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Fig.1 Three color morphs of R. venosa
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Tab.l The number of samples of three color morphs of R. venosa

B 110 25
1 36 11
(6] 65 22
g e e e o as
1.2
1.2.1
, 0.0lmm
(SH) (BWH)
(SL) (AL) (AW) (OW) (OH)
7 , 2
(BW)
(SW)
, 15

(BWH/SH AL/SH AW/SH OW/SH OH/SH
AL/BWH AW/BWH OW/BWH OH/BWH AW/AL

Fig.2 The morphologic measurements of the shell and
operculum of R. venosa

SPSS
( ,2010)
STATISTICA6.0 UPGMA
City-block , 3
( ,2010)
1.2.2 DNA PCR
30mg,
DNA ,
16S rRNA (Kessing et al, 1989) CO
(Folmer et al, 1994) ( 2) 16S
PCR : DNA 100ng, 2xEs Tag Mas-
terMix( )12.5ul, 0.5umol/L,
25ul 94°C
Smin, 94°C/30s, 50°C/50s, 72°C/50s 30
, 72°C 10min CO PCR
DNA 100ng, PCR Mix( )12.5nl,

*2 FRASIMFYY

Tab.2 Sequences of used primers

Dl16sar 5'-CGCCTGTTTAHYAAAAACAT-3'

D16sbr 5'-CCGGTCTGAACTCAGMTCAYG T-3'
LOC1490 5-GGTCAACAAATCATAAAGATATTGG-3’
HOC2198 5-TAAACTTCAGGGTGACCAAAAAATCA-3’
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0.5pumol/L, 25ul (P>0.05), OH BW (P<0.05),
PCR , 95C 5min, (P<0.01); O I
95°C/50s, 48°C/50s, 72°C/1min, 30 72°C oW SW (P<0.01), BW
10min PCR 1% , (P<0.05), (P>0.05),
, K
1.2.3 DNA , (P>0.05)
Clustal X2 (Larkin et al, 2007) DNA ,
, DnaSP5.10 (Librado et al, 2009) BWH/SH AL/SH AW/SH AL/BWH AW/BWH
MEGA 5.05 (Tamura et al, 2011) OW/BWH AW/AL OW/AL OW/AW9
, R (P>0.05);
+ Modeltest 3.7 OH/SH OH/AL2 ,B o
(Posada et al, 1998) mtl6S rRNA CO (P<0.01), 1 B 0]
, Akaike Information Criterion (P>0.05); OH/BWH OH/AW2
(AIC) : HKY+I(16S)/G(CO ), , B o (P<0.01), B I
mt16S rRNA  CO (P<0.05), 0 I
, PAUP 4.0 (Swofford, 2002) (P>0.05); B I OW/SH
MrBayes3.0 (Ronquist et al, 2003) (P<0.01), O B I OW/SH
(Neighbor-joining, NJ) (Bayesian tree, BI) (P>0.05); B 1 0] OH/OW
NJ Modeltest3.7 , (P<0.01), I o OH/OW
1000  bootstrap (P>0.05), ,
s Modeltest 3.7 s S
nst=6, rates= .
gamma, 4 ,3 1 BW/SH BW/BWH BW/AL BW/AW4
, s 1000 , 1000 , B I O
1 s (P<0.01); 1 o
(P<0.05), ,
2 >
2.1 2.1.2
21.1 3
) , 5
, B 0 (P<0.01), ,
(P<0.01); B | ow B , OH BW ,
%3 3IMEOFGRKIIBEERRENSH LT
Tab.3 The descriptive statistic of morphometric traits of three color morphs of R. venosa
B I (0] B I (6]
SH 75.42+2.49* 91.25+3.11°¢ 100.08+2.64° OH 22.88+0.79° 20.01£1.17% 29.63+0.87°
BWH 65.57+2.24° 78.60+2.81°¢ 86.67+2.30° BW 88.33+6.33° 122.88+8.50° 156.78+8.69°
AL 59.28+2.29" 72.19+£2.73° 80.01+£2.24° SW 49.70+31.60" 73.71+5.06° 98.78+5.37°
AW 33.02+1.36" 39.22+8.95° 43.64+1.24° K 0.35+0.014* 0.38+0.014* 0.36+0.008"
ow 36.90+1.24* 39.71£1.52°% 40.23+1.21°¢
B - ey s - (P>0.05);
(P<0.05); (P<0.01)
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Tab.4 The descriptive statistic of standardized data of three color morphs of R. venosa
B 1 (6] B I (6]
BWH/SH 0.87+0.003* 0.86+0.005" 0.80+0.002* OW/AL 0.60+0.004" 0.55+0.005" 0.56+0.005"
AL/SH 0.79+0.006" 0.79+0.008" 0.80+0.006" OH/AL 0.35+0.003* 0.36+0.004* 0.37+0.004°
AW/SH 0.43+0.007° 0.43+0.006° 0.44+0.004" OW/AW 1.03+0.011° 1.02+0.018* 1.02+0.010*
OW/SH 0.45+0.005° 0.43+0.038° 0.44+0.003* OH/AW 0.63+0.007° 0.67+0.012" 0.68+0.008°
OH/SH 0.28+0.003* 0.29+0.005% 0.29+0.003¢ OH/OW 0.62+0.006° 0.67+0.022¢ 0.67+0.009°
AL/BWH 0.91£0.005* 0.92+0.007* 0.92+0.005* BW/SH 0.59+0.031* 0.77+0.039° 0.94:£0.040¢
AW/BWH 0.50+0.007* 0.50+0.006" 0.50+0.004" BW/BWH 0.68+0.036" 0.89+0.044° 1.08+0.046°
OW/BWH 0.52+0.005* 0.50+0.007* 0.51+0.003* BW/AL 0.71+0.038" 0.96+0.049° 1.16+0.048¢
OH/BWH 0.32+0.003* 0.34+0.006" 0.34+0.003¢ BW/AW 1.35+0.067° 1.79+0.088° 2.14£0.087¢
AW/AL 0.54+0.008" 0.54+0.006° 0.54+0.003"
B “* Y S 77,0 < 77 (P>0.05);
(P<0.05); (P<0.01)
*5 3MEOHGKIIZEMREREBRXEE
Tab.5 The phenotype correlation coefficients between the traits of three color morphs of R. venosa
SH BWH AL AW ow OH BW
B SH 1.000 0.997 0.990 0.926 0.971 0.967 0.940
BWH 1.000 0.995 0.933 0.979 0.976 0.946
AL 1.000 0.934 0.979 0.971 0.948
AW 1.000 0.889 0.887 0.937
ow 1.000 0.962 0.933
OH 1.000 0.916
BW 1.000
I SH 1.000 0.989 0.972 0.924 0.923 0.919 0.917
BWH 1.000 0.982 0.950 0.931 0914 0.926
AL 1.000 0.950 0.970 0.965 0.948
AW 1.000 0.872 0.900 0.930
ow 1.000 0.773 0.869
OH 1.000 0.902
BW 1.000
(¢} SH 1.000 0.994 0.965 0.947 0.950 0.953 0.865
BWH 1.000 0.978 0.959 0.951 0.959 0.885
AL 1.000 0.980 0.955 0.958 0.925
AW 1.000 0.941 0.935 0914
ow 1.000 0.922 0.885
OH 1.000 0.889
BW 1.000
B <* Y S 77,0 < 77
0.916, AL BW , BW , 0.925
0.948; I, ow BW ,
0.869, AL BW , s
0.948; o BWH ow BW “< 7z
, 0.885, AL P,=0.34, P,=-0.123,
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P5=0.377, P,=0.447, Ps=0.153, R BWH
Ps=0.46, R AL AW s

P, (P<0.01), “ 72
(P>0.05), “ 7z AL . SH BWH
L »> AL ’
P,=0.061, P,=—0.525, P;=0.694, P,=0.329, Ps=0.552,
P¢=0.4, (P>0.05), Stepwise SPSS
ce »> , ; , cc ,’(1) cc ”(2)
<« i P,=-0.822, P,=-0.343, cc e :
P5=0.773, P4,=0.218, Ps=0.191, P¢=0.230, Y = -87.508 + 1.703X; + 1.959X, (1)
(P>0.05), °c 7 Y =-93.67 +2.975X; (2)
s Y =-125.014 + 5.119X5-1.28X; 3)
, Y (), Xi (mm), X, (mm),
(X)) (Y) (ri) X4 (mm)
( Pi) , (P<0.01),
(2 riiPy) , hp =Pt
> riPjs 6 6 ,  “f 0.919 0.898 0.866,
7z , SH AL AW ANOVA R
R (P<0.01),
AW; < 7z s AL , “< il
%6 3 S O E MBKLTIR LA MR R R B8ROSO b 3
Tab.6 The effects of traits on body weight of three color morphs of R. venosa
SH AL AW ow OH
B SH 0.940 0.340 — -0.122 0.373 0.414 0.149 -0.124 0.689
BWH 0.946 -0.123 0.339 0.375 0.417 0.150 -0.125 1.155
AL 0.948 0.377 0.336 -0.122 — 0.417 0.150 -0.125 0.657
AW 0.937 0.447 0.315 -0.114 0.352 — 0.136 -0.114 0.575
ow 0.933 0.153 0.330 -0.120 0.369 0.397 — -0.124 0.853
OH 0.916 -0.128 0.329 -0.120 0.366 0.396 0.147 — 1.119
1 SH 0.917 0.061 — -0.519 0.675 0.304 0.134 0.267 0.861
BWH 0.926 -0.525 0.060 0.681 0.313 0.135 0.265 1.455
AL 0.948 0.694 0.059 -0.516 — 0.313 0.141 0.280 0.278
AW 0.930 0.329 0.056 -0.499 0.659 — 0.127 0.261 0.605
ow 0.869 0.145 0.056 —-0.489 0.673 0.287 — 0.224 0.752
OH 0.902 0.290 0.056 -0.480 0.670 0.296 0.112 — 0.654
(¢} SH 0.865 -0.822 — 0.746 0.206 0.181 0.220 1.694
BWH 0.885 0.343 -0.817 0.756 0.209 0.182 0.221 0.550
AL 0.925 0.773 -0.793 — 0.213 0.182 0.221 0.159
AW 0914 0.218 -0.778 0.757 — 0.180 0.215 0.703
ow 0.885 0.191 -0.781 0.738 0.205 — 0.212 0.701
OH 0.889 0.230 —-0.783 0.740 0.204 0.176 — 0.666
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“ 7 R R 11 R 2.17%;
> 3 ;AT C G
, ¢ 7z ; 333% 31.5% 154% 19.8%, A+T
cc >3 J<e 23 64.8%, AT
11 s 2,
2.1.3 , o I
16S rDNA
’ 3 cc T >3 T(A):
5 77 0.03—
R 0.04 R (0.03—0.04)
“ 7o 77 R (0.071—0.074),
s “ 77 R “ 77 3
“ 7z “ 77 mtCO 642bp 642bp
, 25 , 3.89%, 12
;A T C G 25.0%
39.0% 16.4% 19.6%, A+T 64%,
AT 18 R
B 6
R 4 (0] I
| CO
7(B):
0 0.03—0.06 ,
(0.04—0.05) ,
30 35 40 45 50 55 60 65 70 75 (0.180—0.181),
Linkage Distance 2.2.2 mtl6S rRNA  CO
3 3 mtl16S
Fig.3 Tree diagram for three color morphs of R. venosa TRNA Cco > (R. bezona)
(City-block distances) mt16S rRNA CO
2.2 (NJ ) , 4 52
2.2.1 DNA >
mt16S rRNA 506bp 506 > >
®7 EF3I#MFOMEHAKILE mtl6S rRNA 1 CO [ £ FE kB 1Y 25 B 56 %
Tab.7 Distance matrix of mt16S rRNA (A) and CO  (B) gene fragment of the three color morphs of R. venosa
B I (0) R. bezona
(A) 168 rRNA B 0.003
I 0.004 0.004
(6] 0.004 0.003 0.004
R. bezona 0.071 0.073 0.074 —
(B) CO B 0.006
I 0.005 0.003
(6] 0.005 0.004 0.004
R. bezona 0.180 0.180 0.181 —
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with mt16S rRNA gene sequence of three color morphs of R. venosa with CO  gene sequence of three color morphs of R. venosa
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VARIANCE ANALYSIS OF THREE COLOR MORPHS OF RAPANA VENOSA BASED ON
MORPHOLOGICAL TRAITS AND mt16S rRNAAND CO  PARTIAL SEQUENCES

BAN Shao-Jun"?, XUE Dong-Xiu"?, ZHANG Tao', PAN Yang"? ~WANG Hai-Yan'

(1. Institute of Oceanology, Chinese Academy of Sciences, Qingdao, 266071; 2. Graduate School,
Chinese Academy of Sciences, Beijing, 100049)

Abstract In Rapana venosa, there are three color morphs of aperture: black and white stiped, orange, and intermediate
type. In the present study, these three color morphs of R. venosa was compared based on morphological traits and partial
sequences of the mitochondrial DNA 16S rRNA and cytochrome oxidase I gene. The results of morphological analysis
showed that morphological traits were all significantly different in three color morphs. Correlation coefficient between
each phenotypic traits and whole mass were all significantly different. Aperture length and aperture width had effects on
whole mass for “black and white stiped”, while for “intermediate type” and “orange” there were no key factor that affecting
whole mass. Using Stepwise method establish Multiple linear regression equation. Tree diagram constructed with morpho-
logical traits of the three color morphs demonstrated that “intermediate type” and “orange” were more closely related to
each other than they are to “Black and white striped”. Results of phylogenetic analysis based on partial mtDNA 16S rRNA

and CO  gene fragments indicated that there was no genetic divergence among the three color morphs.

Key words Rapana venosa, Morphological traits, Correlation analysis, Regression analysis, mt16S rRNA, CO



