG (0 SCPE & 4, 1T 2% BRI 1m
W SC % (Certified Low Range Ultra Agarose) Ji #%%
P B A LHL, 7€ cBot [H AH 2k & L #E47 #7 2
PCR 4" 1 A= i 5 B (clusters), /) i@ i Illumina
NovaSeq W J7 V-5 (F & Wk 5 tE W RHECA IR A #))
HEA TR Sl 5, IR EE A 200

1.4 FIHESSH

H1 T Tlumina F) Ji 6 0 3 B840 2 #7776 — 26 5T
iR AR, O 1S SE 4R e, @
7t Trimmomaticv0.39(http://www.usadellab.org/cms/
index.php?page=trimmomatic) %% {4 #F 17 i & 57 1]
[ FAAETR . EBRIZK (reads) 3L 751 (adapter);
BIUIRT 2Bk 5 A A E AGCT A ; & 55
BB reads A v (M7 &= E/N T Q20); &+
B2 N A EE 3k 3] 10% AY reads; <5 F 2% adapter
K AE 5y 5K /T 75 bp /N B 1. KB 5T
J& 1) B BLfd A SPAdes v3.14.1(http://bioinf.spbau.ru/
spades) X AR TR . HES . PREE, PRk
T R RE 08 e HLZH RS BB R PP A A e 7
H), FHARHEFE B (overlap) HEHEFF, 1558
UL 85 0 2ok IR B IR Al F 81, A MITOS
(http://mitos.bioinf.uni-leipzig.de/index.py) K {4 X} 2k
RLARE N T H . (RNA HI rRNA Y
O, KX MITOS Tl i Wi ia 2 8 L 004, JIF
N T T e PR )8 0 LB 2 5 R 2 1 5 - 1 A
B, AR TR PR SFHE N A . 385 tRNA scan-
SE (http://www.Genetics. Wustl. Edu./eddy/tRNAscan-
SE) {44 #E 17 t(RNA £ i, RNA 2544 (RNAstruc-
ture) fEL T, A HE A CGView (http:/stothard.
afns.ualberta.ca/cgview_server/) X} kf ffy 3t [K 4 ¥E 47
Pl 11 e s, I 4 2 1 4 P B DAL 3 Blast HEXF
# 47 NR (NCBI non-redundant protein sequences,
AETCAYE P 5 88 ). Swiss-Prot (A manually
annotated and reviewed protein database, % [ 5 J#

R E K224 F 7/ sponsored by China Society of Fisheries
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113 EIFA, 5 BRSO AR K P K RO R R RE 40T 2019

G B B E ). eggNOG (evolutionary genealogy of
genes: Non-supervised Orthologous Groups, E % [f]
T 4 4 HL X i 1) . KEGG (Kyoto Encyclo-
pedia of Genes and Genomes, U #RHE R ALK 4 5
B4 45) Fil GO (Gene Ontology, 3 R A R 16 ¥ s
JE) R

15 BReREHNEEEREBRGHN

M GenBank H1 T 2% 18 Fifi5 Bl 1 S 4 p 1R 3
HA P (1), i Clustal W B {1775 £
X, R MEGA 7.0 8k {4 P (454 5 (Neigh-
bor-joining, NJ) HJHRFE K BW .

x1 BRERXERFERARERR

Tab.1 Origins of mitochondrial genomes of Carangidae fishes

&

genus

Yo

species

GenBank 3% 5
GenBank accession no.

4K /bp
total length

MiEJE  Selaroides s S. leptolepis KM522839 16 560
HHERJE  Atule TiFEH42 A mate KM522838 16 565
Blrt2JE  Alepes M2 A kleinii KF728081 16 571
KHE2JE  Megalaspis KHEE M. cordyl KM522836 16 566

HEEE  C armatus AP004444 16 556
#42J8  Carangoides mEE S C. equula KM201334 16 588

By B2 C malabaricus KJ174514 16 561
YE2J8  Parastromateus 548 P. niger KJ192332 16 561
YrEtul®  Trachurus et T trachurus AB108498 16 559
FEW2)E  Uraspis HEREFE U secunda KT819204 16 554
58 Decapterus K52 D. macrosoma KF841444 16 545
MEi2)E  Selar JEIRMJEE2 S, crumenophthalmus KJ148633 16 610
/NI Seriolina NS S nigrofasciata KT591876 16 531

HA %0 S. lalandi AB517557 16 532

TFEEEE S lalandi MH211123 16 609
fili)®  Seriola Tk S quinqueradiata AB517556 16 537

RS S, dumerili AB517558 16 530

KAEWE S, rivoliana KP347126 16 530
Yitiz)E  Elagatis Yi4kt2  E. bipinnulata KT824759 16 542

2 ¢ tRNA %K, 24 rRNA X [H (12S rRNA 1 16S

21 EREHER T

BT FOL5 2 A A R 24 4 7 31) Ay L 780 1) XU
A FORGE R (B 1), 21K 16 570 bp, 341
WY A (27.2%). G (17.18%). C (30.24%) I
T (25.38%); G+C W& iE R 47.42%, IR T A+T &
it (52.58%), WA 65 LR AR BE I 4 B oA
AT i A P o 2o M 3 [ 4 1 9 28 7 B S 4R %8
GenBank (accession no. MZ398237), 2 #li5 5 K
ZRAE I LRIR DNA S5 —FE, 337 3L,
A 2 35 D] (8] 47 A AS [) R B A i (] P ol EE B 4
(#2). Wl BMEARFMMSER (CO T~1T
ATP6, ATPS. ND1~6, NDAL Fl Cyth), 22 4

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

rRNA) Fl 1 AHEGmAS 4 il X (D-loop).

2.2 EEMEBLKE rRNA 5 (RNA EE %
FHIE

AT L5 2T AR JE R 4060 5 2 1 rRNA, 3
T HEE b, 12S rRNA {7 T tRNA™ Hl tRNAY
ZIE, 951 PRI ; 16S rRNA i T tRNAY
FIHRNA™ ZJa], i1 1698 MLk, H 12S rRNA
[t 16S rRNA SEHIMEST

O RS ORI IR L N 41 34 22 4> (RNA, JF
HIHKE 67~76 bp, K M 1 (RNA™, IR (1
9 tRNA", BKFEEN 1561 bp (% 2). Hi KA 2
A~ t(RNAS FI tRNA™, tRNAS () iz 351 743 51
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FEAMILER  CDS
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bt
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trnL2-tta
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nad5 \-' £\ nads

s 14 kb Akb " trnl-atc
“ trnQ-caa —:“ “— trnM-atg
- 12 kb trnA-gca,_ J
% trnN-aac_\ ./

trnL1-cta " 1 trnC-tgc o/ .

mS1-age — tmtae T nad2

tmH-cac 4 trnS2-tca §
elare * ™ trnW-tga
nad4 =~ -

nadal / /’
trnR-cga V4 e
nad3
trnG-gga

./"

cox3 ' l /‘\

\ trnD-gac
cox2 &

atp6 atp8 trnK-aaa
1 EHS SR AR EAREE
Fig.1 Mitochondrial genome mapping of P. dentex

TGA Fl GCT, tRNA™ ¥ )2 %5543 5 TAA F
TAG. Bg T i F L% ) 84 tRNA (tRNA",
tRNA*, tRNA™", RNA®, tRNA™., tRNAS,
tRNA . (RNA™) 4h, HAR 14N EA T HEE b
It Ah, (RNAM-GCT % [H Bt 2k — & IR W5 0E i
(DHU #£), H: 4% 21 1~ t(RNA 45 & R 1232 8 |
TyC ¥ . K1 3R 1 DHU 3£ () L = 1121 —
PR

TE tRNAY, tRNA", tRNA™, tRNA"™,
tRNAM® Fl (RNA™ &L R h 45 A 1 XA C-T %%
e 1 A-C AL X, fE tRNA" tRNAM,
tRNAM | (RNA®®, tRNA™ FI tRNA™ 24 JE R I
BAN C-TH &MY GTHE . W, 7
tRNAY(GCT) RS A 1 X A-A RECXT, 7
tRNA"Y(TAG) Al (RNA™ £ 1 X C-C ANFLXT .
FE (RNA™ Z FE R rp iy T Wi e 2 8019 A-G AL
o EREMFZES, BT CTHE KM
tRNA™ ) A-C RECXF . 7 TPC 25 I, [FIMEAE
TR Z W C-THMME , BRILZ I, (RNAY FI
tRNA 45 1 XF U-U ANFLXT . DHU SFBAETE G-
TR, H tRNAS-(GCT) JEH B4 % FF

https://www.china-fishery.cn

23 ERRwBEER

WAy LBs b R L A L & 13 N E A S
BELA, CO T M NDS5 5 [H (1 5 b 25 05 7 43 391 by
ATC Fll ATA, FCAEE 1157 4 5 5 R 4 25 1 34
H ATG. Cyt b % k%W TF AR T,
ND2. ATPS Fl ND3. ND4 [ 1%/ H“TAG”,
IR 7 FhIE AT LK IR F<TAAY,

BT L5 SRR I R 21 19 B 1 4 0 ik PR v B
ND6 JERH L st sh, HAay 12 MERAgRmMS IR
P+ HEE Lo 3X 13 /N8R I b ik PR L 4 5 75
AR IERR . 178 MRS . 648 MR IMER
FERR AN 1 218 D AR MR Z LR , S % B A Y K
JEN 11449 bp, VK ELZN 881 bp, KA
SRR 69.09%; I H, BEHNAPFAEZAES
B4, Hrh, ATP8 5 ATP6 ¥4 4 7 bp Bl &
B, ATP6 5 CO A 1 bp WILINES, NDAL 5
ND4 & | 7bp, ND55 ND6 f5 4 bp S,

X BAEARMBER P, BT NDIL,
ND2 Fll NDAL A, HoAih 10 2% 8 (1 4 15 55 7 Y
A+T FEYET 50% (5 3), H 13 MRS
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R2 EHEMBENEERBERRES

Tab. 2 Characteristics of the mitochondrial genome of P. dentex

HE AR AL B K /bp Sl [ B4 5 /bp IR T AL E T
gene name beginning and end length strand intergenic space initiation codon termination codon
tRNA™-GAA 1~68 68 H — — —
12S rRNA 69~1 019 951 H 0 — —
tRNAY-UAC 1020~1 091 72 H 0 — —
16S rRNA 1113~2 810 1698 H 21 — —
tRNA""-UAA 2811~2 884 74 H 0 — —
ND1 2 885~3 859 975 H 0 ATG TAA
tRNA"-GAU 3859~3 934 76 H -1 — —
tRNA"-UUG 3934~4 004 71 L -1 — —
tRNAY-CAU 4004~4 072 69 H -1 — —
ND2 4073~5119 1047 H 0 ATG TAG
tRNA™-UCA 5118~5188 71 H -2 — —
tRNAY-UGC 5190~5 258 69 L 1 — —
tRNA*-GUU 5260~5 332 73 L 1 — —
tRNA®*-GCA 5369~5 435 67 L 36 — —
tRNA™-GUA 5436~5 505 70 L 0 — —
co 1 5513~7 057 1545 H 7 ATC TAA
tRNA*-UGA 7 058~7 128 71 L 0 — —
tRNA™-GUC 7132~7202 71 H 3 — —
coll 7210~7 914 705 H 7 ATG TAA
tRNA-UUU 7901~7 975 75 H —-14 — —
ATPS 7977~8 141 165 H 1 ATG TAG
ATP6 8 135~8 818 684 H -7 ATG TAA
colll 8 818~9 603 786 H -1 ATG TAA
tRNA"-UCC 9 603~9 672 70 H -1 — —
ND3 9673~10 023 351 H 0 ATG TAG
tRNA*-UCG 10 022~10 090 69 H -2 — —
NDAL 10 092~10 388 297 H 1 ATG TAA
ND4 10 382~11 791 1410 H -7 ATG TAG
tRNA"™-GUG 11 763~11 834 72 H -29 — —
tRNA*"-GCU 11835~11902 68 H 0 — —
tRNA""-UAG 11 907~11 979 73 H 4 — —
ND5 11 998~13 818 1821 H 18 ATA TAA
ND6 13 815~14 336 522 L -4 ATG TAA
tRNA®-UUC 14 337~14 405 69 L 0 — —
Cytb 14 410~15 550 1141 H 4 ATG T--
tRNA™-UGU 15 551~15 622 72 H 0 — —
tRNA"™-UGG 15 622~15 692 71 L -1 — —
D-loop 15 693~16 570 878 H 0 — —
W SRR R
Notes: "—" represents none

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries https://www.china-fishery.cn
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Koo R

46 &

R A+T B R 51.55%, Af WLE7E 28 ) g b L
Rt B AT fdrPE . BT oy 0065 2k A

FENH AR A+T &N 52.58%, Al HEM HAR
A X IR H B EA AT Wi,

®3 ATHBERRDEFBEER

Tab.3 Nucleotide composition of protein-coding genes in P. dentex

fi n@fégge T C A G A+T
ND1 975 26.05 34.56 23.08 16.31 49.13
ND2 1047 23.50 36.96 25.50 14.04 49.00
co 1 1545 29.84 26.73 24.79 18.64 54.63
co 11 705 26.52 28.65 28.79 16.03 55.31
ATP8 165 25.45 33.33 26.06 15.15 51.51
ATP6 684 27.78 34.50 22.95 14.77 50.73
coll 786 26.46 31.55 23.54 18.45 50.00
ND3 351 28.21 32.19 24.50 15.10 52.71
NDAL 297 25.25 36.03 21.21 17.51 46.46
ND4 1410 26.03 33.26 25.11 15.60 51.14
ND5 1821 26.63 32.62 26.47 14.28 53.1

ND6 522 35.25 17.24 14.75 32.76 50.00
Cytb 1141 27.70 32.87 23.05 16.39 50.75

2.4 JE4mBL X BOLE A HHIE

Ak g bt [X. 32 A0 45 F 4% A A 46 1Y) AF G i 4%
il X (D-loop) A4 & Ml LH X (Op). Op —1
£ F tRNA™M Fl tRNA®" 2 [6] 1) £ 36 bp ) DNA
F Bt D-loop &2—A~K/NZ 878 bp 1 B, Hoow
B E BN (T=28.85%, C=23.49%, A=32.84%,
G=14.82%), Z X3 A+T H 61.69%, 23 5
A+T Rl

BRaRERNEEREBERGELE

W5 0L 05 LR AR TR 4 4 e 51 5 H A 18
Fho3JE 13 AN & 1 iRk S LR AR S R 4 o 1
RGEREW, HAMEMIH, LRiIR 16S rRNA T
SR T AT Rk &,
DA 30E— A5 RS iy 0L 065 I 5 Bl 40 26 1) R S8 404k
FREL I 5t

SRR 4 427 51 5 168 rRNA 4 3 1 it
fER a3 —30, Wom izttt 2 R IHI AL,
SRR RH IR . mInts)E . s E . A B)E .
MisE . WsE . MEBE. HEmE. 28,
W58 | 1565 8 S5 B 65 R 0 28 A 32 R 53
X, ARG aRs g . 0 RN A0 R 5
—HEA A 32, B LS 5 A 5 A AR ]
JB—Ar3, RGRFRRT, SHEN—ZMT
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2.5

0 R B T 65 A L SR DB (P 2, T 3).
3 Wi

Bl DNA I 742 AR 19 H 7 B AE P15 B
TR K R, SR A R A AR SR A LA
O TR RO . MRS . B A
St KRG AU SR, AR
B, fa2REOR AR SE A — MR 15~20 kb, £ AL
FEG ARGE, HEPR% . i, AN
YR SRR I R 4 25 AR K, 380 v A7 e R Ik
T 5 DL R0 i 4 AR B U AR AT 5
E T HCH LS AR IRFE N 28], He kK
16 570 bp, GC &%) 47.42%, S EAY AT
DRI S S (J G) 4. Hob G ik & 7
1A 17.18%, 5 HAbRE B 0 2 AN e 25 8(S. lalandi)
(17.84%) . = ffi # (Megalobrama terminalis)
(16.17%)"" | 75t (Oryzias latipes) (17.60%)!"" 2 71
RARAR T G REMIE; CMESEN
30.24%, A B RN 27.2%, T3 S S
25.38%, HRZEUE MY AL UM R 7
BUNT LS LR AR IE I A rp 13 /N8R 1 G A 3 IR o
T ND6 A, HAYIFE HEEE, 5 HAb MK,
HEHEATHEHZNES X, SR EREARMGE
K b 44 8 & X (ATP8~ATP6. ATP6~CO 1I .

R E K224 F 7/ sponsored by China Society of Fisheries
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g2 A mate KM522838

100

100

WHM-45 A, kleinii KF728081

KHEE M. cordyl KM522836

&z S. leptolepis KM522839

H2  Carmatus AP004444

5%

L B2 C omalabaricus KIJ174514
P, niger KJ192332

5 JEFE U secunda KT819204

NEIRME 2 S, crumenophthalmus KJ148633

EETE  C equula KM201334

o HEATEE P dentex

KGf@t2  D. macrosoma KF841444

Yt T trachurus AB108498

Y45 E. bipinnulata KT824759

—1

/WNHE2 S nigrofasciata KT591876
FEAREE S, dumerili AB517558
KM S. rivoliana KP347126

T8 S quinqueradiata AB517556
PEE KT S. lalandi MH211123

100 [ HAREMF S, lalandi AB517557

ET A EREE S FIIMEN NI RE AR

Fig.2 Molecular phylogenetic tree constructed by NJ method of mitochondrial genome

M. cordyl KM522836

StE S, leptolepis KM522839

N2 A. kleinii KF728081

S C. armatus AP004444
Ly A2 C.omalabaricus KJ174514

niger KJ192332

JRAR MDA 62

S. crumenophthalmus KJ148633
C. equula KM201334

K&F#@fZ  D. macrosoma KF841444

T. trachurus AB108498

E. bipinnulata KT824759

/WHE2 S nigrofasciata KT591876
ARG S, dumerili AB517558
KAEWE S rivoliana KP347126
—— T S, quinqueradiata AB517556

Fl A8 46405 S. lalandi AB517557
100t HETELE S, lalandi MH211123

100
88
100
0.020
& 2
57_| KH&
100
39 —99|— TEEEE2 A mate KM522838
99
100 TEEFE U secunda KT819204
e
39 o FTHlEE P dentex
e I
97 e
2 i
100 o
e I B
100
100!

—

0.010 0

B3 ET 16S rRNA ERMEE NI RGHLH
Fig. 3 Neighbor-joining phylogenetic tree based on 16S rRNA gene

NDA4L~ND4 F11 ND5~ND6), tRNA Z [i] A tRNA"™-
tRNA" | tRNA"tRNAM* fil tRNA™-tRNA™ 3 4~
HEX, UNEARGILHNS RNA Z [HFTE 6
A~ & [X . NDIRNA"™, ND2-tRNA™, CO II-
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Complete mitochondrial genome sequence of Pseudocaranx dentex and
phylogenetic analysis of Carangidae

WANG Kaijie ', JIANG Yan', XU Yongjiang ", LIU Xuezhou', CUI Aijun’,
WANG Bin', XUE Zhiyong®, MAO Chengquan *

(1. Joint Laboratory for Deep Blue Fishery Engineering of Pilot National Laboratory for Marine Science and Technology,
Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China;
2. National Engineering Research Center For Marine Aquaculture, Zhejiang Ocean University, Zhoushan 316022, China;
3. Haiyang Yellow Sea Fishery Company, Yantai 265122, China)

Abstract: Pseudocaranx dentex belongs to Actinopterygii, Perciformes, Carangidae, Caranginae, Pseudocaranx,
and it is widely distributed in the warm waters of Indo-Pacific and Atlantic Ocean. It is mainly distributed in the
South China Sea and East China Sea. The research on the breeding of P. dentex in China is still in the initial stage,
and there are few reports about the genetic background of this species. As a species with high nutritional and eco-
nomic values, it was studied from the perspective of molecular biology. The complete mitochondrial genome of P.
dentex was obtained by second-generation sequencing and analyzed through the related software. The results
showed that the mitochondrial genome was a typical circular DNA structure, with the total length of the sequence
16 570 bp, and the base composition was A (27.2%), G (17.18%), C (30.24%) and T (25.38%). It contained 13
protein-coding genes, 22 tRNA genes and 2 rRNA genes. Except for ND6, tRNA", tRNA*, tRNA™", tRNA,
tRNA™, tRNA", tRNA, tRNA™, all the other genes were encoded on the H-strand. Except for ATC and ATA,
the starting codon of CO 1 and ND5 were ATG; the A + T contents of mitochondrial genome and protein encod-
ing genes were 52.58% and 51.55% respectively, and the noncoding control region (D-loop) is rich in 61.69%,
which had an obvious A+T bias. Among the 22 tRNA genes, except for tRNA™-GCT, the other 21 tRNA genes
contained typical secondary structure of clover. The phylogenetic tree was constructed with the complete sequence
of mitochondrial genome of 18 species belonging to 13 genera of Carangidae fishes. Each species has an independ-
ent branch, and P. dentex and Carangoides equula belong to the same branch in the evolutionary tree, which indic-
ated that these two species are closely related to each other. Our findings could help to explore the genetic relation-
ship between P. dentex and other Carangidae fish, and provide a basis for germplasm identification, phylogenetic
evolution analysis, genetic diversity evaluation and utilization of P. dentex.
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