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BER (3845 A8 S 02 T o B . o8 PR A5 5
ROEHITZRET, T HRIFLRE T PR
L E AR BT, o0 07 BF R 35t 1% 2 FEPEKOF
KA IEW N EEN . M UERICHEAREEL
St LR EBg . KEASG)ZE R
M, JRIKTE B AR Z R R R AR o AR
it, T A Z HEPCR (multiplex PCR)Z 48 17—
AR Z A AT 24 B R B PCREEA
HA P E, S WA%ERS, B ZH
FoK 7 By st A e A AR - S T

ARSI F i TR Z FHPCREIA, 447 5%
A5 i R 3R B R R 9 35 4% 22 A st L
gity, WA TRRERFIRNSRELS, BER
B ) 7 SR AL IR R

1 AR5k

1.1 #HAXEE

SR AE R AT WA S E B L1, 2B AR
R IR FLILRGE ST (E ), ATEEN
FERH AR 20 TO4E B A 1L AR FL il 9 5% 4 1A
AT E S AR A R Rk T WA L,
2014—20164F LL7c i Nk & 8 AR dEAT T % 22318
MIRFRIET o 4350 N3R5 13k 3 A4 v BE ML R
AR, B T80 °CHR-FE . R B /5
PR B 2 LA S N 41 DNA, AR ES
FRLIZE"R )79 o fdi I NanoDrop 200046 1 DN A
BE TR R 4l K i R AL S0 ng/uL A Bt DNA,
=20 °CIRAF# .

x1 KHIFFAREARRERE. o, BERLBMERYK

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

FEAR RAEHN 5 RAE ] R RIEFEAREY
population sampling site sample time population type sample number ()
G, I F11(36.5°N, 121.3°E) 2010-06 FERHREA 50
G, I ZE L1 (36.5°N, 121.3°E) 2015-08 EAkaw i uSiA 50
G, WAL I(36.5°N, 121.3°E) 2016-03 Eviieidusiat) 50
G; I ZE L1 (36.5°N, 121.3°E) 2016-11 B Xl iS4 50
RW I FL11(36.8°N, 121.7°E) 2016-03 B A= T A 50
PW I ZRE3(37.7°N, 120.0°E) 2016-02 LHREER TN 50

o ¥
39°00" Z

38°0'0"

37°0°0"

7R 8

Shangdong Peninsula

36°0'0"

S

Yellow Sea

35°0'0"

119°0'0” 120°0'0” 121°0'0” 122°0'0" 123°00” E

1 FERARERFAINED S REE
PW. JESEHT AR BEAR: RW. FL ol B A A
Fig. 1 Locations of wild populations and base stock
samples collected

PW. wild Penglai population; RW. wild Rushan population

1.2 WIEEZEPCRTH

K HLiwdE" T % 144 2 EHPCRAL A 4104
TR ST . ZEPCRI M A A . Tl
Y F 5 Al PCRY 3 45 7F W32, PCRIY I
K Z N10 uL: 50 ng DNAFAH, 10xPCR Buffer
(FMg*H1 pL, 0.2 mmol/L dNTPIR &, 10 pmol/L
FET1470.15 pL, 10 pmol/LY 3% #5141 %%
0.06 uL, 10 pumol/LIY3%F FIiE71#1450.15 uL, Taq
fit} (5 U/uL) 0.05 pL, ZFEPCRAY L 2T : 94 °C
3min; 94 °CAEPE30s, BKHRAEIR K60s, 72°C
FEMIT5 s, 35MEIR; 94 °CZEE30s, 53 °Cil &
60s, 72°CHEMT75s, 8AMEH; 72 °CHE{H 10 min,
12 °CI# 47 . PCRY M4 /=¥ H ABI31304: H it f&
ITAGHAT B AN KRR, %K F GeneMarker
2.2.0 S AfT R T AL D AR

1.3 Zitath
J GenAIEx 6.502 54 4 AN 07 i 45 v Fik
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Tab.2 Multiplexes of microsatellite markers for C. gigas

s i SIS 3) RIGHIEFC ooy g
group locus primer sequence (5'— 3") temperatuére 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

BN, WG EH,), W EEH,), W
i — Y5 AT A% S £7 (HW B ) F1RE 1A 8] 19 35 1% 15 25
(Do)o A FSTAT v2.9.3. 20585 v 3 [H =F
W (A,), I AE F B (F ) PR 4 8] 119 382 1% 734k
BEU(Fo) o M HAEZ %05 Hr(Mann-Whitney U
test) G 0 P A ] OF- 35 S A S PR B S R R
HEMTVHMBEAGENER B EE, BHEX
ZE FHMEGA 6™ /- I UPGMAE F 2 .

2 4

21 EBREEEEN

445t 22 FPCRI10 o TL A 7 i A2 B A
VR 30T I W05 10 77 3 1A e LTl A 14
AR ZREE AT A R A3, 10 AL A6 14
W R A e 2 G N B s ) AT A, A
SRS S BCR 3~20, 6 FEUR 14 - 249 2 o7
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KA R T7.2~12.6, V550 B 0 6.8~11.0,
NI 2% A5 B - 475 L 0.486~0.542, HHERAR A
5 0.672~0.769, Mann-Whitney UK 5 3
B, SEPAREARMEL, 30k F R A E A
DR BS R A A R Y O I 3 R AR (P<0.05),
HRfi % F AW 2 TrREEE, Fils
R4 BEIFTC B 38 25 R (P>0.05), 38 BB
PIE M 8 0.215~0.342, 6 BEARAE 1047 45 1
B SO FER—A . 41 A LI 2% 5 BE (H)/ T30
HIWETE(H,), T8 RECHIEM . 4 Bonferronifs
1EJ& G il —IR AR AR P R 3 25 R R, 7E60
HER L 5 A A 39 BEIR—A7 15 4 A 8 2
B I —R P RS P17 (P<0.05/10).

22 BRFEESK

OFF A 1] (1) F o fELAF 76 B B 35 2% 5+ (P<0.01),
Ho, Gy Gy FEBRE AR EF A B AR (] 19 F o
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T8 [ 2470.005~0.045 , 35t 4% 4310 i A B Ak T AR Y
KAV, SR Gy5 At BE R 0] 1 P B 38 R
0.046~0.076, FKIL A BE 4L KV (34). BEIRIE]
Nei & J6 fi 38t 7% 5 25 D E 19 K/ Bl 2 0.007~
0.236, DI HEHIAG, ML T HEK G, 5 0 &

D Jre/IN, B BERG, S5 ZL 0 B A B AR RW st % BE
B D K (F£4), KT DA UPGMABE L i
N, SRR S FLIL AR RN — X5, W
HEFRWARERRN —X, GHGEN XL,
Gyt 37— (E12),

R 3 KHIRE S B AFIELIEE R AR E S HE 2T (0=50)

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

A population

fr s
locus Gy G, G, Gs RW PW

ucdCg-120 N, 8.0 4.0 4.0 5.0 9.0 9.0
H, 0.673 0.600 0.694 0.844 0.660 0.571
H, 0.614 0.573 0.602 0.700 0.695 0.706
Ay 6.0 4.0 4.0 4.6 7.4 7.9
Fi —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 N, 14.0 11.0 9.0 9.0 18.0 18.0
H, 0.521 0.429 0.548 0.571 0.520 0.375
H, 0.823 0.809 0.838 0.812 0.911 0.880
A, 11.2 9.0 8.5 8.3 15.7 15.7
Fi 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 N, 17.0 12.0 10.0 9.0 18.0 16.0
H, 0.296 0.512 0.639 0.677 0.500 0.459
H, 0.912 0.830 0.813 0.805 0.917 0.919
Ay 17.0 10.4 9.6 8.9 16.0 15.5
Fig 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 N, 7.0 5.0 3.0 3.0 7.0 6.0
H, 0.220 0.260 0.122 0.217 0.380 0.420
H, 0.389 0.346 0.360 0.232 0.479 0.404
A, 5.2 44 3.0 2.8 5.9 5.1
Fi 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 N, 17.0 13.0 11.0 11.0 20.0 20.0
H, 0.447 0.939 0.913 0.690 0.660 0.617
H, 0.903 0.862 0.871 0.877 0.922 0.918
Ay 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*

http://www.scxuebao.cn
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HR3
R BA  population
locus Gy G, G, Gs RW PW

uscCgi-210 N, 7.0 4.0 5.0 4.0 9.0 6.0

H, 0.604 0.313 0.295 0.361 0.521 0.587

H, 0.666 0.561 0.550 0.721 0.668 0.680

A, 6.0 4.6 45 4.0 7.4 5.8

Fi 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 N, 18.0 9.0 10.0 11.0 14.0 15.0

H, 0.583 0.440 0.408 0.429 0.440 0.408

H, 0.914 0.824 0.848 0.761 0.906 0.900

A, 15.4 8.0 9.5 9.5 13.5 13.1

Fi 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 N, 7.0 8.0 8.0 7.0 8.0 7.0

H, 0.143 0.132 0.306 0.138 0.205 0.220

H, 0.390 0.521 0.590 0.337 0.323 0.592

A, 6.5 72 7.3 6.9 6.5 6.4

Fi 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*
;)tgfa0740829 N, 9.0 6.0 6.0 7.0 10.0 11.0

H, 0.800 0.755 0.714 0.680 0.780 0.780

H, 0.820 0.614 0.653 0.654 0.785 0.828

A, 8.8 5.3 5.5 6.3 9.2 9.8

Fi 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 N, 10.0 6.0 8.0 6.0 13.0 12.0

H, 0.574 0.596 0.653 0.809 0.592 0.646

H, 0.861 0.814 0.812 0.823 0.870 0.865

A, 9.2 7.1 8.1 6.0 11.8 10.5

Fi 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 N, 11.4+4.6" 7.8+3.3" 7.4+2 8" 7.242.8 12.6+4.7° 12.0+5.1°

H, 0.486+0.209 0.497+0.239 0.529+0.241 0.542+0.244 0.526+0.162 0.508+0.162

H, 0.729+0.206" 0.676+0.176" 0.694+0.169° 0.672+0.216° 0.748+0.208" 0.769+0.171°

A, 10.0+4.4® 7.14£2.5® 7.0£2.6" 6.842.5° 11.0+4.3° 10.8+4.6°

Fi 0.342+0.255 0.285+0.309 0.269+0.282 0.215+0.256 0.295+0.167 0.327+0.234

VE: Ml —IR AR T AT (R 25 7K * P<0.05/10;  [RIATHE B brAR [F) = 8 R 22 R AN . (P>0.05), AR RER S 2 7 1835 (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)

http://www.scxuebao.cn
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Tab.4 Pairwise F; (under diagonal) and Nei unbiased genetic distances (above diagonal) of six C. gigas populations

Gy G, G, Gs RW PW
Gy 0.092 0.109 0.186 0.026 0.033
G, 0.035 0.007 0.166 0.113 0.128
G, 0.036 0.005 0.165 0.140 0.145
G; 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

VE: FEXT AR F] F B35 22 57 42 3 (P<0.01)

Notes: pairwise differentiation is all significant (P<0.01)

1w
RW
L pw
— Gl
G2
G3

0.08 0.06 0.04 0.02 0

2 ETFNeilk L {RiZfE B A UPGMAHE L%
PW. SR A FEMR: RW. FLIL BF AR BE AR GO. AR Gl &
W E R G2, H2fUE H AR G3: 3L A HEE

Fig.2 A UPGMA dendrogram of six C. gigas
populations based on Nei unbiased genetic distance

PW.wild Penglai population; RW.wild Rushan population; GO. base
stock; G1. the first-generation population; G2. the second-generation

population; G3. the third-generation population
3 Wik

AERe R IR Z R R N TR B A A AR
FS R M, 7E B AR AR I N 4l A A iy i
B R, Al RE S T B 1 NP OGRS
ZREME I BEAR, R 17 5 B AE N T R A2
TEHEIR I AR, BT DA R A R N Tk A
MG ZREE R0 ER . AR R R
N, RN TR B RARZ A LR 4, P
PR S B DL R A B B A B B AR Ak, T
55 LRI AR AR R L, 3ARN TRE R
S YAy S A S R BROR S A S R R N R R T
31.6%~42.9%7F129.0%~38.2%, {HikHFRAR 2
JEI AT B BB AR . X REAFE A aifb i K R ik
Bt PR A S R A B S, A RE
5 R R B 5 AR B0 T 51 R R SR
A 2P, Allendorf=5 A A L SUK 1 I 1430 58

T B A AL R R R R s 2 R T 1 AR
B G AR R Z ., IR AE LR K
G SR BE AR AR 35 AL 2 R ATE ST TR A i P

WA 3 — IR AFTAR S BT AG I 45 S B, 65%I0 B
TR —A7 s A B 2% A 7 B 2 B0 R o B
(P<0.05), X nJAE -5 TR A w3 3k 7716 1 JC AL
GO EEAA G LisEPHE 51.9%(41/79) 1y 4 Wi
T TR AL AEAE TR E AR oAb, AER L
ZHE . AR Tk £ DL K A 1l ST AR TR
B SR T BE 1 B Atk — I A AR T A A A D 1
6 HEIARE- B Fi K/ I8 0.215~0.342, IEME L
15124 83.3%, i WIHE K P9 AT BEAF7E — 2 1 3 58 AN
FEREVLACEL I IS . L AE A e N Tk B ad &
L NI TR R AS BE AR MO L Y B, B
ARBOEARRCE, R GO A R A A
Tk,

1A% o3 Al BOF o 8 2 o B AR () 33t % 434k
BENELESH, FREF K3 AT
TE T RE U BT AR AR R AT I TR b, e ]
) F o {E I TE Bl 4 0.008~0.025, & T #5855 1 il 18 A%
AR o TR PR ) [ BR B DL (Pinctada
martensii)4: ¥ 5t {0 Z2 FIFERETE AR 15 1% 25 4 L 3 iF
SE IR B F 8 40.0031~0.1478 . ABFFE RN T
TEBREARG, . Gy 5 B AR T A R 35 fth A% 4% 1) 179 35t
1 o AR B b T3 559 B9 K, G5 oAt B 4k [
LT B Ak, I ELAR B a5 A% s A
M HEERT B, Gt R — 3, X R ELL
N T B SRR A B T —E R st 7k

ARG RY, S 3RBHAEF 15T K4t
W A A 1 35 2 22 R 1k 55 T 2R R R R R AR A AR
Fofi — @ BB R BE, (AR AR T 5 & i oK
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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

XINGDe, LIQi’, 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 G; to Gs, one based stock and two wild populations was analysed using multiplex
assays with ten microsatellite markers. The study showed that the average allele number (#,) ranged from 7.2 to
12.6 and the mean allelic richness (4,) ranged from 6.8 to 11.0, the expected heterozygosity (H.) and observed
heterozygosity (H,) 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 x 10 loci), and the inbreeding coefficient (F) ranged from 0.215 to 0.342.
F 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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