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细胞松弛素B和低盐诱导长牡蛎“海大3号”四倍体的效果比较

周建民1    姜高伟1    徐成勋1    李永国1    李    琪1, 2

(1. Ҭ , Ῑ ,  266003; 2. ҍ , ҙ ҍ

֟₮ ⱳ ,  266237)

摘要: ҹ B(CB) ᵞ └ ѿ ᵣ “ 3 ” Ṑᵣ ᶃ ᴆ, ԅCB
(0.2ȁ0.4ȁ0.6 0.8 mg/L)ȁᵞ (6ȁ8ȁ10 12) (10ȁ15ȁ20 25min) ȁ ȁ

Ṑᵣ , № ԅ ’Ȃ , CB ҹ0.6 mg/L, 
ҹ15min , Ṑᵣ ҹ(65.69±2.47)%, ; ҹ8, ҹ15min , Ṑᵣ

ҹ(38.77±2.69)%, ȂCB ᵞ ╠ ԍ , ԍ , CB
ԍᵞ (P<0.05), CB ᵞ №≢ҹ(14.2±1.08) (10.49±0.60) μm/d,

ԍ (15.43±1.08) μm/d; 2ҩ ᵞԍ , ᵞ ╠ ԍCB ,
ᵞԍCB Ȃ , CB Ṑᵣ ȁ ȁ12d
, ԍ “ 3 ” ṐᵣȂ
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(Crsssostrea gigas) , ΐ
ȁ ȁ Ῑү

, ҕ Ȃ ,
№ ԍ , 

Ῑ ֟ҙ Һ Ȃ2020 Ῑ ֟

ҹ132.33×107 kg, Ῑ ҹ8.04҆Ὲ [1]
Ȃ

, ᴰ ᵬ ⌠ ,
Ҍ Ȃ “ 3 ” ץ

ᵣҬ ҹ ҩᵣҹ ᵣ, ץ
ҹ Έף ҍ ᵣ
[2]
Ȃҍ , “ 3 ”

ΐ ҹ ȁ ᾝ

, Ῑ Ȃ

ԋṐᵣ Ῑ ( №

) ԍ
[3], Ҋ , ֟

ӊ ᵣ Ҧ ҉ץ60% Ҍ ҉ Ȃ ҈

Ṑᵣ ԍ Ҍ , ׅ Ḡ
[4], ῃ ҉ Ȃ

, ҈ṐᵣҌ Ḡ
[5]
ԋṐᵣ

֟ ᵬ Ȃ ╠, ҈Ṑᵣ
ᴨ Ῑ ҙ , Ῑ Ȃ

ҙ ֟Ҭ҈Ṑᵣ Ṑᵣ ҍԋ

Ṑᵣ ֜
[6]
Ȃҍ , ҉

֜ ֟ץ 100%҈Ṑᵣ[7]
Ȃ , 

Ṑᵣ ԍ҈Ṑᵣ ֟ ῏
[8]
ȂGuo [9]

҈Ṑᵣ ҍԋṐᵣ ֜ └ ѿ

ᵣ , ₮ Ṑᵣ Ȃ

╠, Ṑᵣ Ҭ └⁞ №

ȁ ȁ B(CB) 6-ԋ
(6-DMAP) [9—12]

ȂῒҬ

CB ѿ № , └ ꜚ Ҝ
[13]

Ҭ ᵣ ₮, ᵖҌ └

ᵣ ꜚ, ֟ Ṑᵣ
[14]; ᵞ ѿ

ῤ ף Ӱ, Ҝ ,
Ṑᵣ

[15]
ȂҌ Ҍ ,

ѿ Ҍ ᵣ Ӟ
[9, 16]
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, Ῑ Ṑᵣ ֲ

ᴆ ᴨ Ȃ

ץ “ 3 ”҈Ṑᵣ ԋṐᵣҹ

, ԅCB ᵞ “ 3 ” Ṑ

ᵣ ᶃ ᴆ, ѿ № ԅң

ҍ , ҹ “ 3 ”
Ṑᵣ ᶫ Ȃ 

1    材料与方法
 

1.1    实验动物

2021 5 1 “ 3 ”ԋṐᵣ ҈Ṑ

ᵣ֪ қ Ӳ , ῒҬ “
3 ”҈Ṑᵣ ᵣҹ2020 6 “ 3 ”
ԋṐᵣ CB └ ԋ ᵣ Ȃ֪

ֲ Ỳ , ╠ ֪ ᶏ

ת Ṑ (  1A 1B)Ȃ 

1.2    实验设计

“ 3 ”҈Ṑᵣ ҍ

“ 3 ”ԋṐᵣ ֜ , ᶏ B
ᵞ └ ѿ ᵣ ṐᵣȂCB

ᶃ Ȃ

ᶃCB Ҭ ,  ҹ

5×107 egg/L, № 4ҩ , , 
⌠ ₮ ₮ ѿ ᵣ ,  4ҩ

CB  (0.2ȁ0.4ȁ0.6 0.8 mg/L)№≢
15min, , ᶏ 1 mL/Lԋ ֒

(DMSO) CB; ᶃ

Ҭ, CB ҹ0.6 mg/L №≢ 10ȁ
15ȁ20 25minȂᵞ 4ҩ  (6ȁ
8ȁ10 12), ⌠ ₮ ₮ ѿ

ᵣ №≢ 15min; ᶃᵞ

Ҭ, ҹ8 №≢ 10ȁ15ȁ20
25minȂ ҹ(24±1)Ņ ҹ29±1 ᴆ

Ҋ , ҩ 3 Ȃ 

1.3    幼虫培育

24h , ᶏ 300 ᴨ, 
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Fig. 1    Relative DNA content and ploidy level of parents and each experimental group by the flow cytometry
A. ԋṐᵣ֪ ; B. ҈Ṑᵣ֪ ; C. CB ; D. ᵞ

A. Diploid oyster; B. Triploid oyster; C. CB group; D. Low salinity group
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70 L Ә Ҭ ѿ , └
ҹ1×104 ind./LȂ ╠ 3

(Isochrysis galbans), ⱴ

(Platymonas subcordigoramis), ҹ ᵣ

҈№ӊѿ, Ḡ (24 ± 1)ŅȂ 

1.4    数据测量及统计分析

4hȁ2dȁ4dȁ6dȁ8dȁ10d 12d
, ᶏ ᾣ Ȃ

ҹ 4h ҍ № , 
ҹD ҍ № , ҹ ᵝᵣ

ῤ ҍ ᴨ ∆ № , 
Ṑᵣ ҍ ӗ

[17]
Ȃ

ᶏ №ת Ṑ Ȃ D
⌠1.5 mL Ҭ ,  1.5 mL

3—6 └ ,  500
75% Ȃᶏ 1 mL DAPI (2 μg/mL)

75% ת , ,
ץ ҉ת ₮ ṿᵬҹ

2n ᵝ Ȃ

ṿ± ‰ ,  
SPSS 25.0 ᴆ

№ (ANOVA) (Duncan) № , 
ҹP<0.05Ȃ 

2    结果
 

2.1    不同CB浓度和盐度对长牡蛎“海大3号”四倍

体率的影响

CB Ҭ, CB ⱴ, “
3 ” ȁ ⁞ , Ṑᵣ

ᾢ ⁞ Ȃ CB ҹ0.6 mg/L
, Ṑᵣ ҹ(69.02±2.94)% (  1C), 

(0.351) , ғҍ0.4 0.8 mg/L
ңҩ ҉ (P<0.05;  2A)Ȃ
ץ CB “ 3 ” Ṑᵣ ᶃ

ҹ0.6 mg/LȂ
ᵞ Ҭ, , “

3 ” ȁ , Ṑᵣ
ᾢ ⁞ Ȃ ҹ8 , Ṑ

ᵣ ҹ(39.10±2.03)% (  1D), (0.227)
, ҍ ҹ6 Ṑᵣ

(P>0.05), ᵖ (P<0.05;
 2B), ҍ ҹ10 ңҩ ҉

(P<0.05)Ȃ ץ ᵞ

“ 3 ” Ṑᵣ ᶃ ҹ8Ȃ 

2.2    不同处理时间对长牡蛎“海大3号”四倍体率的

影响

CB Ҭ, , 
“ 3 ” ȁ ⁞ , Ṑᵣ

ᾢ ⁞ Ȃ ҹ

15min , ῒ Ṑᵣ ҹ(65.69±2.47)%, 
(0.363) , ҍ ҹ10min
Ṑᵣ (P<0.05), 

(P>0.05) ,  ҍ ҹ

20min ңҩ ҉

(P<0.05;  3A)Ȃ ץ CB “
3 ” Ṑᵣ ᶃ ҹ15minȂ

ᵞ Ҭ, , ῒ
ȁ ⁞ , Ṑᵣ
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Fig. 2    Effects of different CB concentrations and salinities on tetraploid induction of the Pacific oyster “Haida No. 3”
A. CB ; B. ᵞ ; CG. ; ѿ ΐ Ҍ (P>0.05), ΐ Ҍ

(P<0.05), Ҋ
A. CB group; B. Low salinity group; CG. control group. The same indicator with the same letter means that the difference between groups is
not significant (P>0.05), and with different letters means that there is a significant difference between groups (P<0.05). The same applies
below
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ᾢ ⁞ Ȃ ҹ15min , 
Ṑᵣ ҹ(38.77±2.69)%, (0.233) ,
ғҍ ҹ10min Ṑᵣ

(P<0.05), 
(P>0.05), ҍ ҹ20min

Ṑᵣ (P>0.05), 
(P<0.05;  3B)Ȃ ץ ᵞ

“ 3 ” Ṑᵣ ᶃ ҹ

15minȂ 

2.3    不同诱导方法对长牡蛎“海大3号”幼虫生长和

存活的影响

, CB ᵞ ╠

ԍ , ԍ , CB
ԍᵞ (P<0.05)Ȃ 12 , CB

ҹ(170.39±12.99) μm, ᵞ ҹ

(125.86±7.2) μm, ҹ(185.20±12.9) μmȂ2
CBҍᵞ ԍ

(P<0.05); 4 CB ԍᵞ

(P<0.05), ᵞ ԍ

ᵖ (P>0.05); 6
ԍCB ᵞ , ҍCB
(P>0.05), ҍᵞ (P<0.05),
CB ԍᵞ (P<0.05); 8
10 ҹ >CB >ᵞ ,

(P<0.05); 12 CB
ԍᵞ (P<0.05), 

ԍCB ᵖ (P>0.05;  4)Ȃ
, 2ҩ ᵞԍ

, ᵞ ╠ ԍCB , 
ᵞԍCB Ȃ 12 , CB

ҹ(12.35±5.02)%, ᵞ ҹ(3.74±1.62)%,
ҹ(29.00±6.48)%Ȃ2 ҹ

>ᵞ >CB , (P<
0.05); 4—6 ᵞ ԅ ֙, 6

ᵞԍCB , ᵖ (P>0.05),
ᵞ CB ᵞԍ (P<0.05);
8—12 , ҹ >CB >ᵞ

, (P<0.05;  5)Ȃ 

2.4    两种四倍体诱导方法应用效果的综合比较

ң ֟ “ 3 ”
Ṑᵣ , ᵞ ΐ

, ῒ ᵬֲ ᵬ ,
ᵞ, ᵬ , ΐ “

3 ” Ṑᵣ ⱬȂᵖCB Ṑᵣ ȁ

ȁ12d ₮

ԅ , ֓ᴨ ᶏCB ᵞ ⱴ ԍ

“ 3 ” Ṑᵣ(  1)Ȃ 

3    讨论
 

3.1    两种诱导方法抑制第一极体排放诱导长牡蛎

“海大3号”四倍体的影响因子

1981 Stanley [18] CB ⱳ

҈Ṑᵣץ , Ṑᵣ ҹ

Ȃ ╠ ԅ Ṑᵣ

, ῒҬCBׅҹѿ ╕
[9, 16, 19]

Ȃ

Ҭ ,  “ 3 ” Ṑᵣ ᶃ

CB ҹ0.6 mg/L, Ṑᵣ

, ΐ Ȃ ,
CB Ẓᵞ ,  Ҍ └ ѿ ᵣ
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Fig. 3    Effects of two induction methods on tetraploid induction of the Pacific oyster “Haida No. 3” at different durations
CG. ; A. CB ; B. ᵞ

CG. control group; A. CB group; B. Low salinity group
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, Ҍ , ֙ ҉ , 
ᵞ, Ṑᵣ Ҋ

[9, 16, 20]
Ȃ

ᶛ , Barreto [21]
ᶏ CB(1 mg/L)

(Argopecten nucleus)҈Ṑᵣ , Ҥ ,
҈Ṑ ֽҹ21%, ғ 9 ῃ ֙Ȃ

Bruce [22]
ᶏ ᵞ CB(0.25 mg/L)

҈Ṑᵣ , ҈Ṑᵣ Ȃ

Ҍ ᴪ

, Ӟ ᶭ ⱴ ⁞

╕ Ȃ

ᵞ ₮ ѿ Ṑᵣ

, ῒ ҍ ף Ӱ, 
Ҝ ῏

[15]
Ȃ Ҭ, 

“ 3 ” Ṑᵣ ᶃ ҹ8, 
Ṑᵣ , 

Ȃ ҹ6 8 ңҩ Ҭ, Ṑᵣ
(P>0.05), ᵖ ҹ6 , 

ᵞ, ԍᵞ № ֟ Ҍ ᴴ

Ȃ
[23]

ҹ8
҈Ṑᵣ , ᵞ Ҋ , 

҉ , ᵖ҈Ṑᵣ ₮Ҋ

Ȃל

╠, └ ѿ ᵣ

Ṑᵣ
[12, 16]
Ȃ ѿ ᵣ └ , ᵣ№

ҹ , ₮ “҈ № ”ȁ“ ԋ

№ ”ȁ“ № ” “ № ” ѿ ↓

ᵣ№ ҹ, ῒҬ֟ ṐᵣҺ

ҹ“ ԋ № ”[24]
ȂҌ ҈Ṑᵣ ӊ ⁞

№ ΐ , ѿ Ṑᵣ ѿ
[25], ‰

Ȃ Ҭ, , ң
⁞ , Ṑᵣ

ᾢ ⁞ , 15min
, ҍӊ╠ ᵌ

[23, 26]
Ȃ , 

ȁ ȁ ȁ ȁ ȁ

ᵣ₮ ᶛ ’
[27, 28], 

Ṑᵣ ץ , ᶃ Ȃ 

3.2    两种诱导方法对长牡蛎“海大3号”生长和存活

的影响

, CB ᵞ ╠

ԍ , ԍ , CB
ԍᵞ (P<0.05)Ȃ ѿ ҍRichard [29]

ᶏ CB 6-DMAP ҈Ṑᵣ ᵌ, ῒ
ԍ ȂYang [30]

ᶏ

CB Ӟ

Ȃ ԍ

ᵞ ԅCB ₮ᵣ , 
CB №

[21]
Ȃ , CB

└ ꜚ Ҝ Ҭ mRNA №

└ῒ , Һ ‗ԍ

(mRNA) Ҭ ᵝ , CB ꜚ

表 1   两种四倍体诱导方法应用效果的综合比较

Tab. 1   A comprehensive comparison of the effects of the
application for two tetraploid induction methods

 Induction method CB ᵞ  Low
salinity

 Toxicity
ᵬ  Operability

 Cleavage rate (%) 40.60~71.69 53.16~80.31
 Hatching rate (%) 33.30~64.51 43.06~71.83

Ṑᵣ  Tetraploid rate (%) 33.23~69.02 27.54~39.10
 The efficiency of

tetraploid induction 0.150~0.363 0.125~0.233

12d  12-day survival rate (%) 12.35±5.02 3.74±1.62
 Growth rate (μm/d) 14.2±1.08 10.49±0.60

╕  Cost (ᾝ/mg) 800
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Fig. 4   Effects of two tetraploid induction methods on the larvae
growth of the Pacific oyster “Haida No. 3”
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Fig. 5   Effects of two tetraploid induction methods on the larvae
survival rate of the Pacific oyster “Haida No. 3”
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Ҝ ꜚ ԅ №

ȁ ᵝ №
[31]
ȂMeng [32]

ᵞ

҈Ṑᵣ ᵞ ҈

Ṑᵣ ₮ “ⱷל”, ҍ ᵞ

ᵌӊ , ᵖ ᵞ

֟ ᴴ׆ └ , 
ѿ Ȃ

, CB ᵞ

ᵞԍ , ᵞ ╠ ԍCB
, 4—6 ᵞ ֙,
ᵞԍCB Ȃ Ҋ҈ץ :

(1) 48hῤ ֟ ԅ Ṑᵣ, 
ѿ ῤ ֙

[27, 33]
Ȃ(2) ╕

ᵬ
[34]
Ȃ(3) Ṑᵣ

ⱬ
[28]

Ӱ ᵣ └
[30, 35]
Ȃ 

3.3    两种诱导方法中最佳诱导长牡蛎“海大3号”四

倍体的方法比较

╠ Ṑᵣ
[10, 11] CB 6-ԋ (6-

DMAP) [9, 12], ԅᵞ

CB “ 3 ” Ṑᵣ , ,
ᵞ , ғ ᵞ , 
ᵬ , ֟, ; CB

Ṑᵣ ȁ ȁ

Ȃ ҈Ṑᵣ ֟Ҭ, ץ Ṑᵣ

ҍԋṐᵣ ֜ҹᶛ ,  Ṑᵣ Ҍ ,  ⌠

CB ₮ ȁ Ṑᵣ ᴨל,
ԍ “ 3 ” ṐᵣȂ
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TETRAPLOID INDUCTION OF THE PACIFIC OYSTER “HAIDA NO. 3” USING
CYTOCHALASIN B AND LOW SALINITY

ZHOU Jian-Min1, JIANG Gao-Wei1, XU Cheng-Xun1, LI Yong-Guo1 and LI Qi1, 2

(1. The Key Laboratory of Mariculture, Ministry of Education, Ocean University of China, Qingdao 266003, China; 2. Laboratory
for Marine Fisheries Science and Food Production Processes, Qingdao National Laboratory for Marine

Science and Technology, Qingdao 266237, China)

Abstract: To investigate the optimal conditions for the tetraploid induction of the Pacific oyster Crassostrea gigas
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“Haida No. 3” by cytochalasin B (CB) and low salinity, the effects of CB concentration (0.2, 0.4, 0.6 and 0.8 mg/L),
low salinity (6, 8, 10 and 12) and induction duration (10, 15, 20 and 25min) on the cleavage rate, hatching rate, tet-
raploid rate and the efficiency of tetraploid induction were estimated by inhibiting the first polar body of fertilized eggs.
At the same time, the growth and survival of the larvae were analyzed. The results showed that the maximum point of
tetraploid rate (65.69±2.47)% and the efficiency of tetraploid induction was found at CB concentration of 0.6 mg/L and
induction duration of 15min. In low-salt induction, the maximum point of tetraploid rate (38.77±2.69)% and the effi-
ciency of tetraploid induction was found at salinity of 8 and induction duration of 15min. The shell height of CB and
low-salt treatment groups were larger at the early stage and smaller at the later stage compared with the control group.
The shell height of the CB treatment group was significantly greater than the low-salt treatment group (P<0.05), and the
mean daily growth of larvae in the CB and the low-salt treatment groups was (14.2±1.08 μm/d) and (10.49±0.60 μm/d),
respectively, which were smaller than the control group (15.43±1.08 μm/d). The survival rate of the two induction treat-
ment groups was consistently lower than the control group, and the survival rate of the low-salt treatment group was
higher at the early stage and lower at the late stage compared with the CB treatment group. In general, the CB induc-
tion method showed better results in terms of tetraploid rate, the efficiency of tetraploid induction, 12-day survival rate
and growth rate, and has better applicability for the tetraploid induction of the Pacific oyster “Haida No.3”.

Key words: Tetraploid rate; Cytochalasin B; Low salinity; The efficiency of tetraploid induction; Crassostrea gigas
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