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邢    德，  李    琪*，  张景晓
(Ҭ Ῑ ̆ қ ȀȀ266003)

Е为了探讨壳白长牡蛎人工选育对群体遗传变异的影响，实验利用4个多重PCR组
合共10个微卫星标记分析了连续3代壳白长牡蛎人工选育群体和野生群体及基础群体的
遗传多样性。结果发现，6个群体的平均等位基因数量为7.2~12.6，等位基因丰度为
6.8~11.0，期望和观测杂合度分别为0.672~0.769和0.486~0.542；与野生群体相比，3代选
育群体的平均等位基因数显著降低，但平均期望杂合度并无显著差异。哈迪—温伯格平
衡检验结果显示，在60个群体—位点组合中有39个群体—位点组合显著偏离哈迪—温伯
格平衡，近交系数Fis范围为0.215~0.342。群体间遗传分化指数Fst范围为0.005~0.076，处
于中—低等的遗传分化水平。研究表明，虽然连续选育对群体的遗传多样性和遗传分化
造成了一定程度的影响，但人工选育群体依然表现为较高的遗传多样性，仍可以一定的
选择压力对选育群体进行人工选育。

ῗ : 长牡蛎；壳白；微卫星；多重PCR；遗传多样性
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ρ Ωᴊ ֨Һ ȊὈ ᶕ

Ᵽ ὖ· ̛̽Ђ ·

ᵶ ρ Һ ρ Ωὖ ם

ᴂᴊ֘ ̛ Ȋ ׃ Ѵ ὖ

ȉѯ ΩȉἎẔ ҺⱫַא Σ

͔ӽ Ωὖ Һ 

Ȋ ׃ ὖ PCR (multiplex PCR) ắ˴̑

ᴅּךρ ̔ᴮ ὖ̑ PCR

Ѵ Σ Ᵽַא ךּ

̓ ͔ӽ ΩҺ ᵶ͛  ⁞[13-17]Ȋ

 ӌ ׃ ὖ PCR Һ Ὀ

ᶕ 3· ρ Ωὖ ᵶ Ω

͞♦ ρ Ωᴊ ắ̛

ᶕ ϧἎ Ȋ

1    ҍ

1.1    

ᶕЅ 1Ȋ2̑
ρ ─̻̉─ᵶ (Ấ1) ͞♦

Ἆ ρ̛2010רᴈ ─̻̉─ ѷ ρȊ

ắ 4·Ὀ ֘₄ Ἆ ˺

ΉὈר2016—2014 ̛ ̽ 3·
ρ ȊҺӍͭ3·Ὀ ῥ

ρ̑ρ ̓–80 °CЂȊ ꞉ /
Θ ᴈ Ὀ ἎẔ DNA Ѵρ ψ״

Li [18] ȊϜ NanoDrop 2000 DNA
שּ 50 ng/μL DNA
–20 °CЂὍ Ȋ

1.2    PCRⅎ

Liu [19] ᴆ 4̑ὖ PCR ᴫѯ10̑
׃ μ Һ Ȋὖ PCRᴅּך ᴫȉ

Ӄᵶוּ PCR Ἰ Δ 2ȊPCR ᴅּך

ρ ̛10 μL 50 ng DNA 10×PCR Buffer
(ᵄMg2+)1 μL 0.2 mmol/L dNTP ᴫ 10 μmol/L
ў 0.15 μL 10 μmol/L 3₮˺ ᴩ

0.06 μL 10 μmol/L 3₮˻ ᴩ0.15 μL Taq
(5 U/μL) 0.05 μLȊὖ PCR ᴅּך וּ 94 °C

3 min 94 °Cᴊ 30 s שּ 60 s 72 °C
ζ75 s 35̑ 94 °Cᴊ 30 s 53 °C

60 s 72 °C ζ75 s 8̑ 72 °C ζ10 min
12 °CЂȊPCR Ἰ͔ ABI3130ѩ ӽ Ω

Һ Ό ΔGeneMarker
2.2.0 Һ ׃ ἎẔỡȊ

1.3    ⅎ

GenAlEx 6.502[20] ̑μ μἎẔ

 1    Ғ ᵩ ɻ ɻ ᵩ

Tab. 1    Details of sample locations, types, time and number of C. gigas

ᵣ

population sampling site sample time
ᵣ

population type sample number (n)

G0 қӲ (36.5°N̆121.3°E) 2010-06 ᵣ 50

G1 қӲ (36.5°N̆121.3°E) 2015-08 ף1 ᵣ 50

G2 қӲ (36.5°N̆121.3°E) 2016-03 ף2 ᵣ 50

G3 қӲ (36.5°N̆121.3°E) 2016-11 ף3 ᵣ 50

RW қӲ (36.8°N̆121.7°E) 2016-03 ᵣ 50

PW қ (37.7°N̆120.0°E) 2016-02 ᵣ 50

PW

RW山东半岛
Shangdong  Peninsula
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 1    ᵩ ᵩ

PW. ᵣ̕RW. Ӳ ᵣ

Fig. 1    Locations of wild populations and base stock
samples collected

PW. wild Penglai population; RW. wild Rushan population
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(Na) ᴫּש(He) ᴫּש(Ho) ᶚ

— α ם (HWE)ᵶ ρ Ω

(Dc)ȊϜ ΔFSTAT V2.9.3.2[21] μἎẔ̕

(Ar)שּ₠ ͑ (Fis)ᵶ̍ ρ ΩҺ֘

(Fs t)Ȋӌ ״ Һ (Mann-Whitney U
test)[22] ρ Ếם μἎẔ ȉ μἎẔ̕

Ếםᵶשּ₠ ᴫּש Ⱡ Ȋ Ѱ

Ấ MEGA 6[23] Δ UPGMA Ȋ

2    

2.1    ᵩ ᴶ

4 ўὖ PCR10̑ ׃ μ ắ2̑
ρȉ3·Ὀ ρᴂѳἎ ρ

Ωὖ Һ 3Ȋ10̑μ ắ6̑
ῥẾ Ӑ Ωὖ ̑μ

μἎẔ ̛3~20 6̑ ρ Ếם μἎ

Ẕ ̛7.2~12.6 Ếם μἎẔּ̕11.0~6.8̛ש
ᴫּםשẾЧ ẞ̛0.486~0.542 ᴫ

שּ ẞ̛0.672~0.769ȊMann-Whitney U
˾ ρ 3· ρ Ếם μ

ἎẔ ᵶ μἎẔ̕₠ּש ν(P<0.05)
̂ ̄· Ἰӹᵕ˻ ԇ Ếם

ᴫּתש Ⱡ (P>0.05)Ȋ ͑ Fis ם

ẾЧ ẞ̛0.215~0.342 6̑ ρắ10̑μ ˺

50̑ ρ—μ ᴫ ᴫּש(Ho)℅̓
ᴫּש(He) ͑ ̛ ЧȊ Bonferroni

ᴰ ᶚ — α ם ắ60̑
ρ—μ ᴫ̔ 39̑ ρ—μ ᴫ Ю

ᶚ — α ם (P<0.05/10)Ȋ

2.2    ᵩ ᴶⅎ

6 ρ FstЧắ Ⱡ (P<0.01)
ѳ̔ G1ȉG2ȉἎ ρᵶ ρ FstЧ

 2    PCR

Tab. 2    Multiplexes of microsatellite markers for C. gigas

group
ᵝ

locus
↓(5′~ 3′)

primer sequence (5′– 3′)

/°C
annealing

temperature

֟ /bp
size

panel 1 ucdCg-117 F-TGTAAAACGACGGCCAGTCCAAGCTTGCACTCACTCAA 6-FAM 58 290

R-GAGTGTTCTGGTGTGCCAAAT

ucdCg-120 F-TGTAAAACGACGGCCAGTGGGTGAGATTTAGGGGGAGA 6-FAM 58 152

R-CTCCATCAAACCTGCCAAAC

ucdCg-198 F-TGTAAAACGACGGCCAGTGAAAGACACGACCGGAGAGA 6-FAM 58 230

R-CTGATGATGTCCCACACCTG

panel 2 ucdCg-146 F-TGTAAAACGACGGCCAGTCGCTCTGGTCTTTGTTCCAT VIC 58 218

R-ACCCCAACAGATCACAATCC

Crgi3 F-TGTAAAACGACGGCCAGTTAGGATGAGGCTGGCACCTTGGA VIC 58 161~173

R-GCCTGCCTTGCCTTTGAGGAATA

uscCgi-210 F-TGTAAAACGACGGCCAGTTTCACAATGAAGATGACAGTGC VIC 58 316

R-CCTCCTCTGCCTCCATATCA

panel 3 ucdCg-170 F-TGTAAAACGACGGCCAGTTGGTGGTCAGTGAATGTGAGA NED 58 276

R-CGGACAGTAGCCTTTTAACACA

ucdCg-199 F-TGTAAAACGACGGCCAGTGGGAAGAGTTGAATTCTGCAA NED 58 270

R-AAACCGAGGCTCAGGAAAAT

panel 6 ucdCg-200 F-TGTAAAACGACGGCCAGTAAAGTTGCTTTGCTGTCGTC PET 54 254

R-CGCTAACGTGCTTCATTCAA

otgfa0_408293 F-TGTAAAACGACGGCCAGTACCCTGGTTTGATCTGAGAAATG PET 54 118~122

R-TCTAAGGAGTGTTGAGTGTTAGTAG

1840 ד 41    ’    ͔    
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ẞ̛0.005~0.045 ΩҺ֘ Ὄ̓שּ ν

ם G 3˾ѳͺ ρ F s tЧ ẞ̛

0.046~0.076 Һ֘שּ̛̔ )ם 4)Ȋ ρ

Nei Ю Ω DcЧ Ὗ℅ ẞ̛0.007~
0.236 Ή ρG1ᵶ ρG2 Ω

Dc ℅ ρG3˾̻─ ρRW Ω

Dc Ὗ ( 4)ȊἎ̓DcЧ UPGMA ֘

Ἆ ρ˾̻─ ρ ̛˴ ᴰ ҁ

˾ ρ ̛˴ G1˾G2 ̛˴

G3 ̛˴ (Ấ2)Ȋ

 3    ᵩ қש ᴶ ⅎ (n=50)

Tab. 3    Genetic diversity of successive mass-selection strains, and wild and base populations of C. gigas

ᵝ

locus

ᵣȀpopulation

G0 G1 G2 G3 RW PW

ucdCg-120 Na 8.0 4.0 4.0 5.0 9.0 9.0

Ho 0.673 0.600 0.694 0.844 0.660 0.571

He 0.614 0.573 0.602 0.700 0.695 0.706

Ar 6.0 4.0 4.0 4.6 7.4 7.9

Fis –0.087 –0.036 –0.142 –0.195 0.061 0.201

P 1.000 0.154 0.078 0.373 0.843 0.000*

ucdCg-198 Na 14.0 11.0 9.0 9.0 18.0 18.0

Ho 0.521 0.429 0.548 0.571 0.520 0.375

He 0.823 0.809 0.838 0.812 0.911 0.880

Ar 11.2 9.0 8.5 8.3 15.7 15.7

Fis 0.376 0.478 0.357 0.307 0.437 0.581

P 0.000* 0.000* 0.001* 0.050 0.000* 0.000*

ucdCg-117 Na 17.0 12.0 10.0 9.0 18.0 16.0

Ho 0.296 0.512 0.639 0.677 0.500 0.459

He 0.912 0.830 0.813 0.805 0.917 0.919

Ar 17.0 10.4 9.6 8.9 16.0 15.5

Fis 0.685 0.394 0.227 0.175 0.464 0.51

P 0.000* 0.000* 0.000* 0.009* 0.000* 0.000*

Crgi3 Na 7.0 5.0 3.0 3.0 7.0 6.0

Ho 0.220 0.260 0.122 0.217 0.380 0.420

He 0.389 0.346 0.360 0.232 0.479 0.404

Ar 5.2 4.4 3.0 2.8 5.9 5.1

Fis 0.442 0.258 0.665 0.072 0.217 –0.03

P 0.002* 0.000* 0.000* 0.000* 0.112 0.872

ucdCg-146 Na 17.0 13.0 11.0 11.0 20.0 20.0

Ho 0.447 0.939 0.913 0.690 0.660 0.617

He 0.903 0.862 0.871 0.877 0.922 0.918

Ar 15.1 11.2 10.0 10.4 16.8 17.8

Fis 0.513 –0.079 –0.038 0.224 0.294 0.337

P 0.000* 0.261 0.015 0.000* 0.024 0.000*

12     ӌ ׃ ўὖ PCR Һ Ὀ 3·͞♦ ρ Ωὖ 1841
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¥ 3¥

ᵝ

locus

ᵣȀpopulation

G0 G1 G2 G3 RW PW

uscCgi-210 Na 7.0 4.0 5.0 4.0 9.0 6.0

Ho 0.604 0.313 0.295 0.361 0.521 0.587

He 0.666 0.561 0.550 0.721 0.668 0.680

Ar 6.0 4.6 4.5 4.0 7.4 5.8

Fis 0.103 0.541 0.472 0.524 0.231 0.148

P 0.000* 0.005 0.000* 0.000* 0.895 0.125

ucdCg-170 Na 18.0 9.0 10.0 11.0 14.0 15.0

Ho 0.583 0.440 0.408 0.429 0.440 0.408

He 0.914 0.824 0.848 0.761 0.906 0.900

Ar 15.4 8.0 9.5 9.5 13.5 13.1

Fis 0.371 0.474 0.526 0.445 0.522 0.553

P 0.000* 0.000* 0.000* 0.000* 0.000* 0.000*

ucdCg-199 Na 7.0 8.0 8.0 7.0 8.0 7.0

Ho 0.143 0.132 0.306 0.138 0.205 0.220

He 0.390 0.521 0.590 0.337 0.323 0.592

Ar 6.5 7.2 7.3 6.9 6.5 6.4

Fis 0.641 0.753 0.493 0.601 0.377 0.636

P 0.000* 0.000* 0.000* 0.000* 0.000* 0.000*

otgfa0_40829
3

Na 9.0 6.0 6.0 7.0 10.0 11.0

Ho 0.800 0.755 0.714 0.680 0.780 0.780

He 0.820 0.614 0.653 0.654 0.785 0.828

Ar 8.8 5.3 5.5 6.3 9.2 9.8

Fis 0.035 –0.22 –0.083 –0.03 0.016 0.068

P 0.797 0.900 0.418 0.000* 0.015 0.098

ucdCg-200 Na 10.0 6.0 8.0 6.0 13.0 12.0

Ho 0.574 0.596 0.653 0.809 0.592 0.646

He 0.861 0.814 0.812 0.823 0.870 0.865

Ar 9.2 7.1 8.1 6.0 11.8 10.5

Fis 0.342 0.285 0.211 0.028 0.329 0.263

P 0.000* 0.014 0.000* 0.466 0.000* 0.000*

mean Na 11.4±4.6ab 7.8±3.3a 7.4±2.8a 7.2±2.8a 12.6±4.7b 12.0±5.1b

Ho 0.486±0.209 0.497±0.239 0.529±0.241 0.542±0.244 0.526±0.162 0.508±0.162

He 0.729±0.206a 0.676±0.176a 0.694±0.169a 0.672±0.216a 0.748±0.208a 0.769±0.171a

Ar 10.0±4.4ab 7.1±2.5ab 7.0±2.6ab 6.8±2.5a 11.0±4.3b 10.8±4.6b

Fis 0.342±0.255 0.285±0.309 0.269±0.282 0.215±0.256 0.295±0.167 0.327±0.234

: — ᴿ Ẓ : * P<0.05/10̕ Ҍ (P>0.05)̆Ҍ (P<0.05)
Notes: significance of Hardy-Weinberg departure: * P <0.05/10; in the same row, values with the same letter superscipts mean no significant difference
(P>0.05), while with different small letter superscripts mean significant difference (P<0.05)
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3    

ρ Ωὖ ͞♦ ♦ψ

Ѱ Ȋắ ἎẔ ᴫ֘

̔ ᴚ Υ₱ ˾ ךּ ѰἎẔμ

ὖ ν ρ ךּ ˻ ᵶ

Ή ᵶ ͞♦ ρ

Ωὖ ֨Һ Ȋ

3·͞♦ ρ̥ Ếם μἎẔ ȉם

Ế μἎẔּ̕שΉᴂ ᴫּש ᴊ֘

˾Ἆ ρᵶ ρ 3·͞♦ ρ

Ếם μἎẔ ᵶ μἎẔּ̕שҺӍ˻ ̽

31.6%~42.9%ᵶ29.0%~38.2% λ ρ ᴫ

תשּ νȊ Ὀ ֘ ₄

̔ắ μἎẔ ὦ ᴚ

˾₄ ͛ ℓ

ךּ Ѱ [24]ȊAllendorf [25] ̛ ᴰךּ ͑

₱ μἎẔ ̌ὦᵶμ ὖ ᴊ

ᴫּשᴊ֘ ө Ȋ ắΉӠ

ѷ ρ Ωὖ ̴̔ [26-28]Ȋ

ᶚ — α ם 65%
ρ—μ ᴫұ ᴫ  ὦ₱ ЮҺ

(P<0.05) ᴚ ˾ ׃ μ ắ

μἎẔ ѰȊLi [29] 51.9%(41/79)
׃ μ ắ μἎẔȊ ὔ

͑ ȉ ͞♦ Ήᴂὖ̑ ρ

ᴫ ᴚ ᶚ — α ם ᴆ Ю [18]Ȋ

6̑ ρםẾFisὟ℅ ẞ̛0.215~0.342 Ч

ϡ̛83.3% ρѽᴚ ắ˴⁞ ͑ᵶ

͑ ȊẔ ắͪᴰ͞♦

̔ ךּ ͛ ρ Ӎ ϡ Ế Ἰӹ

͛ ↕ Ѡ͛ ͑ ᴫ

  ὦȊ

ΩҺ֘ FstЧ ᴅ ρ ΩҺ֘

שּ ״ Ȋ בּ [27]₮ 3 ·͞♦
ρᵶ ρ ׃ Һ ρ

FstЧ ẞ̛0.008~0.025 ≡̓ Ω

Һ֘ Ȋשּ ’ [30]₮ (Pinctada
martensii) Ὀ ᵶἎ ρ Ω

̔ ӐFstЧ̛0.0031~0.1478Ȋ ᴆ ͞♦

ρG1ȉG2˾ ρᵶἎ ρ

ΩҺ֘ Ὄ̓שּ ם G3˾ѳͺ ρ

ұ שּ̔̽ ΩҺ֘ ̂ת Ω

֘ G3ִ ̛˴

͞♦ Ϝ ρұ ̽˴⁞ שּ ΩҺ֘Ȋ

3· ρ Ὀ

ρ Ωὖ ˾ ρᵶἎ ρ

˴⁞ שּ ˻ λϨ Ὄ̓

 4    ᵩ ᴶⅎ Fst( Ґ ) Nei ᴶ Dc( ҏ )

Tab. 4    Pairwise Fst (under diagonal) and Nei unbiased genetic distances (above diagonal) of six C. gigas populations

G0 G1 G2 G3 RW PW

G0 0.092 0.109 0.186 0.026 0.033

G1 0.035 0.007 0.166 0.113 0.128

G2 0.036 0.005 0.165 0.140 0.145

G3 0.063 0.046 0.061 0.236 0.215

RW 0.005 0.040 0.045 0.076 0.039

PW 0.007 0.043 0.045 0.068 0.008

: ᵣ Fst

��



ם ͞♦ ρ˾ ρᵶἎ ρ

ΩҺ֘ שὌ̓νּ̔שּ Ȋם ·͞♦

₮ ρ ΩҺ֘ᵶ Ω ͔ ̽˴⁞

ᶝ λ Ὀ ρͬ Ѵ Ὗ

ӵ ắ₮ Ὀ ρ ˴

ͬᴚΉЂ ˴⁞ ӵל

Ὀ ᶕ Σ Ὀ ᵶ Ȋ
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Analysis of genetic diversity in
mass selection lines of white-shell Pacific oyster (Crassostrea gigas)

using microsatellite fluorescent multiplex PCR technique

XING De ,     LI Qi *,     ZHANG Jingxiao
(Key Laboratory of Mariculture, Ministry of Education, Ocean University of China, Qingdao    266003, China)

Abstract: To investigate the genetic variances in our successive selection strains for fast growth and white shell
color of the Pacific oyster (Crassostrea gigas) during mass selection process, genetic diversity of three successive
mass selection strains from G1 to G3, one based stock and two wild populations was analysed using multiplex
assays with ten microsatellite markers. The study showed that the average allele number (Na) ranged from 7.2 to
12.6 and the mean allelic richness (Ar) ranged from 6.8 to 11.0, the expected heterozygosity (He) and observed
heterozygosity (Ho) ranged from 0.672 to 0.769 and 0.486 to 0.542, respectively. Compared to wild populations,
the three successive mass selection strains showed significantly lower in the mean number of alleles and the mean
allelic  richness ,  but  there was no significant  difference in the average expected heterozygosity among the
populations.  There  were  39 cases  deviating significantly  from Hardy-Weinberg equilibrium among the  60
population-locus cases (6 populations × 10 loci), and the inbreeding coefficient (Fis) ranged from 0.215 to 0.342.
Fst values ranged from 0.005 to 0.076, showing low-moderate level genetic differentiation among the populations.
The results suggest that the genetic variation has not been significantly affected by continuous mass selection and
high genetic variability remains existing in the three successive selection strains, indicating that there is still
potential for increased gains in future selective breeding programs.
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