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T HAT 43 F-fk /N R TR o R AR B P 2 3Ry
BER BB RS AR IS T RS 2= R R 5
PEALTFGE L AHESE ML 165 rRNA £ A
F 0l LA SRR 2R R DR S A1 4 )
HEA PRI, ST LA S 5 U At AL R AR 2 7
P, e R B R A R R R A R, B
TR YIRS BOT KRR F B i

1 HRE7®

1.1

i 5019 v T RV R TV, R AR
Hiu o5 A 5 U T 0 X (10 ), Sk Ll 2R A ifg
X (1R, JE 1T/ 05 i i X (12 ) A M e v IX A
X (122) Wy p Sk sl ST . i BRORE il A
26.2 ~ 34.7 cm, VK J5i £ 245.8 ~ 521.5 g, FEAS fiff i)
S BOHT ek LA AR SR A 70% 105K 81 58 TP ARAT,
] 52562 45
1.2 Ak
121 DNAHJBEEL SRAIH AL - 5057k T,
DNAFESHIIN 50 WL SR K 7, BT 4 CLA7# .
1.2.2  16S rRNA EFRI#EFAMAF  16S rRNA K
DR G B 8 L Y D ik R ek R IS5 14

DL-S: 5" =TTTACCAAAAACATCGCCTC-3" ; DL-R:

5 -YAYTCCGGTCCTTTC GTACT-3' ; JE4 ¥ 1%
50 puL S A &, HoA 2 2.0 mmol/L MgCl,, 0.2 mmol/L
dNTPs,0.2 pmol/L 45 5| #,50 ng DNA#E 2,4 U Taq

Jiff S 1< 2% wpik ; PCR J2 o B2 7 94 °C 1 2% P 5 min;

94 °C 22 #£ 1 min, 51 “C iR k1 min,72 °C 4E ff 1 min,
40416 BR; H2 S5 72 °C IE 5 min, T £ PCR ™=
PIAE 1.5% B e W5 068 e - 2047 riL ORS¢ s A
ARG AR IOULES . P17 YR 1 i Watson 22 7] 1)
Gel Extraction mini kit i/l & #472li4k, I35 18 B
Invitrogen 23 FIHEA TN

123 HIEHW 157 5K H Clustal W1.83 %k
PF AT G B8 A0 FIHE Y, R HI DNAsp 4.10 24
25 350 KB A BB e e S R B A H IR 2
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oA 5 2 R Al A A R 4 6 B R A,
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I REVEFE R (H) S 0.812, A% HF IR 2 REPETE KL (P)
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R1 #16S rRNAERFFSIBERRERERHS 6
Tab.1 Haplotypes of 16S rRNA and their distribution in four populations of Ilisha elongata
7 S N R A i LN
B fm Sequence variations and corresponding sites* Group
Haplotype 33 3344666666 66
122222333 3444444558 8806023333 34 GZ XM 7S QD
8812456367 8012478060 6841171246 80
H1 CTTGTACACC -GACTATTGT GCATACTAAG T- 8
5 - J - 1
H3 Ao — oo - - 2
H4 s — oo - 1
5 - C ST LT 1
H6 oo - ST .- 10 4 2
S - T C....... - 1
H8 o - e T CTTA - 1
H9 AL =T .- - A B - 1
H10 TGGT - A B - 1
HIlT oL A CA........ AT .. ... .. - 1
H12 ..o C. ... .. T - 1
H13 .o ] T - 1
H14 .. 0. — e C T - 2
H1S ... T T-..CGGA T........ - 1
H16 . . ... — e e T...T. - 1
H17 .. T.T — e TG - 1
H18 .. ... T --GA... ... T .- 1
H19 . ... — T....CT AC 1
H20 ... — o .TG oo .- 1
7 FORAR S R R BT 5 GZ XML 7S QD BRI LT Sl 5 BRI - I BRI . REIZ AL 51
FITFIAEIR .
Note: “*” Figures representing sequence variation sites need to be vertically read. GZ, XM, ZS, QD represent Ilisha elongata populations from
Guangzhou, Xiamen, Zhoushan and Qingdao ocean areas, respectively. “~” represents gaps; “.” represents identical nucletides with the representive
hyplotype.

SRS R, AN BRI A 2 2850 55 L ] | 2 A 7
Z R B (H) BT R 2 HEMEFR B (P ¥ %
TR 2R (K) FWAAE—ENZER. SHEZ
B ) 1E 0.47% ~ 2.89% 22 [f); B4 #I £ kf
PE 8 BUAE 0.318 ~ 0.978 Z []; 1% 1 TR 2+ 1 45 %X
7E0.001 0 ~ 0.004 5 [i]; 7 ¥ #% 1F fg 2 7 $0 7E
0.636 ~ 2911 Z [H] (F2), X4 BEARIEAT /010 R
(k) RSB (V,) R, 25 8 2 4Bk B
7 A — R R R AL, R T B AR 5 S 3 A
FEUR Y 20 R B0 $0.351 6 ~ 0.553 7, 43 AL 4 3k
B F K- (P<0.01), B N, /N T 15 T
T FFLL X 3 A B A P, B4R 20 Ak R B0 %

/N, 7E0.0139 ~ 0.0326 2 [8], 4 fL 35 oK 15 3] 8 3% K
- (P>0.05), B KRN, WA R T1(E3), HEHELE
BEORAE N VAN ZBE B 1L T TR 34 B A
R o5 VAR LT 501 R B (F,) FEE R
(N,,) R, 25 5 3 W, W2 A 1] 73 Ak R %5034 0.385 2
(P<0.01), F K 407980, N, /NF 1 ; AMOVA 3£ —
AT AR P IA)) 25 5 69.48% 17 1E THHAN
#B,30.52% FEAE TR Z ], i —2DAESE T PSR
S
23 BESHMFENS

K Mega 3.1 5% i 4 A BRI UEA Tt A& iR
BITHAL, G5 RR WY 3 B R S A 3 A Y v st
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Tab.2 Genetic variation parameters of four Ilisha elongata populations
ZH IR JE TR FHLFHEAR GRULEEAN
Parameter Guangzhou group Xiamen group Zhoushan group Qingdao group
Py
MRS 12 11 10 12
Sample size
S I
ZALLLL L /% 0.61 2.89 228 0.47
Polymophic locus rate
(7 1)
A \ , . )
Haplotype number
S 3] v
AR REEIR A (H) 0.318+0.027 0.873+0.089 0.978+0.054 0.561+0.154
Hapotype dlver@lty
s Lo B Lok b
$2ﬁ:ﬁ&§ﬁﬁfﬂﬁ (P) 0.0010+0.0006 0.0036+0.0012 0.0045+0.0012 0.0010+0.0003
Nucleotide diversity
ST b T e L3
PRI R S (K) S 0.667 2.364 2911 0.636
Average number of nucleotide differences
Fu’ s F RIS -1.09519 -2.13658 -5.11912 -1.58986
Fu’ s F test (P<0.05) (P<0.05) (P<0.05) (P<0.05)
R34 EBEERNBRES HCIERTR
Tab.3 Genetic divergence and gene flow between four Ilisha elogata populations
LN LK IS JE T TREA FHLFHA GETLEEEN
Population name Guangzhou population Xiamen population Zhoushan population Qingdao population
[ OMBEE 35.4971 18.3750 0.4030
Guangzhou population —
Xi ST VREIK . 0.0139(P>0.05) 14.8186 0.7883
iamen population
LA . 0.0265 (P>0.05) 0.0326 (P>0.05) 0.9221
Zhoushan population —
== g g
L 0.5537(P<0.01) 0.3881(P<0.01) 0.3516 (P<0.01)
Qingdao population

TE: XA LU BRI LR EF, S WM A5 (P<0.05 2 B3 704k P<0.01 Rl 35 704k ); XL AR

FEHFLN,,.

Note: Figures below diagonal represent genetic divergence (F,) and corresponding significance test of divergence between populations

(P <0.05 means statistical significance; P<0.01 means extreme significance ); while figures above diagonal represent gene flow (N, )

between populations.

R FE 5 0.002, 1M1 3N FEAR N BRI s L R R 0
MR8 4RSS BE B 1Y UPGMA SR 28 73 B 4 21
— LRI SR R TR 3 AR S AL B A
ﬁﬁ%%ﬁﬂﬁﬁF%ﬁ%%%ﬁﬁ%%%ﬁw
FrER2E (B D)o RT3 X0) 4% 2
$%@M%%%@‘#m%m%miﬁ%£ﬁﬁ %) 325 1
A5 H. Qs 2 R, W2 G FR K B EAR 445
FERI LA HT F A B B oty 5 Ry — 32 A L
IR 3N LUHAA S A A% He Ry i 3R
R 53 o BRI 480G ZR I B BRI 4 A e Y
2R DT L BT R T i A K Fu’ s

R L s MRS S

3 g

T, HK R % (P<0.05), 3%
IR REZ T R REY TR

Pyl i) 5t 1 A8 S A AR R AR I b vt 3445 A8 4k
REJT, —Mist 578 SRR P Rl A AR Y
T SV 3 IS vy ) R i XU, T 3 2 72 S
A e 0 W R R Bz, B A 5 v A A AT e R A A
I BRI G st 1 A8 S oK S04 T A B T o
A7 X AP AN T 2 s o ASBIE S i 3 o 4
BERFEAAR Y 16S rRNA FEH P A SR LA, R IR
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Fig. 1 UPGMA tree constructed from genetic distances between 4 populations of llisha elongata

GD, XM, ZS, QD represent Guangzhou, Xiamen, Zhoushan, Qingdao population, respectively.
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Fig. 2 Reduced median network of haplotypes showing genetic relationship among haplotypes in Ilisha elongata

Area of circle is proportional to haplotype frequency. Short perpendiculars on lines show number of nucleotide

substitutions between haplotypes.
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B TR (P) & 2 D e R L st 4% &2
FERERIFE R, RS R Z REMEFR B (H) DR A, v el
RV 1 B A B Z R FRHC () 2 0.812, LI 55
T [F 38, 7 45 801 RS (Coilia mystus) ™ 8

1y (Nibea coibor)"™ ., #¥ £ (Trichiurus lepturus). /N ¥

101 (Euplewrogrammus muticus) "' %5 ; 155 T E N 417
A P LT DL AR 20 T M R e
T8E0(P) >k , rh BRI I SR RL TR 2 FE PR 2K
70.003 1,5 CARIE R LRI AEYFISEAR Y, X
FEIRIR AR AR st A AR PR R LG A T 65
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(R AR 1B i 1 8

XoF 4 FER B FIE S5 14 43 A 2R T, vl ] S A4
AN 2G5 F 8 AR S i ELA A7 e 5 A AR 3
flo RSB SRS S L TR N 3 AR A
ZIE A . WPk R , & SRS
SH Al 34 T AR 1) 7 388 37 5 A7 7 [ 72 1) C— T 7%
e, 0 LIASCR 75 SRR D 2 FhRic. MRS AL 4
fiK T, SRS HA 3 BRI TC L 2 AR i
A 3AFEOR Z 0] A S =2 0 S S5 AU He., Mgt
AL REE IR S B &, & SRR 5
i 34 FEPR A A ALk 2] T B i 2K F (P<0.01), 3%
BN, < 1o — AN AR Z A N, < 1 UL (A
] g T AL AR I A T e TN, > 1,
TP ] 0 B PR R K P45 i RIS A Ak A Iy 24
N> 4155, Fre i) (1 56 PR A8 Bk o R 7843, A% o1k
TN SR JE T TR N 3B 2 18] 3 R iR Y, 24
KT 14, KW EAZ M m B T, RIS
PRI IO 45 5 FR IR S T S P MR At 3 4
PRI o34k, S8 T B BEUR 5 LAt 34 B A 22 ] 1)
AL B I AN K, 120.2%, 3% 7] BE 5 168 rRNA L[]
B I AR R ST A DG, (R 25 11 73k R A s i
M52 WL

— T VR A S R AR A A E R RS
PR3 43 AL AT B =, X b B = it 1 R B e
Z G il b IR — A LR A R Y HOR 38 T 1A
SRR, XS B K I B B i
PR RS R g Y T AR £ 1Y
W58 20, HA S5y HURE 1 (A1 1 st mT L™=
R R AL SR o MR T s 7 i
SR A A 955 PO i g A IS A A
EBE b, SR — R BB a2 K
PE B 1 BOAIZ B R I R R s AL 25 R 1 3
— ks {EL MBI i 2R, o R AR A AR A
RE ST AT RESEAT BRI, 45 B A FUJ) B — 2 X 5
W™, A B R RE D B AE ) T A IE L s AR
RSB — BN R (HE A LU ER A )
M SRR ] 3 AR =22 A7 A i B A 4 — 1,

DR R e e I 3K 31 i BB A o A AR X A ST 1
TR SR A A A P, — Rl REAY R B X 34
FEUR 5577 5 BEUR 10 20 AE 5 W) T RE S JE SR V5T 1 3
B, T ) i S LS I S AT O AR
7 P S T T DR BB 2R T R B I 1 T
Ko, 70 SR HH UK, vh - TR R T 120 ~ 140 m,
il v A A I R 1/2 DA AR A R i e, i
FEE] YK G 3 Vs BT 4R T, X RhT
THT 14 [ 2 A Ak 3 B P2 E R R oAk A P R 2 24
B > AT R, T A I 2 bl T T I
(R AR KL DR A R — B 290/ 11 07 4 3
PIZBE 040 A0 0T BE A T T s 1)) LAk, 2 it
BRI B B2 R RN A s AR T S AR A4k i
oA 3 AT AT BEAE VK I v T 22 52 i A N,
AT 3 ok

ARBIF ST 45 R i R JR T & AR LA
(R 7 o R TSRO TP VR I T REAEFEREIA K,
PRI % e ] ) 2 RO AR AP A0 DR R . 77 S AR
AR LA B e ol AR Bt £
FEBERAG, R LAE A5 I T & R o g 5 |31
Ko ARV N BRI SRR TR (R) 1 43k, (R R
1R 3B 1 22 PR I ] i s i [ R R a4 72 S 1Y
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Genetic variation in different populations of Ilisha elongata in China
coastal water based on 16S rRNA gene analysis

LV Zhenming, XU Yitian, WU Changwen, FAN Zhenjiao, ZHANG Jianshe

(Key Laboratory for Marine Culture Equipment and Technology Exploitation of Zhejiang Provice, Zhejiang Ocean University, Zhoushan
316000, China)

Abstract: To know the resource status of llisha elongata after long-term of overfishing, mitochondrial DNA (mtDNA )
sequence of 16S rRNA was used to investigate the genetic structure and genetic variatiaon of four populations of
Illisha elongata in coastal waters of China. Partial sequence of 657 bp was obtained through sequencing the 16S
rRNA gene of 45 individuals from four . elongata populations. Thirty-two polymorphic sites were detected in the
657 bp nucleotide, accounting for 4.88% of total sites of 16S rRNA gene sequence. Ten insertion/deletion sites were
also observed. Twenty hapotypes were detected out of 45 individuals from four populations. The hapotype diversity
index (H), mean nucleotide diversity index (P;) and average number of nucleotide differences (K) reached 0.812,
0.003 1 and 2.016, respectively. Results above showed that despite long time of overfishing, llisha elongata still
keeps plentiful genetic variation in its natural populations. Molecular variance analysis revealed significant genetic
divergence between Qingdao population and other three populations. A fixed nucleotide substitute was detected
in 16S rRNA gene region between samples from Qingdao population and those from other three populations of
Guangzhou, Xiamen and Zhoushan. Genetic divergence F, and gene flow NV, between the two lineages reached 0.385 2
(P<0.01)and 0.798 0, while no significant divergence was detected between Guangzhou, Xiamen and Zhoushan
populations (P>0.05) . AMOVA test showed that 69.48% genetic variation lies in intra-populations and 30.52% lies
in intra-populations. UPGMA tree and reduced median network of haplotypes also proved the gentic differentiation
between Qingdao population and other three populations. It was postulated that the frequent osilation of sea level
during the late Pleistocene might be the cause of differetiation between the two lineages. These findings will act as
a stepstone for better protection and development of I. elongata resources in China in the near future. [Journal of
Fishery Sciences of China,2010,17(3): 463-470]
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