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Tab.1 The primer sequences used for AFLP amplification
EcoR | Mse |
EO1 GACTGCGTACCAATTC A Mo01 GATGAGTCCTGAGTAAC
E32 GACTGCGTACCAATTC AAC M48 GATGAGTCCTGAGTAA CAC
E33 GACTGCGTACCAATTC AAG M51 GATGAGTCCTGAGTAA CCA
M61 GATGAGTCCTGAGTAA CTG
2
2.2 AFLP
2.1
5 PCR 258
2 ’ , 100—1500bp,
o0 ’ 227 86.97% 1 E33M51
52.99mm 32.85mm 53.32mm
55.46g, | 60 AFLP
, 16.20% 15.57% 15.78%, 2:3
, 51.06%, 2:3.1
£ MEIR B R E S G (0=60) > 18
Tah.2 Tfpzheno‘:tlypic statis;mis,;fZa;h misured trait (n=60) ! 6.46%—18.32% !
(mm) (mm) (mm) © E32M51-8 18.32%  E33M51-38
5299 3285 53.32 55.46 15.68%, E32M51-49 6.46%
27.13 14.68 28.19 7.03 E32M48-10 6.86% E33M48-26 6.76% ,
37.13 22.87 37.59 19.22 E32M51-8 E33M51-38
6.02 3.56 5.93 9.81 E32M51-49 E32M48-10 E33M48-26

Ccv 16.20 15.57 15.78 51.06
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2.3.3
5 , 22

, 6.54%—15.91% ,

10.064%, E32M51-17
15.91%  E33M48-1 13.89%,
E33M51-51  6.54% E32M48-16 6.82% E33M48-
26 6.85% , E32M51-17  E33M48-1

, E33M51-51 E32M48-165

E33M48-26
2.34
6 , 8
1 E33M51 60 AFLP , 6.65%—17.83% ,
Fig.1 AFLP bands of 60 individuals in C. sinensis by primer 9.078%, E33M48-10
pair E33M51
, 17.83% , E33M48-10
2.3.2
4 , 23 2.4
, 6.75%—20.93% , E32M48 E32M51 E32M61 E33M48 E33M51
E32M51-8 20.93%  E33M48-19 5
17.34%, E32M51-42 6.75% ( 7) ,
E33M51-45  6.84% , E32M51-8  E33M48-19 E32M48 E32M48-44 3
, E32M51-42 E33M51- , E32M48-9 E32M48-43
45 2 ,
*3 BEWEKEZFHEXHSFRIEERERBKE
Tab.3 Molecular markers significantly related to shell length and their contribution rates in C. sinensis
SS SSt F P (%)
E32M48-9 32 39.01 28 34.98 247.933 1990.801 8.25** 0.0057 12.45
E32M48-10 24 38.94 36 35.92 136.618 4.27* 0.0432 6.86
E32M48-44 52 36.51 8 41.16 155.490 4.91* 0.0306 7.81
E32M51-8 40 38.86 20 33.67 364.722 13.01** 0.0006 18.32
E32M51-14 13 34.13 47 37.96 154.936 4.89* 0.0309 7.78
E32M51-47 52 36.38 8 42.01 224.949 7.39 ** 0.0086 11.30
E32M51-49 38 36.04 22 39.01 128.704 4.01* 0.0499 6.46
E32M61-4 53 36.52 7 41.75 174.614 5.568* 0.0216 8.77
E32M61-14 5 30.67 55 37.72 233.201 7.70%* 0.0074 11.71
E32M61-31 34 38.55 26 35.27 163.784 5.20* 0.0263 8.23
E32M61-45 44 38.15 16 34.33 177.240 5.67* 0.0206 8.90
E33M48-14 21 39.88 39 35.65 249.901 8.33** 0.0055 12.55
E33M48-16 48 36.22 12 40.77 204.318 6.63* 0.0126 10.26
E33M48-22 16 40.15 44 36.03 204.565 6.64* 0.0125 10.28
E33M48-26 9 40.62 51 36.51 134.540 4.20* 0.0449 6.76
E33M48-28 22 35.01 38 38.36 161.695 5.13* 0.0273 8.12
E33M48-40 36 38.57 24 34.97 192.198 6.20* 0.0157 9.65
E33M51-38 42 38.61 18 33.68 312.230 10.79** 0.0017 15.68

D* (P<0.05), ** (P<0.01)
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Tab.4 Molecular markers significantly related to shell width and their contribution rates in C. sinensis
SS, SSt F P (%)
E32M48-9 33 22.05 27 23.87 55.193 696.97 4.99* 0.0294 7.92
E32M48-43 41 22.16 19 24.40 71.152 6.59* 0.0128 10.21
E32M48-44 53 22.41 7 26.35 102.011 9.94** 0.0026 14.64
E32M51-8 42 21.87 18 25.20 145.884 15.35** 0.0002 20.93
E32M51-13 24 24.43 36 21.83 103.228 10.08** 0.0024 14.81
E32M51-42 25 23.85 35 22.17 47.044 4.20* 0.0450 6.75
E32M51-47 52 22.46 8 25.54 71.443 6.62* 0.0126 10.25
E32M61-31 39 23.66 21 21.40 75.427 7.04* 0.0103 10.82
E32M61-37 19 24.41 41 22.16 71.826 6.66* 0.0124 10.31
E32M61-42 9 24.89 51 22,51 49.088 4.39* 0.0404 7.04
E32M61-45 45 22.2 15 24.88 86.686 8.24** 0.0057 12.44
E32M61-48 50 22.47 10 24.87 53.884 4.86* 0.0315 7.73
E33M48-16 48 23.52 12 20.27 107.284 10.55** 0.0019 15.39
E33M48-19 28 24.35 32 21.58 120.880 12.17** 0.0009 17.34
E33M48-26 8 25.7 52 22.43 79.812 7.50%* 0.0082 11.45
E33M48-27 43 22.25 17 24.44 64.222 5.89* 0.0184 9.21
E33M48-28 21 24.24 39 22.13 66.522 6.12* 0.0163 9.54
E33M48-30 42 22.17 18 24.50 74.484 6.94* 0.0108 10.69
E33M48-44 26 24.13 34 21.91 78.727 7.39%* 0.0087 11.30
E33M48-46 30 24.11 30 21.63 98.140 9.51** 0.0031 14.08
E33M48-48 35 23.76 25 21.62 72.420 6.73* 0.0120 10.39
E33M51-17 34 22.08 26 23.90 54.852 4.95* 0.0299 7.87
E33M51-45 40 22.28 20 24.05 47.656 4.26* 0.0436 6.84
; E32M51 E32M51- ,
47 E32M51-49 3 , (Ribaut et al, 1998)
; E32M61 )
, 3 (D) DNA
E32M61-37 E32M61-45; E33M48 , ; (2
, E33M48-26 3 , ;7 (3)
E33M48-28 ,
E33M48-44 E33MA48-46; E33M51 (Dudley, 1993; Lee, 1995)

3.1

2008; , 2001)
3.2

, Soller  (1976)
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Tab.5 Molecular markers significantly related to shell height and their contribution rates in C. sinensis

SS SS; F P (%)
E32M48-16 24 35.65 36 38.88 132.020  1936.016 4.24* 0.0439 6.82
E32M48-18 49 36.77 11 41.24 161.190 5.27* 0.0254 8.33
E32M48-43 41 36.49 19 39.96 138.139 4.46* 0.0391 7.14
E32M48-44 52 38.27 8 33.17 161.812 5.29% 0.0251 8.36
E32M51-8 38 38.88 22 35.36 153.937 5.01* 0.0291 7.95
E32M51-17 34 35.55 26 40.26 308.002 10.97** 0.0016 15.91
E32M51-38 16 34.68 44 38.65 166.235 5.45% 0.0231 8.59
E32M51-42 27 35.75 33 39.10 147.678 4.79* 0.0327 7.63
E32M51-47 54 36.97 6 43.17 189.052 6.28* 0.0151 9.77
E32M51-49 39 35.98 21 40.58 270.310 9.41%* 0.0033 13.96
E32M61-31 38 36.06 22 40.23 224.078 7.59%* 0.0078 11.57
E32M61-37 20 34.96 40 38.91 188.983 6.27* 0.0151 9.76
E32M61-45 44 36.41 16 40.84 211.222 7.10%* 0.0100 10.91
E33M48-1 41 36.1 19 40.81 268.921 9.36%* 0.0034 13.89
E33M48-2 12 33.27 48 38.67 261.412 9.05%* 0.0039 13.50
E33M48-26 10 34.04 50 38.30 132.706 4.27* 0.0433 6.85
E33M48-44 27 358 33 39.05 138.768 4.48* 0.0386 7.17
E33M48-46 30 35.72 30 39.46 191.290 6.36* 0.0144 9.88
E33M51-27 40 36.07 20 40.63 258.724 8.95%* 0.0041 13.36
E33M51-28 26 35.41 34 39.26 199.527 6.66* 0.0124 10.31
E33M51-40 25 35.06 35 39.40 255.800 8.83%* 0.0043 13.21
E33M51-51 12 40.7 48 36.81 126.558 4.06* 0.0486 6.54

*6 BFHRERERZHEXS FHRICRETHKE

Tab.6 Molecular markers significantly related to body weight and their contribution rates in C. sinensis

SS, SSt F P (%)
E32M48-14 40 17.41 20 22.84 400.546 5295.708 4.75* 0.0334 7.56
E32M51-49 36 17.22 24 22.22 367.414 4.32% 0.0420 6.94
E32M51-51 24 16.28 36 21.18 353.158 4.14* 0.0464 6.67
E33M48-10 51 20.88 9 9.81 944.318 12.59%* 0.0008 17.83
E33M48-11 1 14.16 49 20.36 352.279 4.13* 0.0466 6.65
E33M48-15 38 17.23 22 22.66 417.824 4.97* 0.0297 7.89
E33M48-54 45 20.85 15 14.33 485.656 5.86* 0.0187 9.17
E33M51-49 22 15.36 38 21.45 524.979 6.38* 0.0143 9.91

, QTL(quantitative trait locus, ) (Soller et al, 1976) (Lander et al, 1989)
, QTL , (Zeng, 1993) (Kao et
, QTL al, 1999) Bayesian (Xu, 2003)
, QTL (Zhang et al, 2005) ,

, , QTL ,
, QTL ,
, QTL :
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Tab.7 Comparisons of consistency for significant markers from each primer pair in different traits
E32M48 E32M51
E32M48-9 E32M48-9 E32M48-16 E32M48-14 E32M51-8 E32M51-8 E32M51-8 E32M51-49
E32M48-10 E32M48-43 E32M48-18 E32M51-14 E32M51-13 E32M51-17 E32M51-51
E32M48-44 E32M48-44 E32M48-43 E32M51-47 E32M51-42 E32M51-38
E32M48-44 E32M51-49 E32M51-47 E32M51-42
E32M51-47
E32M51-49
E32M61 E33M48
E32M61-4 E32M61-31 E32M61-31 E33M48-14 E33M48-16 E33M48-1 E33M48-10
E32M61-14 E32M61-37 E32M61-37 E33M48-16 E33M48-19 E33M48-2 E33M48-11
E32M61-31 E32M61-42 E32M61-45 E33M48-22 E33M48-26 E33M48-26 E33M48-15
E32M61-45 E32M61-45 E33M48-26 E33M48-27 E33M48-44 E33M48-54
E32M61-48 E33M48-28 E33M48-28 E33M48-46
E33M48-40 E33M48-30
E33M48-44
E33M48-46
E33M48-48
E33M51
E33M51-38 E33M51-17 E33M51-27 E33M51-49
E33M51-45 E33M51-28
E33M51-40
E33M51-51
3.3 18
) 23 22 8 ,
20.93%, 6.75%,
( , 2010) QTLs
; QTLs,
, 2010. AFLP , 5
10—14
AFLP ! , , , 2010. (Tegillarca granosa)
4 : , 41(6): 907—913



112 43
, , , 2000. Lee M, 1995. DNA makers in plant Breeding programs. Adv
, 17(4): 350—354 Agron, 55: 265—344
, , , 2008. cDNA-AFLP Ribaut J M, Hoisington D, 1998. Maker-assisted selection: new
, 27(11): tools and strategies. Trends in Plant Sci, 3: 236—239
561—565 Soller M, Brody T, Genizi A, 1976. On the power of experimental
, , , 2010. (Vibrio anguillarum) design for the detection of linkage between marker loci and
(Cyclina sinensis) quantitative trait loci in crosses between inbred lines. Theor
, 41(2): 254—258 Appl Genet, 47: 35—39
, , 2001. Vandeputte M, Dupont-Nivet M, Haffray P et al, 2009. Response
, 19(5): 14—16 to domestication and selection for growth in the European
, , , 20009. (Cyclina sinensis) sea bass (Dicentrarchus labrax) in separate and mixed tanks.
, 40(2): 166— Aquaculture, 286(1—2): 20—27
169 Vos P, Hogers R, Bleeker M et al, 1995. AFLP: a new technique
, , , 2008. for DNA fingerprinting. Nucleic Acids Research, 23(21):
, 22(5): 355—258 4490—4414
Sambrook J, Fritsch E F, Maniatis T, 2002. , 2002. Xu S, 2003. Estimating polygenic effects using markers of the

( 3 X )- : ,

463—471

Dudley J W, 1993. Molecular markers in plant improvement:
manipulation of genes affecting quantitative traits. Crop Sci,
33: 660—668

Kao C H, Zeng Z B, Teasdale R D, 1999. Multiple interval map-
ping for quantitative trait loci. Genetics, 152: 1203—1216

Lander E S, Botstein D, 1989. Mapping Mendelian factors un-
derlying quantitative traits using RFLP linkage maps. Ge-
netics, 121: 185—199

entire genome. Genetics, 163: 789—801

You W W, Ke C H, Luo X et al, 2010. Heritability of growth
traits for small abalone estimated from sib matings. Journal
of Shellfish Research, 29(3): 705—708

Zeng Z B, 1993. Theoretical basis for separation of multiple
linked gene effects in mapping of quantitative trait loci. Proc
Natl Acad Sci USA, 90: 10972—10976

Zhang Y M, Xu S, 2005. A penalized maximum likelihood
method for estimating epistatic effects of QTL. Heredity,
95(1): 96—104

AFLP ANALYSIS OF MOLECULAR MARKERS RELATED TO GROWTH TRAITS IN
CYCLINA SINENSIS

SUN Chang-Sen*, WANG Teng-Da?>, DONG Ying-Hui?>, YAO Han-Han?, LIN Zhi-Hua?

(1. School of Life Science, Taizhou University, Linhai, 317000; 2. College of Biological and Environmental Sciences,
Zhejiang Wanli University, Ningbo, 315100)

Abstract In this paper, 60 mixed breeding offsprings from two natural populations of Cyclina sinensis were used to
screen molecular markers related to shell length, shell width, shell height and body weight under the method of AFLP and
one-factor analysis of variance. The results showed: of detected 18 gene loci related to shell length, the contribution rates
were between 6.46% and 18.32%, and the contribution rates of E32M51-8, E33M51-38 were higher, respectively 18.32%
and 15.68%. The contribution rates of detected 23 gene loci associated with shell width were between 6.75% and 20.93%,
and those of E32M51-8, E33M48-19 were higher, respectively 20.93% and 17.34%. For shell height, 22 associated gene
loci were detected, their contribution rates were between 6.54% and 15.91%, and the E32M51-17 locus had the highest
contribution rate. Eight gene loci related to body weight were analyzed, the highest contribution rate (locus E33M48-10)
was 17.83%, and lowest value was 6.65%.

Key words Cyclina sinensis, Growth traits,

AFLP marker, Contribution rate



