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1.1 KM

AT ST T FH TR 2R 9 o R i P XCHE A B
] 2R g 1A ) PRI 3 AN R, IS UL i S L B
TEREHARAE, FHTA. By C, HFEIAFEASL.
RAEM A REEWS (8] 73 B N BEARA (19, 122°32E
29°55'N. 20154F10H). #/4AB (34, 123°30'E
26°75'N. 201644 H). BAAC (19, 124°24'E
27°26'N. 20164F4 )& TEAKIRIKFE (—70°C) R 17
%, BACREEE DL 1 (2405 R NWGS84) .
1.2 SEWHE

HEHDNARIEZEL K TIANamp Marine
Animals DNA Kit i 751 G437 1 7 3 BT fa L R
YH IS DNA, 8 12 0.8% T3 I B o e FhL vk A il G 5
£, 3 FNanodrop 2000JIDNA [ Jii & 5K %, B T
20 CIRAF

hifkco 1 EEY EBRMFE  MGenBank
TR A kiR Co T FERE 751N, 12 FIOligo7#k
"% o 1 B HPCRY BB Y): CO T -F: 5'-
CGTGGCAATTACCCGTTGATTCTTCT-3'#
CO 1 -R: 5-GACTGCACTAAGACAAAGGCTGG
TT-3'(_FAE TA ), B RFEFE F BOR/N411500 bp.
PCRY$14& £ 425 uL, 75 2xTag MasterMix (4
£8)12.5 uL, #HDNA 100 ng, 10 umol/L ] 5|4/
%1 uL, ddH,0%h £ %25 pL. PCR M1 A:
94°C FilAZ 14 5min; 94 °C A4 1min. 50°CiE k90s.

72°C 3EAH45s, FL35AMEIF; 55 J572°C ZEAH 10min.
PCRIZ W 1.2 %35 JE 18 4 e Pk A ) 365 4 2% 5 11
KNG, EE EREARZE A E AR A =) 34T 24 AR
) T

LR RIAR16S rRNA 7 EZ 418 XN inai ]
)5 51" 416S-F:5'-GCCTGTTTATCAAAAAC
AT-3'#116S-R:5'-CCGGTCTGAACTCAGATCA
CGT-3'( LilgE T &), B B K/N1600 bp.
PCR BLEAARIY25 uL, & A BRDNA 100 ng,
0.5 uL_ . FUHF5I4(10 pmol/L), #J5 #h 78 £ B 1
KE25 pL, K MNFEF N 94°C FiAR P 2min, 4R J5 it
IT3SMNMER, G EHEI4°C 455, 50°C 1min,
72°C 1min, fE& G — MEM G ARG AET72 C 4T i
10min. PCRZW)EE 1 %35 A A it e B vk il J& &=
Fe_ AT AW A F AT IE 1R
13 #HIEAE

JflContigExpress Project' % il & 45 S 47 $f
B2, 9K 5 1 F BioEdit" "% BT 455 51347 S S A\ T
%A . FFDnaSP 5084k v 55 B 1 1 B £
(H). BHRZEAMEHS). FHRTRZSME
(K). ZHERZFERE(r). BES U RE(G)S
I & 2 E(F,,), 47 Tajima P56, FIMEGA
5,082V e 1 B 6 4, 9 F Kimura two-
Parameterfi 8 T 5y £ FEAAR B) )8 4% PR B, 1) FH 48
$27%(Neighbor-Jioning, N /MR 1170 T K &
AL, F K I Bootstrap 10004656 2 G0 7543 S HY
BIEE.
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Fig. 1 Locations of the sampling stations
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2.1 ZRiRCOo I F116S rRNAEE H R FFI4EE
ST

4320 B T B2 BioEdit 3t f N T AR
1E LB IF 5 b AR 8 3 4, I BLAST 0 #r Lt
B A EI1130 bplICO T 2K BEAI554 bpl)
16S rRNAFE K F B . JEIIMEGA 50844151724
WA PR CO T F16S rRNA R FI ) B 5= 2H 1,
CO 1 RHFNFHMIET. C. A. GHA+THIER S
B0 829.0%. 28.9%. 24.4%. 17.7%K153.4%;
16S rRNAZE K FHI B ZET. C. A GFIA+THY
BB IN22. 7% 27.6% 28.0% 21.7%H
50.7%, A+T& m I & T C+G, 74 i f 2L
ADNA CO 1 116S rRNA R Fi B (1) Bl 22 20 1%
FHAIE

16S rRNAZEA - B e Aar ) 21 8 Fh . 4% B (Hap
1—Hap 8), 8N 2 &N, 20 SFHI11.44%, B
FES/N B — AR A SRR 205 BAL (K 1), H
o AL TS, B TN A/GER 3, LT 24147 5
6 NC/TH#e ¥, WAL F169. 170, 232, 256,
326 LA F2 32947 150 1N A/THIIR, A7 32047 5, #545/
HiERAT. BEEA. BHAB. BEARCIHH3ANHL4E
A, AR B RS O A BRI ) A Y LR A
HHT AR N T9% (T2 M) . CO T 2 7 H1I ks
M 43Fp A AR, 200490, 295 B P HIH
4.34%, FLFE20 B — A8 S o7 i A 2945 BT AT
204N 2). iR, BRIRAL ST 420, BRIRAL ST, T

22 BEEREZHEMST

ALK 16S IRNAFER B AICO T FE R A Bt
B IS K E 91684 bp (AL HEE AN /R 2
Fr B, LR BRI AL Z FE 0 . 18 1d DnaSP

5.0 GE it B EEA16S IRNA. CO 1 FIEE & 3
A7 4138t A% 2 A 250 (R 3).

BETCO T HERF B, FERASRAE R Z R (HY)
5 1(0.9983), BEAABS BEAARC Y 545 8 2 FE M A
. FERARE R 2 T A M H R 2
PR (PHIEI N B AR &, 87111/
0.0063, H X NEAC (5.766/10.0051). EE{AB
(5.111/10.0045). T 16S rRNAZEH F B, Bk
AP EAE R 2R (H ) B 51 N0.4678, BEAAB . BER
CHHIE . BHAAPIIRL IR Z A (K FIAL R 2 1
PEFEEL(P) 2> 1 280.632F10.001 1, 7634 1) 4k
F il BERC(0.596410.0011) #EAAB(0.51241
0.0009)7k 2 . H#E16S IRNAFICO | Be& A Fr
B, BEUR A PSR 2 FEVE (H ) 5 76(0.9992), #EAAB 5
FEARCH FLAS Y Z R 3T . BEIR AR TR H IR
ZE SR KO FRZ T IR 2 R 4R Bu(Py) TE3 N HE R 1 )
55, 28 HN9.014410.0076, VR ONEERC (7.02140
0.0066). FEAB (6.732410.0058). HIHE &4 L £
PESE LB AN HEIR, 2R B R IR RN B & BE R
B3RS R —5.
23 BESUESTR

BAARIEES M HETAH/CO 1 F116S rRNA
B 75, FIMEGA 5.0 NI RS (& 2. K 3),
AN E R IR, Rl — B N G AR e R AE i,
EEAR R )y AR S, IR 5
A P IR A 18] (1388 4% B 28 22 S /0 DL S B4R 1) 1)
A% 73k R B AR — B

BRENRE S T Col REFHAE,
3ANFEARIA], BEARA S B C ISt A% PE 25 52 K(0.0061),
TR B B AR R AT EAL I 5 450705 (0.0048), 1X 5 7
PR A B IR A AT G, BEARABME IR B 5K, FLiX
HNFEARB. FEAAC, 4351°50.0063+ 0.0051F10.0046
(£ 4). FT16S rRNAFIEEA16S rRNAFICO T 3

R1 HEBRFERIS (RNAREFIRBERER LD
Tab. 1 Variable sites of 16S rRNA gene sequence from different haplotypes of T lepturus

1 1 2 2 2 3 3 3 32 700 3 4

7t MS% AhL 6 7 3 4 5 2 2 2 Distriiiﬁ)ﬁ:fﬁz Iiajjlﬁotypes
e 9 0 2 1 6 0 6 9 A B C
Hapl T C T G C T C T 14 27 15
Hap2 C 1 0 0
Hap3 . . . A 1 0 0
Hap4 C . . 1 3 2
Hap5 T A . 1 2 2
Hap6 T . 1 0 0
Hap7 . T . 0 1 0
Hap8 . . C 0 1 0
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AT Fy 38 4 R 55 LU UM 0L 5 KA DNA CO T 1A
—.

MR 3N BEAR )AL B B, LLr i 1 g b
BE, M BHAT UPGMA R Gk, R 4. B 55
N, BT CO TR FH, #AB S HACE LRl —
X, HE SHRARSS, il A — 3.
FET16S rRNAK K FHI R KN ECO T B 2%
1B, (BB AR A S BEARBRIBEARC IO 4L FE AR, 34N
LT TRAE— e, Ry AR ST — 3

JHIEDNAsp 5.0 gt 45 R W oR, CO T 2K
A BERI16S rRNAZE R B (1) s B s AL 04k R 5L
(Gy) N—0.00183F1-0.01899, B4 i [F & REU(F )N
0.04014F1-0.02676, J F it (N,,,) H5.98F1-9.59. 1
R SHIR, BT CO T HF B, 3R IE] 184% 4>
1 Z (G ) TE—0.00787—0.00471, “F-14 5-0.00043;
i 7€ RE(F)WEE-0.00750—0.06544, ¥J1H N
0.03718; FBHA I Tajima’s DRI N FUE, A 835
(P>0.10); 3£ T 16S rRNAFE K /i B, #4701k R 3L

*2 waRENCOl ZEEFIARBERERNSSH
Tab.2 Variable sites of CO I gene sequence from different haplotypes of T. lepturus

s 111 RERSA
BHR L 111222222 2333444445 5555556667 7778888889 999900000 Distribution of
AL
Site 7016033445 8455023891 2457897894 5690223590 2345356638 haplotypes
2812414696 2847238989 5389518167 0221587840 492483280 A B C
Hap 1 CCGAGTTTGG ACACCTTTTA AACCTTGAAC ACCCCTTACG CCTCCCTCA 0 4 2
Hap 2 T......... ...... c.c. ....... C..... CGG. T 1 0 0
Hap 3 T..... C. G..... C.C. ... GG. ....T 1 0 0
Hap 4 T......... ...... C.C. ... G LT 2 0 0
Hap 5 . . . . ... .. LGl 1 0 0
Hap 6 . T........ . ......... G. C..... ..., G T .. 1 1 1
Hap 7 . . . . e e G C..G.G 1 0 1
Hap 8 ... .. C o e s e 1 3 1
Hap 9 T......... ...... C.C. ... GG. T 1 0 0
Hap 10 . . . . . .. ... .. T ..., C... .. ..., 1 0 0
Hap1l . T....C... .T........ .. .. ..... ST 1 0 0
Hap 12 . .. .. C.CA. . ......... LG 1 0 0
Hap 13 . . . .o e G.A .C..G.G 2 0 0
Hap 14 . . . . . . LT 1 2 2
Hap15 T......... ...... c.C. C..... ... G .T..T 1 0 0
Hapl6 T......... ..... CC.C. .. ... . Lo G .T..T 1 0 0
Hap 17 . T . .. ... . T G.A .C..G.G 1 0 0
Hap 18 . T . . . . o e 1 1 0
Hap 19 . . . . . . . e T G.A .C..G.G 0 2 2
Hap20 ....AC.... ....... Co. e e C. 0 2 2
Hap2l .. ... .. G.. ... G. C..... ..., G .T. 0 1 0
Hap 22 . . . G. . . o e e 0 2 1
Hap23 . T . ... . . e e G.A .C..G.G 0 1 0
Hap24 . ... ... ... ... ... . G. C..... ... . G .T. 0 1 0
Hap 25 . . . . . .. . LT 0 1 0
Hap26 ... .. C..A. ... C.oo e 0 1 0
Hap27 TT........ P G...C..... ....... G .T. 0 1 0
Hap 28 T . . . . . e e 0 1 0
Hap29 ... .. CLo AL e e 0 1 0
Hap30 T. .. .C. . A. . . e e e 0 1 0
Hap3l . T........ . ......... G...C..... ..., .T. 0 1 0
Hap32 . ... ... ... ... TT. .. . e e 0 1 0
Hap33 . . . . . .. .. T 0 1 0
Hap34 TT........ Lo T G...C..... ....... G .T. 0 1 0
Hap35 . T........ . ......... G...C..... ....... G .T. G 0 1 0
Hap36 .. ... C.. .. O 0 1 0
Hap37 . ... ..... A oo Lo TCL o G.A .C..G.G 0 1 1
Hap38 TT........ ... ....... G. C..... .T.C.G. T 0 1 1
Hap39 . ... ... ... LT LT 0 0 1
Hap 40 . . . . . . e e ... T. 0 0 1
Hap4l . ... ... ... ... ... LG G.AT.C..G.G 0 0 1
Hap42 . .C. ... ... ... ...... G .. LT 0 0 1
Hap43 . T. .. .. .. . G. . 0 0 1
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*3 HETERENLAADNARERZHE
Tab. 3 Haplotype diversity () of mtDNA in three populations of 7. lepturus

Bk RIS

Diversity parameter

B C

BT
Number of haplotypes (H)
LiRIHE 2E3ks

Haplotype diversity (Hy)

TR R
Average number of nucleotide differences (K)

IR % B 4L

Nucleotide diversity (P;)

0.9983/0.4678/0.9992

7.111/0.632/9.014

0.0063/0.0011/0.0076

17/6/18 25/5/28 15/3/17

0.9768/0.3672/0.9814 0.9766/0.3743/0.9809

5.111/0.512/6.732 5.766/0.596/7.021

0.0045/0.0009/0.0058 0.0051/0.0011/0.0066

RS HRNCO 1 B3, 16SSHF116S+CO 1 5, FIF

Note: The numbers are CO | parameter, 16S parameter and combined 16S and CO | parameter in the table; the same applies below

Hap 25 (1B)
5——Hap 24 (1B)
Hap 13 (2A)
Hap 21 (1B)
,—Hap 9 (1A)
61'Hap 33 (1B)

Hap 39 (1C)
10 Hap 32 (1B)

S —h Rk
H
211729 ap 43 (10) Hap 10 (1A)
491Hap 17 (1A)
1B)

Hap 28 (

Hap 36 (1B)

2 39|Hap 7 (1A, 1C)

14 41 Hap 19 (2B, 2C)

27 Hap 30 (1B)
b 500112P 29 (1B) 100 11 (1A)
47 Hap 26 (1B)

Hap 40 (1C)

Hap 42 (1C)

AN

—Hap 6 (1A, 1B, 1C)
73 Hap 37 (1B, 1C)
87 Hap 41 (1C)
| =5| —Hap 12 (1A)
Hap 22 (2B, 1C)
36 Hap 16 (1A)
Hap 31 (1B) 551 Hap 18 (1A, 1B)
59 Hap 20 (2B, 2C)
Hap 23 (1B)
4(0Hap 5 (1A)
Hap 35 (1B)
T 27Ha; 38 (1B, 1C)
ap
04 Hap 34 2133
Hap 1 (4B, 2C)

41
81f{Hap 8 (3B, 1C
P8 ( I}lap2(1A)
78 Hap 3 (1A)
0.001 §E|__Hapl4(lA’ 2B, 2C)
: 46 Hap 15 (1A)

K2 BETCOoT EE 7 BIINI RS
Fig. 2 The construction of phylogenetic trees based on Neigh-

w o

37

bour-Joining (NJ) method for T lepturus

(G~ [ 58 RE(F )78 FE 43 531-0.01672—(-0.1032)
~0.03144—(-0.02283), ¥J{& 5 5 -0.01399,
—0.02683; MBEIA ) Tajima’s DRI N FUE, A%
(0.10>P>0.05).

3 Tig
3.1 ZRIACO I #116S rRNAEFE K ERFFIEL 3%
S

Bl 2H S AT R W, i CO T F116S rRNAJE
KA B AT & B0 T G+Co &, & il fa

Hap 2 (1A)
Hap 3 (1A)
14 Hap 4 (1A, 3B, 2C)
Hap 6 (1A)
Hap 7 (1B)
Hap 8 (1B)

Hap 1 (14A, 27B, 15C)

Hap 5 (1A, 2B, 2C)
0.0005

K3 3T 16S rRNAFE K F BUHNT R Ge it (et

Fig. 3 NIJ phylogenetic tree based on 16S rRNA gene sequences
of T. lepturus

FIRE R FUREE, 552775 25 &™), i aou™
WF TR 8 RIEAR —F. AW ARERCO T 3
J7 30 JEAG I H 4948 S 67 5, o XA A 14.34%,
A AT 1 T 16S rRNAJE PR 5106 0 21 1 84N 25 57
£7 5i.(1.44%), 1X 2 & 1 T ESI S RLAADNAA
I DX 3550 7 TR 117) 5 A S 2R Bl AN [ 35 TR 1 B ) e 5%
JE SIS, A1 2R R AN A B % R 1 9 A7 A
75 7,
32 EEZHMSHN

3N BRI CO 1 F116S rRNARE R Fr B i)
BRI Z R (Hy) . TR IR Z S E(K) . #Z1F
P2 22 RETEFRHU(P,) 70 71 90.97692F10.38772 5.96088
F10.55595. 0.00528F10.00101. 32773 F Lk
ADNA 16S rRNAFRIE(500 bp) X} 3 g7 f(n=12)
ZREMEARG I T, 45 R R, RAG I 3AN B fE
WAL BE B (D) N0.001, FLAF A 2 R VEFR B (H )N
0.25, %111 2 FEVEFR H()£0.00068; 2= i & 2
o VT 7K S R (n=15) Rk Cco 1 £
JF51(609 bp)2Z 5B, KILISAFFIH A 105
A B R NS5, TR Z AR B () N
0.00513. ASBaxttt T35 77, 2«
3 I A% 5 25 DA S R 2 A FR U 2 2L, °F
VIR IR 2 AR 22 S5 i vy, RN T 68 ] T P BIF 919
RIGRERBEARL . A0 £ 34N FLRE A%
(R (n=20) I (1n=20). L (n=14)]FID-loop[X
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F¥31(556 bp)ill 5 HT, 75 544~ s i 211404~
FREAY B ZRE MR BU(H ) MIZ T IR 2 FE 4R
H(P,)5 3 740.98+0.017H10.008+0.005; 153t 25"
W72 F L3 1. (n=54) & R DNA D-loop[X /7
H11(527 bp), FLAGI F|444 FLAE R, FRLAE T 2 FE 4R
(HY)FE0.991, AR 2 FEVETE H(P) 790.012. 14
AU S AR R TR A A B (H ) AT
AR 2 VRSP Y B T AR S, 3808
T 2R A D-loop X #1032 & T 8 ki ADN A
CO 1 X741 H116S rRNAKE R 41

Wk 6K, 5 BT g HAh Wt S A b, JE
FCO T B H ARy 0 3 R B35 20 22 P DA SR Y
B Z R AP R . BT — o i f 2R g ki A

F 4 HEBEAEMBENTIREES

Tab.4 Genetic distances among and within populations of 7. lepturus

HER RN
Populations A B Intraspecific

A 0.0063/0.0011/
0.0079

B 0.0058/0.0010/ 0.0046/0.0009/
0.0072 0.0060

C 0.0061/0.0011/  0.0048/0.0010/  0.0051/0.0011/
0.0084 0.0057 0.7012

AR B R Z R (H) . TR Z FEEfeE
(P HIAbT0.11—1.00. 0.0008—0.0320"%, J:T-
16S rRNAZE K 43 #7, 7R gyt B4R TR B A 2
RAZ IR 2 BE M (H<0.5, P<0.005), % T-CO 1 3£
Tyt BRI 2 RE A BUR, 256
BAE Y ZRENE(Hy) FIBEIEE(D) BEfAEE
ZHMRE(PH)ESH, E T LR AkCO T A16S

B
[
Y

Trichiurus\nanhaiensis

—_

0.01

K4 ETCOo T P FHiRER RIUPMGA R G H
Fig. 4 Construction of a distance tree with the Unweighted Pair
Group Method with Arithmatic Mean (UPGMA) among popu-
lations of T. lepturus based on CO 1 gene sequences

B
[c
La

_|

Trichiurus\nanhaiensis
0.005

5 T 16S rRNAZE 751 # AR [AIUPMGA £ Gi i
Fig. 5 UPMGA phylogenetic tree among populations of 7.
lepturus based on 16S rRNA sequences

%5 HEREFEEIURRG(L=ASEERBFE(T=MA)

Tab.5 G values (above the diagonal) and F; values (below the diagonal) among populations of 7. lepturus

Pofjl?:ion A B C
A 0.00471/-0.01032 0.00188/~0.01672
B 0.06544/-0.02283 —0.00787/-0.01494
C 0.05361/-0.02623 —0.00750/-0.03144

VE: BRI CO T 28, A1~ 16S IRNAZHL

Note: left slash for CO [ parameter, right slash for 16S rRNA parameter

Fo6 HFEECOl EEBEESHMN
Tab. 6 The genetic diversity of marine fish in CO [ gene

ks FE A X 42k HLRER 2 PR HHRRZ P Z Wk
Species Gene region Haplotype diversity Necleotide diversity Reference
Kk fa s s 1261
Larimichthys crocea col 0.915 0.00412 PR
/NBE L e 7 [27)
L. polyactis col 0.912+0.020 0.00430+0.00032 TEERR
ARl col 0.642 0.003 Chai %™
Nibea japonica
R A - pe28]
N. miichthioides col 0.584 0.002 Chai%%
fig 4 9
p —— col 0.571 0.004 &t
ampus argenteus
A
V357 25 5 o1 0.6486+0.1023 0.000407£0.001673 RiE S
Eleutheronoma
W i 1 B k
AL co1 0.792+0.089 0.0027£0.0027 ERiE
Scomberomorus niphonius
R HPE N
e col 0.97692 0.00528 AT

Trichiurus lepturus
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A COMPARATIVE ANALYSIS ON THE GENETIC DIVERSITY OF
TRICHIURUS LEPTURUS

BIAN Guang-Ming"’, WANG Na-Ling', HU Ze-Hui', WANG Yue-Bin', HU Cheng-Shuo' and CHAI Xue-Jun'

(1. Zhejiang Marine Fisheries Research Institute, Marine and Fisheries Institute of Zhejiang Ocean University, Key Laboratory of
Mariculture & Enhancement of Zhejiang Province, Zhoushan 316021; 2. Changdang Township Agricultural Technology Extension
and Service Center of Sheyang Country, Yancheng 224322, China)

Abstract: Asingle gene fragment and combined nucleotide sequences for two gene fragments of mitochondrial DNA
(mtDNA), which were 16S ribosomal RNA (16S rRNA) and cytochrome oxidase ¢ subunit 1 (CO ), were analyzed
for three populations of Trichiurus lepturus (T. lepturus, designated by A, B, and C). The length of 16S rRNA gene of
mtDNA and CO I was 1130 and 554 bp, respectively. These two gene fragments were combined together to form a
gene fragment with the length of 1684 bp for the purpose of subsequent genetic diversity analysis. The average con-
tents of nucleotides T, C, A, and G were 29.0%, 28.9%, 24.4% and 17.7%, respectively in the mtDNA CO I gene,
while those mean contents were 22.7%, 27.6%, 28.0% and 21.7% respectively in 16S rRNA gene. In this study, 43, 8,
and 49 haplotypes were defined in 72 individuals by using single and combined gene fragments, in which haplotypes
were shared among the mentioned populations. The diversities of haplotypes varied between 0.9766 and 0.9992, indi-
cating that the abundance of haplotypes was within different populations. The nucleotide differences and the nucleotide
diversity in each population were in the ranges of 5.111—9.024 and 0.0045—0.0076, respectively. Genetic distances
among the populations varied from 0.0048 to 0.00084. These results indicated that genetic diversity in three popula-
tions of 7. lepturus was considerable. The construction of phylogenetic trees based on Neighbour-Joining (NJ) method
showed that several individuals in the same population were aggregated. The achieved findings also indicated that high
frequency of gene transfer among different populations resulted in low genetic differentiation. Population A contained
richer genetic background than that of populations B and C. The difference within different populations was higher
compared to among various populations. It could be concluded that the three mentioned populations of 7. lepturus had
low genetic diversity based on single and combined mtDNA genes.
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