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Abstract; The genetic structure and genetic diversity in three natural populations of Neverita didyma were analyzed by using
the molecular marker technique of inter simple sequence repeat (ISSR). The samples of the three populations were taken
from the offshores of Dalian ( DL) , Yantai ( YT) and Qingdao ( QD) , respectively. A total of 161 loci from 90 individuals
were polymerase-chain-reaction ( PCR) amplified with 13 primers. The proportion of polymorphic loci in the three
populations ranged from 74.53 % to 85.09 % . The abundance of genetic diversity in the three populations arranged in a
decent order was YT > QD > DL. The Nei’s gene diversity and Shannon’s information index of Neverita didyma was
0.3395 and 0. 5113 at species level, 0. 2811 and 0. 4189 at population level, respectively, showing that the genetic
diversity of Neverita didyma was relatively high. An analysis of the molecular variance ( AMOVA) demonstrated that the
among-population component accounted for 27. 16 % of the total variation, while the within-population component
accounted for 72. 84 % . The within-population genetic variation was apparently larger than the among-population. The

genetic differentiation coefficient ( Gst) , gene flow ( Nm) and the average Nei’s genetic distance were 0. 1720, 2.4063 and
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0. 1228, respectively among the three populations. The results indicate that although there is genetic differentiation of some
extent among the three populations of Neverita didyma, such differentiation is well contained in the context of normal
differentiation within the species. The results have laid the scientific basis for the conservation and utilization of the Neverita

didyma resources.
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VIR R L AR L B R — MR B BARE , ML= R 01 SRR B R PG LA R B
YRR B YIAR 36 , 38 R U S — Ny 3 P B 9 RE ) R 3 B8 SERR SRR AL v ™ o Rt B
RYTFBER L B HERIR L4518, XY RRO S BEIT R AR R, FEERNE L. FREZF5
IX | (inter simple sequence repeat,ISSR) B—FFHi B FARICHAR , B LMER DNA HE D> 25 MFE RE
HIF R R B E AT ARG s B AR I35

Ji E MR (Neverita didyma Roding) J& T R 49 BISEE 4, 4375 TRE B IL T G Ktk 5 . H AR RS
WY, B—Fph B R 26, HAREE R VEREE, A —ENEFIE, EE4REERNTIRE H &R
A BRI R BIER T R X 5. FIA ISSR LTS s Ly sy, BA —HmkD o mpsen
AU ERHGE , 64 BN R A KR BB AR S BT AIRIE . A SCAREL 7 R 19 R E 18
Juxtg, M ISSR A3 FARICEAR , B0 T i RS R R R e R A S AR e SRt 22 5, DU e B IR
R IRAY AR 7 AA SR LA FORE
1 ##5FEE
1.1 48

ERAPR AR BILT RE I DREE RF HIEEE 3 4> BRRR, B ERE SR LK E /5, R
AL A - T4 CREARRIKA PR s B4 B A REDLI 30 FRdh , 2L 90 MR (R 1),

F1 REBREFNHECERRFEHE
Table 1 Locations of Neverita didyma populations and the numbers of individuals sampled

JEREETR FEdh R &/ GE B AR
Name of population Sampled area Longitude / Latitude No. of individuals

A% DL T T K%L Offshore of Dalian, Liaoning E121°38’ / N38°54’ 30

HWE YT I ZR M & 3L Offshore of Yantai, Shandong E121°20’ / N37°33’ 30

5% QD LR T 5L Offshore of Qingdao, Shandong E120°19’ / N36°04’ 30

1.2 A4 DNA 25

RAH AT EM K 9L AE- SRk SR B 41 DNA, i 0. 7% B AR 5 I it T A1 46 4143 6 0
JE¥ER DNA 287, -20°CARF4 o
1.3 ISSR 3| 4#pfEikfn PCR ¥ 14

ISSR 5| ¥ AR 4 IS K FHE L K2 A7 B 7 3] Chitp : //www. biotech. ubc. ca/ services/naps/primers) ,
B ¥t TAY TRBRRS A RA A K.

PCR ¥ 347E PE-9600 %! PCR X b3E4T, RALEMRTR N 25ul, S00LH PR R A HE 10 x buffer,2.0 m
mol/L f#§ Mg** ,0.25 m mol/L fj dNTP,0.8 U ¥ Taq DNA 473,0. 2pmol/L /) ISSR Z| 47,20 ng #4k DNA,
PCR AR R 94°C FAEH: 5 min ,94°C 2B 45 5,52°C Bk 45 s,72°C HEfH 90 5,45 NMEF )G, 72°C A 10
min 4 CHR1F . FIRALIE IR BLER , )k 30 4~ ISSR 5| Wy i it T 13 MEEHF FHFERNTIWAT
ISSR-PCR i (F£2),
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F2 HATISSR AHK 13 15[ FEF
Table 2 Sequences of 13 primers used in ISSR analysis

B 91485 Primer code B FF3 (5'-3") Primer sequence B985 Primer code B|¥FE5 (5'-3") Primer sequence

UBC 811 (GA)4C UBC 835 (AG)4YC
UBC 812 (GA)gA UBC 836 (AG)gYA
UBC 813 (CT)Y4T UBC 840 (GA){YT
UBC 814 (CT)gA UBC 856 (AC)gYA
UBC 815 (CT)4G UBC 857 (AC)YG
UBC 825 (AC)4T UBC 873 (GACA),
UBC 834 (AG){YT

1.4 ™8 s kil 54400 o

PCR 3§ 7= 4L 200 ~2000 bp 5S> F& (DNA Ladder IV Marker, LB E AR =) E RS, B #
Xof BRI ABRASEAR DNA LASM H B & R, FE XK B BAR DNA, LA 1. 2% B9 BRBR N BEE #E4T i TR (g
AW 1 pg / ml BIRALLEE) , BIK G TEBER BUE ARG P LB AR, B [ —5 | ¥ 3 A e ik E R 28
— BRI VRN R —L 5, DT W E MBI , SRR L A8 “ 17 07 74 B ISSR R HHE
R,
1.5 ¥R

JF POPGENE ( VERSION 1.32) #f4"" % ISSR 004 45 B HEAT A S HUMIT , 2 BIST B . B41 & 1
4] ( proportion of polymorphic loci, PPB) | WLl % {1 2 P X ( observed number of alleles, Na ) .75 %% 7 2 R4
(effective number of alleles, Ne) \Nei’ s R Z R +8 % (Nei’ s gene diversity, h) , Shannon’ s {5 B 98 #X
(Shannon’ s information index, I ) | J& #¥ 6] f) 35 15 73 1 & 21 ( coefficient of genetic differentiation, Gst) | £ H i
(gene flow,Nm) 3R fEHELL B (genetic similarity,S ) 135 &HE B ( genetic distance,D ),

A Shannon’ s {5 B 6%, 1% Wachira 21 BARK, 2 BT AR T A5 9438 A 5 782 8 (Hpop) T
RSP R385 2255 (Hip) | 364588 Hpop / Hip 71 Hp ~ Hpop)/ Hp 43 SIS B R REVS U RER B 675 57
By H )

1 q o
Ho = - NZ XilnX:

A, Ho AEEFEHGRE LR, Xi Rl @ R — SRR M BREBRER, N 78 28 B b Rl 20 9 iz s

Hpop = %2 Ho
A, Hpop AIEFENBIEZEE, n HPTHISHI R
Hp = -+ 3 XInX

K, Hp HBFEAHBREZRE, X n MNEFNEGERIE,

1) DCFA( VERSION 1. 1) #%431% Euclidean FEB5E "% | F] f§ WINAMOVA ( VERSION 1. 55) 3k 4%} /&
TR LB B P B 15728 AT 40 T8 572434 (amalysis of molecular variance, AMOVA) 17,
2 &R
2.1 REBERHNBEEHEE

13 4~ ISSR 5|55t R £ 48 3 ANEAER 90 RAMAILY 3 i 161 Mz 5, BN 5P 12.4 Mz, 3
HE=YI 5318 KE7E 200 ~ 1600 bp Z A (Bl 1) , 3 MNERERIZ A& A I %A 2R B M
B %Nei’ s P ZFEHFEHON Shannon”’ s {5 BIBHUNZE 3 i, AR 3 LR N, & BEHZRNALE HH
BRHN 85.09% , BAAKERHME BN A A WHIEFE, BRI Nei’ s REZH IS (h)
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Shannon’ s {5 BAEH(] ) RE , —FWK/MEHHM R, B & ERHRE 2 HHKFRR YO YT > QD > DL,

®3 RIEEIERMOEESHE
Table 3 The genetic diversity within three populations of Neverita didyma

LA Nei's & ,
BRER ol amtAne  WNSGEEE  ARSUBEE  Jnein Shanon’s
Population name i i PPB( %) Na Ne B EE3E8I
polymorphic loci h
K3 DL 120 74.53 1.7453 + 0.4370 1.4280 + 0.3553 0.2546 + 0.1859 0.3836 + 0.2619
W& YT 137 85.09 1.8509 + 0.3573 1.5434 + 0.3496 0.3134 + 0.1750 0.4642 + 0.2393
H5% QD 120 74.53 1.7453 + 0.4370 1.4734 + 0.3648 0.2753 + 0.1900 0.4088 + 0.2673

# PPB ; Proportion of polymorphic loci; Na; Observed number of alleles; Ne: Effective number of alleles; h: Nei’ s gene diversity; /; Shannon’ s

information index

Nei’ s FHZHAEISH(h) F1 Shannon” s {5 BIE 4L
(I)ZEBEEKF L4370 0. 2811 F1 0. 4189, 7E #yfp K
S 451 0.3395 F10. 5113, @R R FIB S RA
BRNBEZHEEKE, UMK FBE R TE
FEKFo

M Shannon’ s {5 B8 ¥(1 ) 7 i ERBE B I 2
TIELUR , WK Vi85 2758 (Hsp) 9 0.3130, /7
R IR 15 235 (Hpop) 7 0. 2457; Jg EIRHR 15
BRA 18.13% FETREHN,21.27% WERFET
JEREE(R4) .

2.2 REBERRBREEN
2.2.1 JEFFI] 8 R B A s A B

BAFEEES (D) Fist A LB (S) R4 2 & B i
RS EENEESY,S EBK, RREXRRBIE,
BAEEFE/N T D BB K, MR R 4% 08 R EE, &
fEAR R, ARYE Nei B9 AR TH58 2 140 A 5 fm 2t
RHEBEMB MBS RINE S, WIS AER 555 B 5% UBCSS X DL.QD M YT BRI kK
'f?*ﬁfﬂﬁ}ﬂﬁ%gﬁ%%—‘ﬁ% , EDE}% EE‘E% 3 /I\Eﬁ I:P , Fig. 1 Electrophoretogram of PCR product from population DL, YT
DL 5 YT 2 WM& RBIE, DL 5 QD 2z ™ 0
KRB,

2.2.2 BEEMBRESME

FIF AMOVA (584 531445 B BE R A B B X BB 78 B U R R, R £ 18 27. 16% B 57
RATESRREN,72. 84% WBF R AETEBHN (3R 6) , BEMNRE B/ R B I8 E R A E A& 8E 15
e 4(Pst = 0.2720,P < 0.001), JERBEHEBEDLRE(Gst) 7y 0. 1720, B Gst fEBEEIEF W (Nm) h
2.4063,

3 i
3.1 XTREBMEEEHE

BAE SR TR YR X BB G DL RE T L B AL ¥ 7 , B3 AL A ) N BRI i B S —
AR R IR ZBALR B 74.53% ~85.09% , 5 1 ISSR 75 i:45 H B H B HE s 2350 S LLBIAE I,
REEBBERERHNRELHEEKERE., /DN (Pseudosciaena polyactis) 4 65.63% 3] , 8% ( Paralichthys
olivaceus) 4 27.45% ~33.92% ' | Jj#% ( Coilia ectenes) X3 57. 58% ~68.18% °) | #4524 ( Hapalogenys nitens)
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F4 RER3IEFHNFFEE Shannon’s {5 BIEMBH T
Table 4 Partition of the Shannon’ s index within and among 3 populations of Neverita didyma

. . f’%ﬁﬁﬁfﬁif? f’u R JERLE RIS FEREE RIS
N BEEE BEEZBE  EBERA LA
DL YT QD Hpop Hsp Hpop / Hsp  (Hsp-Hpop) / Hsp

UBC 811 0.2268 0.1984 0.2025 0.2092 0.3238 0. 6463 0.3537
UBC 812 0.3070 0.2683 0.2043 0.2599 0.2974 0.8739 0.1261
UBC 813 0.2606 0. 3068 0.2430 0.2701 0.3198 0. 8447 0.1553
UBC 814 0.1953 0.2774 0.3375 0.2701 0. 3206 0.8423 0.1577
UBC 815 0.3075 0.3061 0.2229 0.2788 0.2893 0. 9636 0.0364
UBC 825 0.2404 0.2910 0.2270 0.2528 0.3183 0.7943 0.2057
UBC 834 0.2187 0.2628 0.2458 0.2424 0.3233 0.7498 0.2502
UBC 835 0.1813 0.2846 0.1474 0.2044 0.2863 0.7139 0.2861
UBC 836 0.2433 0.2096 0.2489 0.2340 0.3222 0.7262 0.2738
UBC 840 0.2110 0.2688 0. 2556 0.2451 0.3212 0.7632 0.2368
UBC 856 0.2403 0.2611 0.1975 0.2330 0.3226 0.7221 0.2779
UBC 857 0.2570 0.2575 0.3139 0.2761 0.2987 0.9245 0.0755
UBC 873 0.2171 0.2432 0.1944 0.2183 0.3259 0. 6697 0.3303
SE#] Mean 0.2389 0.2643 0.2339 0.2457 0.3130 0.7873 0.2127

* Hpop:Genetic diversity within populations ; Hsp ; Total genetic diversity ; Hpop/Hsp ; Ratio of genetic diversity within populations ; ( Hsp-Hpop)/Hsp:

Ratio of genetic diversity among populations

2y 44.83% ~51.72%"% , Uy (Meretrix meretriz:) g 5 REE3MERENREERNEGRLLE
68. 40% ~ 80. 70% (7] s 35 22 mg N ( Perna wviridis ) N Table 5 Genetic distances and genetic identities index among 3
57.14% ~60. 78% [8] . ;}X% Eh Tﬁiﬁ?}@ﬁéﬁj% ':P populations of Neverita didyma
opulation name e
BN RIIBEN BRERS, HARE AT e et MEDL AT FE D

A% DL — 0. 8987 0.8683
FIRER, T 2 (5N T F T R ISR e e e
BEWB AL EXAFAFEE , ZLFBREEH #5 QD 0.1412  0.1203 -
PATER TR TR EB BB B RERE, 14 s S ARA EH N B, &2 F W BEIER  Genetic

ﬂeﬂfﬁﬁ }\I?%Eﬁﬁﬁltiﬁii%&‘ﬁ , Iﬁﬁ'ﬁﬁﬁ‘,T Xﬂ‘ﬁiﬁ 'f§ g identity (above diagonal) and genetic distance ( below diagonal)
ERENRL AT

MAIAG Y Nei” s BER ZHEHAER(h) F Shannon” s /5 RIEH (] ) B YR , I EREYFKFHY
BAEZHEER T ERKT, TSR N R L 2R R AR AR 8 R A B AR ET MR
Wb RAGEAR D RERE %

F6 RER3TEHBEEERNAMOVA 34
Table 6 Analysis of molecular variance (AMOVA) of Neverita didyma three populations

ZRAS  BRESE

B RRIR HEE BEYHM 2y i .
i Variance Percentage P
Source of variance df SSD MS o
component  of variation( % )
JE#$E] Among populations 2 547.9778 273.9889 8.3835 27.16 < 0.001
JEB A Within populations 87 1956.0667 22.4835 22.4835 72.84 < 0.001

* AFHL 1000 REEAS BRI B A3 Significant differences were calculated using 1000 permuted samples; df: Degree of freedom; SSD; Sum of

square deviation ; MS ; Mean square

3.2 mERERREEESREI LI
AMOVA 73#7 ZE R BB 04U AR B2 HH R B RE R I8 2 454, 220 #T RAPD . ISSR 45 B AR ICH4R 89—
FABOTIE™ o ABTGR A, AMOVA 434755 Shannon’ s {7 B35 B5M7 28 578 JE T V3 R E 1A 09 3 A R 00
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FHA—F, A 70% U EHESEETABRN, A/ NS HET RN, BRAERES LT ERENE
G

Z<3C 1 POPGENE 3T Nei” s £ HE B4 0 1 10 i 6 M85 2% 16 38 5 40 L B 4K Gst 4 0. 1720, i AMOVA
53¥7 3T Euclidean BEBS 518 H B9 st v 0. 2720, BiFbAGE 7 i 7E S8 E BAAR R, B = F BTN i ekl
B, ZE R B ERR ML EEEE™ . Euclidean FEEFHFEE F EFHAEEB N Z TN, A
ZHENHE, BRAEE S AT AR Z A, E it WINAMOVA #k f4 H # 2 # f] Euclidean BE B
#°7, Buso Zih N, Gst B Pt HATF 0 ~0.05 X A FREREF RS LR ERT;0.05 ~0. 15 R4 L
14550 15 ~0.25 Jg5MER BB KT 0.25 AR A" . mb I, i EEERER B R E TR AR
FEHIBIEIME, Cst 5 Pt (5K BB LS R —BH

M ERRAAHREENEZEREXHEEMET R, BEBESXIENI Y, FEBRK
N, MBREFER Nn < 1 BEETRRNEAERERESHN ESRE B RERRBRLZME, YE 1R
FERETEERTRET 1 (Nm=1) , ZE LT AR 1L B R b S E B R e ™ . A%
i R B 3 ANE BRI W Nm = 2.4063 , XU BRI S G0 EE R, B ET AL REIEE
BHMAMUNEERER, 3ERERERRAMETRS HEET R KB IE M6 A B R B iR
B U RAEERESERERBSEEAE X, RBEBTR S, R AL b RN e , Bk
TEXGIRA BT IR R, B HE — E R R T 2B 38R

BRRERARBHOHAT —SRERREME, BHREER R M UE 3 N ERA R #EE
BB (8 0. 1228 , 3% 517 — Wb i B RERIBEEE B /N T 0. 16 B P RARKF , B R R 481038 15 404k
V508 FRINIER HMLMTEmE . ASCh, KERBSHSEROREERB R, M A ERERSHEBRARE
PR BN, 3% 45 3 NERTAL BB B A %, KR S G Z I8 i v ik , % 1K B13E 3158 FobH ; 5 5
HiAb AR B R R, 3R E A B T LB MR AK BLEEITS L ILGR K B B — KA TR , XRS5k i 31
BRI 3 T R I B R 2 B

ABIRGREN, RELLTENRERARERAESE ETHRELHEE, BLAENCSHBR T RES
o X—GREVHS BT R ERBAR QR BRERE LR RESN BB A M EERRER, BT
W R IR R R CRBAR AL TRIEAK IR, 7EULEERY b, B 245 R T 08 S 38t 15 2 e AR v R SR R R A 1
WG, FARIR L B AR B R R MK TR RSB RRIAMEE T RN AR A, NSRS 1 iR R
FURRELL KRB A AR R 2B B R A, B i B R RIS e A B 38 AR B4R A AR RI 38,
& BT 2 A 1) Al B AR IR
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