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Fig. 1 Sample sites of T fasciatus
B R Egi 18 MR HEGenBank 1 LR 1)

FAVLAy e R A4 7 51 (7 415 NC018770), it 1
PIXS 5k 1.

PCRZ N A FRESO pLAA &R . PCRJR N i
I HEBRDNAYG G 52 4 B B P I 8 1
YR IR BE A 1.5 % B BRbi e e 1A T FRL kAL I

i [5] Y& Rl e o3& I PCR W)
AxyPrep DNA HEREFSCR LRI, S5 7K Rl
P A AL SR L AR MR AT R A F S, A
LRAUE e 1R Aff SR FE O 1 i 3

RS K FH Dnastar & 24E4 56 e 51 34T
FEAERIF T3 . 78 Arlequin3. 1™ 5 rh 1545
SR BRI PRI AT IR 25 AL A
L R FEERURAE T 2R . X HGenBank

tRNAPe

®1 S¥RREFS

Tab. 1 The name and sequence of primers

5#14 %% Name 5% Sequence (5'-3")

DL-S CCCACCACTAACTCCCAAAGC

DL-R CTGGAAAGAACGCCCGGCATG

CR-F GATTGATGTTACTCCTCGC
12S8-CR GTGCGGATACTTGCATGTGT

S5 I NCO 18770 (AR VT A 2 b AR KL DA 240 42
1), B P X PR AR ORI . AR R ) a2
SRR E X S5 eSO T L A T AT By
LR A4 T X 5 R AREAE

FiMega4 1" A 2 T Kimura XU 2 5 (K2P) K
R TH 552 BE AR 9 R B AR [R) P 280 AL BE B o Arle-
quin3. VA3 T 184 70 AT B (F o) R 0 BT AN [ b
B AR 8] (R 35 AL oAk Al 23 A8 S O 22 00 M
(AMOV A)K VAl A [) ST 20 3 ) R st % 22 e, SR
FH T R 5 VR SR A S0 AN [ 7K East A 25 R P s
ZEM T . A T R IR A VL o [ R R H A
TR IBAL 2 5%, £ AMOV A S HT K FA VL 1 8 A
PRI 3 2 AN ARE, T I 7 AN BRI 43 D b [ 4
B, FUACH WA 2 AR, 18 H Megad.1"”
BAERE T Kimura XUSH(K2P) R L) gt 2% 70 4 42
KZME, T 1000 HF AT DAL 2R ZEp 1) n] ¢
P AR, P 7 A 0 o ) X % v 2 e 25
HRHRE 2.

2 4R

2.1 ITHIXEEAEFE S

L LU DR fa 28R AR X o)
X RA VT 2R A3 o1 DX R 25 A EAT 20 A, 1R T 42
VA DX PR 3AN X3 e — LB AiE 7 1 (] 2).

2 IFHE X FFI(ETAS) 1% DX I AN Lk
AT DRI A AR S R o v R B TR B, O PR
AR . LA X B — AN SR AADNA K
LA P A o 2007 51 DX AEAS [A] R ) Fof e 1)

tRNAMe

ETAS CSB-F CSB-E CSB-D

_I

CSB-1 CSB-2 CSB-3

B2 RAVEES P X S5 7R s

Fig. 2 The structure of the control region of 7. fasciatus
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TEAEE BRI 5, HP A F AR A% 038 2 A2
TACAT J S ) HAMNFHIATGTA, %750l LLE
SR I AR o AR ST AR T RA YT A ) 26k
FHIIX, 42 K281 bp (nt: 1—281), ATGTACTAGT-
TAAGTACAT.

R FX(CD) I3 A R A2 X
oh R A DR 51 R X3, ASHIF ST AT H g sy X e g
T HI3ANERAE B, BICSB-D. CSB-E. CSB-F, 4
£:409 bp(nt: 282—690). 1, CSB-F& X 7 # 1k
J7 A DX R e s X bR s, P SINATGTT
CACACCACAGAACC., B#:H 51 & CSB-EFI
CSB-D, 414> N AGGGACAAGTATTCGT
GGGGGTHITATTCTTAAAG.

RTFFFIX(CSB) %X S AR
SR A, BEEMEREN S 81, WA A
{57 FESICSB1. CSB2AICSB3. 157 F41IX 4K
174 bp (nt: 691—865), HHCSB1/Z X 43 L/ 7 X i
RS X R, AR R B KA 5 B0, i
P T HF 4 N TTATTACTCGAAAC. CSB2AI
CSB3JF AN AR, 258 5 0, ILe 5143 0k
TAAACCCCCCTACCCCCCTAAAMTGTAAA
CCCCCCGGAAACAG.

22 FHIXRFITERRIEESHMY

FAVI A e RLARDN AT il X 7 41 2 854 bp,
FESANBEAR, 69N MA. ZBMEGARK 115515 5 %
HIFAL Ty GHRICH- 3458 7 & 73 i 430.0%
30.3%- 17.9%F121.8%, C+THIE S 5:(39.7%) B it
KT A+THEIE 5 5:(60.3%), H b GRfiIE & 8 5K,
T B 4 1l DX 4 B AT R B R el . AR
69 M4 Il X 111854 bpf) 4, HAS I 2148 S A7 15
514, 290 BP IR ES5.97%, BB—"A8 547 A

274N, T 25 BT 244 . 69N M TR 3L 1R 5475
f R (A B 915 - KR184678-KR184724), Hrh
HoN L AR A A R AR A

R AT IR 22 FE T BOR A AR, i s 28 22
FRECBEAR B B(R 2). o, SRR A R 2
FEPEFREURAR, 790.556, 48 AP R B S m, 3428
1.00; K& BER 8% 7 1R 2 FFE 4R 20 Mk, A
0.0040, S} AR BEA R &, 40.0106. X T ANMARELT
I3HT, FER RS T 2 R FE 400.978, BRI R £
FEMEFRE0M0.0079
23 AREIHIEBAREE U

MAATT A AN FEAA IR 52 4% BE 25 (3R 3)15 HH, &4
A 2 A Y%A H 5 0h0.0040—0.00145, £ BEAK Y )
WAL IH 25 40.0026—0.0085, JL i H A REAA AR
KRR ) (AL BE 550.0107—0.0145, o [H & BEA4
5] 1 4% BF B9 24 0.0040—0.0104 . 145 B BoR, FATT
fiyi ) ASHE R R e ) 8 AR D) 1) J A% B I KT
H ] A R TE) P ot A% P 2, o 8 AR ) ) s B
I TR N (B R

TH 3T LA o R A 2 TR i AL FR B L (R
3), BJ LA AR i e [5REAA 2 [0] (1) F o AR AL T8
17K 7-(0.2783—0.5867), ELERATME . 28 BRI S0 8
IR (A 22 AN AN, RS BER 2 3Y 2
DL B 2 5, UMY s o [ AR 2 ) AP e
— JE [P Ak FAVT A i AR H A AR 2 (1]
IF 88 R(0.7295—0.8103), HAEGE T4 1 S B0 i
=, U B VL 1R b FEREAACRT H ASHEAR (0] A7 A 2 35
[Past AL 72 ¢ o AN HL LR AMOV A2 BT 1 &5
RER OB RABEN 0T 257 1551.59%, 48N
BRI 1 2 5 1529.01%, BEAN S T2 5,
27.49%. BERIA AL AR W35 (Der = 0.725; P=
0.00), ZLHE P BEAR I 20 1 25 St B3 1) (g =

®2 WIISBEFPEREEREESHESH

Tab.2 The parameters of genetic diversity and the sample information of different populations of 7. fasciatus

PR FEh L BT AT 2 FEE PRI IR 7 AR B RZ R
Population Number of sample Number of haplotype Haplotype diversity =~ Mean pairwise difference  Nucleotide diversity
BUNEHZ 6 5 0.933 +£0.122 5.80+3.23 0.0067 £ 0.0043
EWD 8 6 0.893 +0.111 7.89+4.11 0.0091 + 0.0054
TRIRC 9 3 0.556 = 0.165 422+231 0.0049 + 0.0030
REDY 6 6 1.000 + 0.096 5.87+0.26 0.0068 + 0.0044
ZEEQH 10 7 0.867 £0.107 5.38+2.83 0.0062 + 0.0037
KDL 10 6 0.778 £0.137 3.42+191 0.0040 + 0.0025
F1%4DD 9 9 1.000 + 0.052 9.08 + 4.62 0.0106 + 0.0061
AWHFAS 11 7 0.873 + 0.089 4.54+2.42 0.0053 + 0.0032
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Tab.3 The genetic distances between populations (below the diagonal), pairwise genetic distances within a population (the diagonal), and

the genetic differentiation index (£ between populations (above the diagonal) of 7. fasciatus

T A Wi JHR Ktk R KE SRR L WA
Population AS DD DL QH DY RC WD HZ
HHHFAS 0.0054 0.0135 0.0131 0.0124 0.0114 0.0107  0.0145  0.0114
F1%DD 0.7874%* 0.0085 0.008 0.008 0.0081 0.0081  0.0104  0.0081
KDL 0.8103%* 0.4235%* 0.0031 0.004 0.0051 0.0053  0.0076  0.0058
ZEINQH 0.7602%* 0.3572%* 0.4851** 0.004 0.0051 0.0055  0.0075 0.006
HKEDY 0.7500%* 0.5273%* 0.4233% 0.4211 0.0049  0.0039  0.0077  0.0045
HARC 0.7602%* 0.3426% 0.5867** 0.4145%* 0.3677*  0.0026  0.0071 0.004
BEWD 0.7295%* 0.3628%* 0.3657* 0.4891%* 0.3926%  0.3487  0.0067  0.0084
BUNEHZ 0.7397** 0.3673%* 0.3879* 0.5123* 0.2783* 04872 03643  0.0029

AR TN TS s TN AT
Note: *significant, **highly significant

# 4 WIIHBHAKRADNAEHIX S FHENH
Tab.4 The analysis of molecular variance (AMOVA) based on mtDNA control region of T. fasciatus

2 5 2 B HHE % 252 7y AR5 AR
Source of variation df Squares Variance components Percentage of variation
21 #¥ 1] Among groups 1 123.688 5.30208 51.59
FEAA[E] Among populations 6 123.145 2.14906 29.01
4K N Within populations 61 172.342 2.82526 27.49
ST Total 68 419.174 10.27640

0.516; P =0.02).
FIHIMAGA4.13E T 3 T Kimura U2 $ (K2P)
IR U0 A6) S PRI AT 45 R G (] 3) S 7 AA V8 & A
A 8 3 Sk v R AR Rt 2R, i o [ R P 5
PR ANAEAE B S a4 2 i o 55 T i fb iy b A 1Y
LY AE JE ) SR TR 0 25 OC SR IR (T 4) 7R B k2 ol v
FELRD H AP KT, PEARTEARAE A i A e
SIS PN
3 iTig
3.1 WIEEFIXER S
P I LR ADNA P 5 5 A% 454, Lees™
XPLG T 6FF23 i R Il X 4 41, R B A B
e KB IR P A A7 ARl K JE AN TR TR
I, R IG5 W L 3 ) FL AT FEABLR) 45 R R e A R <
JEH o SN o3BT, AERAYL A4 il X rh i) H 26
IR AKX o Ry XCRIER ST e A1) X, X i AR
iUV B M RA YT B 5 11 DX P T S 1 5 Sk —

o FELALPHI X ARSI TR T R I 45 R 1)y
HEF4, HoP 8 TACAT. H g fit 57 [X (1) CSB-F.
CSB-E. CSB-DIJFFIEFFI AR LR AR S, 53
i FAR™ ST FE 31X (K CSB LR FE 911 7E
HRPAEEE R e, AEGPI . TEARTH
FFR s )i bk A% B R G R AU TTATTACT
CGAACTH I T A VL LR 57 7 41 X (1 CSB1AHAL 7
41|, CSB2FICSB3J T HIARLR S, &5 T
3.2 WILESEE M

B 2 REVE BRI DR e A RE D), B
T R B A 22 A ] DA B HE 6 PR B e e 1) 3
Ry, oA e, 75k B8 RS A A7, 1
AR IR 1 2 FEVE 2 B B R 6 A 422 AT
FORATT T8 FE AR 69 AN A (13 1l X 7 1) v A )
ISR S, A1 R X R P A 165,97 %,
A SR RIIAT R . W . BRI . 45 R R
TR (R 2% A AA) R B 28 22 FE4(0.778—1.000)
AbAE R 7K R A% T R 2 FF4.(0.0040—0.0106) 4k
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Fig. 3 The neighbor-joining tree based on control region haplo-
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FERAR A o FA Ty 5% A AR AR TG AE — A 5 ]
(RIS W (RIS 2 P, AR /N P 2 3% % R R e =2
A7 AR AR T 3 DR A 3L 7T A I AR A B B 2
PERR AR AL
3.3 MULEAEHAEREN S

AR I G548 S A Wt A 20 R (R bl o 2

PRI, T i 0 SRR A G5 A0 T B U5t AR
HAEH EE, LR ADNATRL T & L5 2,
Sy T SRR AL G5 R B T IR SRR fE A
TJF 5 B 20 o 3% 5 2R LR B0 TS R P 4 J 7S
FATL SRR 23 A op [ H A K 3R, AMOVA
I3 A &5 RN o B AR H AR AR B
AL oAk, Hog5 5 i i (Pennahia argentatus)[zz]
SR KEOHIE . PIPIREAR Z 8] Fo 3 B 45 R o i
Tty R AR 2 T B AF A — e FE R B a4
6, X5 O AT K THALHTAFLP . ISSRAFIZ KL &
CythFE R B gT g > > 2R — 8, KT R s
TSR s — o DAAERIEZ0 RATE S Bl /N MR A M A
b XX T ERAFAEE B, L kiR
DNA 2 il X A0 ZAH R T8 R AR Cyth JE H 45 1L
AbbRIc R, HBOE S AR AL 4 o b o R
PIREAR 2 (B A7 AR AL 73 A IR B ATV AR VR i
LA A= ) A B R AFAE, W i (Liza haema-
tocheilus). Efifi(Ammodytes personatus)~ FIE
HEE AT (Ruditapes philippinarum)&:2 % V% %%
N T TR R 3084 S5 A% JR) R B O el T BB
HH o 29 A 3 ) o R ALK 30 T ok 3T ) AN M A8
AL A 2 W SR TH (20807 4F 1) (1 32 2R 1, UK
(R A B BN AT B K29 105 4 vk ikl 2
I, BT P18 R FE120—140 m ™7, FEBEF W
ST R R, 3K 20 SRR s TR, R )
AR EL VG B B 2 B s, T A AR TR AEVF 2R
LM RT 2, TP T AR TR A% 7
AP, PRSP KSR 2t A 2, 5 1 34
A 195 2 465 15 0 5 v T DX 3 AR ) P R P 2R
B, MET B R AR AR A . AEUKITI B OR Z I,
FATL Sy PR JE V0 AN T 46 /0, i A0 B S AE AN [] )
EAEIT L5 A TR ORI, B IAET- 1D T e, FOR R
) AN K, TR HE R AT 46 1) 2 B S AT A%
T RA YL 4y R e A B DA A o [ i i R H
g U 2 T P ) e 31O 2 45 Je IR B T T
EAZ A AL RIS, B I ) R HERS, A i b
o LR RE AR AR AR 2 8] A T WS R e A
.

WFFT 45 F W AT My E 2 b A 4 1 XL ) gt
T ZREEAL T BRI, R W A AL B ) B 5
VIR RE, s NRIBCREZ B R4 3Tt . AV
S E A F AP AR, AR A AR
IR T 8 BB A 2K, AR 1
BE— R A b 2y A5 (I SSR. AFLP. SNP
S HEATIRANST o
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ANALYSIS OF THE STRUCTURE OF MITOCHONDRIAL DNA CONTROL REGION
AND THE GENETIC DIVERSITY OF TRACHIDERMUS FASCIATUS IN DIFFERENT
POPULATIONS

ZHAO Lin-Linl, BI Xiao-Xiaol, SONG Lin’ and GAO Tian-Xiangl

(1. Institute of Evolution & Marine Biodiversity, Ocean University of China, Qingdao 266003, China; 2. Eastern Liaoning University, Dan-
dong 118001, China)

Abstract: Roughskin sculpin, also known as Trachidermus fasciatus, is a catadromous fish that live in the seawater
along the coast of the northwest Pacific Ocean. The fish population size has been largely reduced in recent years due to
the deterioration of the habitats, water pollution and the construction of dams. To protect the fish resource and to im-
prove the fishery management, we need to better understand the genetic structure of the fish population. In this study,
we collected 69 individuals from 8 sampling sites near the coast of China and Japan, including Hangzhouwan (HZ),
Wendeng (WD), Rongcheng (RC), Dongying (DY), Qinhuangdao (QH), Dalian (DL), Dandong (DD) and Ariake Sea
(AS). The mitochondrial control region of 7. fasciatus was amplified with polymerase chain reaction (PCR) technology
and was sequenced with the forward and reverse primers by the automatic sequencer. We found that the 8 populations
exhibited high haplotype diversity (0.978) and low nucleotide diversity (0.0079). Our analysis of the control region re-
vealed the terminal associated sequence, the central conserved domains and the conserved sequence block domains.
Moreover, the analysis of NJ phylogenetic trees and median-networks demonstrated that these populations could be di-
vided into the Chinese lineage and the Japanese lineage. Finally, both the genetic differentiation index (F;) and the ana-
lysis of molecular variance (AMOVA) indicated a significant genetic differentiation between the Japanese population
and the Chinese populations, as well as a moderate differentiation within the Chinese populations.

Key words: Trachidermus fasciatus; Control region structure; Genetic diversity; Genetic differentiation



