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15 , 100mg , 1000 (Bootstrap value)
, 4751 (10mmol/L
Tris-Hcl, pH=8.0; 50mmol/L EDTA, pH=8.0),
, 10% SDS  20pg/ml 2
K, 55°C , (r b 2.1
1 DNA DNA PCR , 18S rRNA
, 1% , 5.8S rRNA , MEGA4.0
,—20C , ITS1 515—571bp ,
1.2.2 PCR ITSI PCR ITSI 4
5'-GTAACAAGGTTTCCGTAG GTG-3/, 1, ITS1 G ( G
5-TTGCTGCGGTCTTCATCG-3' 3 ) ITSI GC
PCR 1 94°C 50% , 40%—45%
2min, 94°C 45s, 48°C 1 min, 72°C 1 min, 4 56,
35 ; 12°C 5 min PCR 9.5%, 25
25ul, 10><PCR buffer 2.5ul, dNTPs 0.2mmol/L, MgCl, 31 , 56 C/T 21, A/G
2mmol/L, Taq 1U, 0.12pmol/L, 17 , AT 7 ,T/G 4 ,A/C
DNA 50—100ng 6 ,A/C/T 1 ,ITSI
1.2.3 PCR 1.5% GenBank
, , 5 12 ITS1 , GC
(TaKaRa) PCR , pMDI18-T AT , 4 GC 50% ,
DH5ox , 2
s (SSR) 1—6
1.2.4 Bioedit , ITSI
, ClustalX 1.83 , , (AATC);4 (ACA); (TC),
DnaSp5.0 (TAC);6 (ACT); 5 ,
, s , (70) (141) (217) (277 462) (278)
s s SSRHunter3.1 DnaSp5.0 3,
,  Arlequin3.1 (Excoffier et al, 2005) , 4
(AMOVA) s
(F-statistics, R 40
Fso), (permutation test) Fs , 4,Hap 9 3
( 1000) MEGA4.0 , Hap 2 ,
/ Hap 18 Hap 35 ,
Kimura2-paramter , Hap 17
(NJ) R , Hap 20
F1 ANFEBAK=HERTE ITSL FI89MEAEK
Tab.1 Nucleotide composition of ITS1 sequences of P. trituberculatus from four wild populations
T% C% A% G% C+G% (bp)
(YL) 24.2 27.8 26.0 21.9 49.7 539—571
(LZ) 24.0 28.0 25.6 22.4 50.4 542—558
(HZ) 24.2 27.9 25.8 22.1 50.0 515—561
(ZS) 24.2 27.9 25.7 22.2 50.1 536—565
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Tab.2  Origin, Family and microsatellite type of outgroup sequences
/ C+G%
/ Portunus gracilimanus AM410548.1  (ACA)5),(GCT);3(GA)s,(TC)3,(AT); 52.4
Portunidae/Portunus Portunus sanguinolentus AMA410544.1  (GCTA);,(TAC)6(TG)s,(TA)s,(AG); 48.6
/ Eriocheir sinensis HQ534060 (CA); 57.1
Grapsidae/Eriocheir Eriocheir leptognathus AF253519 (CG); 61.1
Eriocheir japonica AF517680 (CA); 59.8
Eriocheir formosa AF517681 (CAT)4,(CA); 59.7
Eriocheir hepuensis AF517679 (CA); 59.9
Chionoecetes bairdi AB193502 (AC)s 49.7
Chionoecetes opilio AB193500 (TAC)4,(AC)3; (GGT),4 49.4
Chionoecete japonicus AB193505 (AC)3,(GGT),4 50.1
Lithodifiae/Paralithodes Paralithodes camtschaticus AB194391 (GT)4 52.8
Lithodifiae/Lithodes Lithodes aequispinus AB236928 (GT),4 514
£33 ZHERFEINTFEFHKITSLEAREMNEESHESH
Tab.3 Genetic diversity parameter of ITS1 gene fragments among four wild populations of P. trituberculatus
N H Hg K Pi
YL 15 12 0.962 8.019 0.01536
Lz 15 14 0.990 6.267 0.01211
HZ 15 11 0.905 6.438 0.01303
ZS 15 13 0.981 8.210 0.01573
60 40 0.962 5.218 0.01071
. 1.45039,
2.2 0.65463 NJ
(AMOVA ), R Bootstrap , 1000
AMOVA R 1 , ,
5, AMOVA R R
(Fs=0.00423, P>0.05),
0.423%, 99.577%
s 0.42480—0.75000
(F4<0.05) , 3.1
0.01232,
0.01121, > 5
0.01016, ( , 1990),
0.01121( 6) ,
2.3 ( , 1993)
ITS1 5 RNA
GenBank 5 12 ITS1 ,
MEGA4.0 C 7. ITS1 ,

1.67267,
0.02480,
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Tab.4 ITS1 nucleotide polymorphic sites and the haplotype distribution in the population
111 1112222222 2222222222 2333333333 3444444445 555555
2226667111 9990122333 3456777788 8124455667 9012478892 466888
YL Lz HZ ZS
5682346014 2363317123 9648057934 5384659364 7816104919 926038
Hap_1 AATATTTATT TTCAATA-TA CGTACCTATA CCTCTACAGG CCCAACTACA ATACAT 1 0 0 0
Hap 2 ... ... oL T e e e ..G..C 0 1 1 0
Hap 3 oo i T W TA....C... ..G..C 0 0 1 0
Hap 4 ... ... oL LA G ..G..C 0 0 0 1
Hap 5 .......... Covi G i Y ..G..C 1 0 0 0
Hap_ 6 B T e R € ..G..C 0 1 0 0
Hap 7 R P Come e e G ..G..C 2 0 0 0
Hap 8 I Cou.. e G ..G..C 1 0 0 0
Hap 9 T e G ..G..C 3 1 5 2
Hap_10 T e T G ..G..C 0 0 0 1
Hap_11 B - oo TG ..G..C 0 1 0 0
Hap_12 B e .G T. ..G..C 0 0 0 1
Hap_ 13 B AT .Coolol ool Tooo ool ..G..C 0 0 1 0
Hap 14 [ AT .Coolil ol GT... .o, ..G..C 0 0 1 0
Hap 15 JTC N GT..o v ..G..C 0 1 0 0
Hap 16 Tl i Geims G GT... .To..oo.... ..G..C 0 1 0 0
Hap_17 TC...GC ....... AL Covvvven it To.oo ool ..G..C 1 1 1 0
Hap_ 18 TC...GC ....... A.. Covvvven v GT... ... ..G..C 0 0 1 1
Hap_19 TC.G.GC ....... G.. Covvvven vt To.o. ool ..G..C 0 1 0 0
Hap 20 TC...GC ....... A.. Covinnt Y ..G..C 1 1 0 1
Hap 21 TC...GC ....... VT Tore v, G..G..C 0 1 0 0
Hap 22 JTC...C o T A L Co TooToee e, ..G..C 0 0 0 1
Hap_23 TC...GC ....... Ao L CGoa Ll To.. ool ..G..C 0 0 0 1
Hap_24 TC...GC ....... A.. Covvvven GT. . LGl .CG..C 0 0 1 0
Hap_25 TC...GC ....... A.. Covvvven GT... ... .G..C 0 0 1 0
Hap 26 TC...GC ...G...A.. Coveven v GT... .o, ..G..C 0 1 0 0
Hap_27 TC...GC ....... Ao . C.==CCT A....GT... .......... ..G..C 0 2 0 0
Hap 28 TC...GC ....... A.. ..C..AGCCT A LGTo . o T.. ..G..C 0 0 0 1
Hap_29 G.TC...GC ....... AL Covviven vt T ..G..C 0 0 0 1
Hap_30 TC...GC ....... A.. [CR Aol ..G..C 0 0 1 0
Hap_31 TC...GC ....... To. oo CTAC o ..G..C 0 1 0 0
Hap_ 32 TC...GC C...... T e e LGl ..G..C 1 0 0 0
Hap 33 TC...GC ....... e ..G..C... ..G..C 0 0 0 1
Hap 34 N e Ao T TA ... ... ..G.GC 1 0 0 0
Hap_35 B T e A TTA ....... ..G..C 0 0 1 2
Hap_36 T - Tl A TTA ....... .G..C 1 0 0 0
Hap_37 TG T e e A- TA........ ..G..C 1 0 0 0
Hap 38 AT o Cov i - TA........ ..G..C 0 0 0 1
Hap 39 T e “TA ... ... ..G..C 0 1 0 0
Hap 40 TC...GC ....... A.. Covvnnt A - TA..... G GA. C 1 0 0 0
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%5 BKBNRETRNHTFERERHIAMOVA)  28bp, / :
Tab.5 Analysis of molecular variance (AMOVA) DNA
d C4) ITS1
3 41.317 0.05497 42.279
56 725067 1294762 (AATC)3.s (ACA) (TC); - (TAC)ss
59 766.383 13.00259 (ACT)3 > ’ GenBank
ITS1 ( 3),
F 6 REREBTAEXTIREEEES( YA Fo( ) ’
Tab.6 Pairwise genetic distances (lower left) and Fy (upper right) (ACA), (CA),
YL Lz HZ YA
YL — 0.75000%*  0.61621%*  0.53906** , GC
LZ 0.01232 — 0.42480%*  0.61621** (Rodriguez et al, 2000) 4
HZ 0.01039 0.01047 — 0.05859%* ITS1 , GC
z8 0.01082  0.01121 0.01016 — 50% , GenBank 5
GC 50% R
R , ITS1 GC R 60% R
( , 2000;
Schilthuizen et al, 1995; ,20006) 3.2
R 4 ITS1 R
ITS1 COI >
s R ITS1 (2007)
Kinght (1993) R >
/ 2.0, (2009)
s , , 4 0.90 R
ITS1 / 2.17, (2007) (Sinonovacula con-
, ITS1 stric) (1.0),
R R 515—
571bp, / R / (2007) (Mercenaria mercenaria)
£ 7 ETITS1 A8y Kumara2-parameter &£ 28 5 ( )
Tab.7 Kumara2-parameter genetic distances (lower left) based on ITS1 gene fragments
1 2 3 4 5 6 7 8 9 10 11 12
1. Portunus sanguinolentus
2. Portunus trituberculatus 0.51051
3. Portunus gracilimanus 0.67737 0.65463
4. Chionoecetes japonicus 0.86443 0.98814 0.97090
5. Chionoecetes bairdigenes 0.87606 0.94311 0.97090 0.02480
6. Chionoecetes opiliogenes 0.87708 1.00274 0.98519 0.00408 0.02901
7. Eriocheir leptognathus 0.93007 0.84412 0.85005 0.55146 0.53583 0.54313
8. Eriocheir japonica 0.96038 0.80662 0.83868 0.56023 0.54460 0.55183 0.08218
9. Eriocheir sinensis 0.96038 0.80662 0.85201 0.56916 0.55353 0.56068 0.08218 0.00820
10. Eriocheir hepuensis 0.96038 0.80662 0.83868 0.56023 0.54460 0.55183 0.08218 0.00000 0.00820
11. Eriocheir formosa 1.02479 0.87781 0.85332 0.56874 0.55287 0.56023 0.08200 0.02491 0.02491 0.02491
12. Lithodesae quispinus 1.36857 1.45039 1.55350 1.42620 1.37228 1.41548 1.43115 1.38102 1.41329 1.38102 1.43901
13. Paralithodes camtschaticus 1.39888 1.38781 1.58131 1.67267 1.58315 1.65203 1.56197 1.50270 1.54273 1.50270 1.57344 0.02485
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THE GENETIC DIVERSITY AND PHYLOGENETICANALYS OF ITS1 IN
MITOCHONDRIAL DNA OF FOUR POPULATIONS OF PORTUNUS TRITUBERCULATUS

LI Yuan-Ning"?, MA Peng®, LIU Ping®>, LIQi'
(1. Ocean University of China, Qingdao, 266003; 2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences,
Qingdao, 266071)

Abstract
was cloned and sequenced. 515—571bp ITS1 fragments were obtained. 56 polymorphic sites were detected. The propor-

The ribosomal DNA internal transcribed spacer 1 (ITS1) of four wild populations of Portunus trituberculatus

tion of polymorphic sites was 9.5%, in which parisimony informative sites were up to 25, 40 haplotypes were identified
from 60 samples. Haplotype diversity, nucleotide diversity, average number of nucleotide differences and average number
of nucleotide substitutions per site were calculated to analyze and compared. The results showed that the colonies from the
Zhoushan had highest levels of genetic diversity, followed by Yalu River estuary and Haizhou Bay, Laizhou Bay is the
lowest. 5 kinds of microsatellites were found in P. trituberculatus. AMOVA analysis results show that the four groups
showed significant genetic differences. The molecular phylogenetic tree constructed with NJ method using software MEGA
4.0 to study several species of the Decapoda molecular phylogeny. According to the NJ tree, different species of the same
genera were grouped together, in consistence with the morphological taxonomy.
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