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Abstract . [Objective ] The effects of inbreeding on growth traits, genetic diversity and biomineraliazation gene expres-
sion were evaluated with an aim to clarify genetics principle of trait degradation in first filial generation caused by inbreed-
ing and provide valuable information for breeding shellfish varieties. [Method]Two yellow colored full-sib families (M and
N) were taken as parents, four family combinations(F,, M19 xM1d3 ; F,, M1Q xN1J'; F;, N19 x M1J'; F,, NI xN1J')
were constructed based on factorial design. Growth traits of the shells at adult stage from the four families were compared.
Genetic diversity of the four families were analyzed by nine pairs of SSR primers. The expression differences among
nacrein, pearlin and pifl77 genes were evaluated by real-time PCR. [Result]There were significant differences on mean
shell length, mean shell height, mean shell width, mean total weight and mean shell weight among the four families(P<0.05).
Mean shell length, mean shell height, mean shell width, mean total weight and mean shell weight of inbreeding families
(F, and F,) were smaller than those of hybrid families (F, and F3), growth trait degradation rate (ID) was 11.7%-29.4%.
The observed heterozygosity values of F,, F,, F; and F, were 0.2525, 0.3116, 0.3178 and 0.2752, while the expected
heterozygosity values of F;, F,, F; and F, were 0.3451, 0.3822, 0.4005 and 0.3549. Average polymorphism information
content(PIC) of Iy, F,, F; and F, were 0.4591, 0.5389, 0.4878 and 0.4810. The expressions of biomineraliazation genes
nacrein, pearlin and pifl177 in hybrid families (F, and F;) were higherer than those in inbreeding families (F, and F,).
There was positive correlation between mean growth traits and relative expressions of the three biomineraliazation genes.
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[ Conclusion ]Inbreeding can lead to decrease in growth traits, genetic diversity and gene expression in P. fuctada marten-
sii. Therefore, rational mating combination system should be established when formulating P. fuctada martensii breeding
plan. In this way, traits degradation and genetics diversity indexes decreasing caused by inbreeding can be prevented, and

breeding process is not to be infected.
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[WF7% 2 )5 R Bk EE DL ( Pinctada fictada martensii)
IR E R EENK AT, R T4
6.0~8.0 mmfYA LR (E RMESE,2011)., 20120504
A RIREE DN T H R RIS, B2 12
WIRE R =l AF 7 B2 R20 tAE AT o AR, TRk 5 IR
WEN B 5 i 2 R i M, H3w
JRPRIFE IR AR IR b S SR I X IR B V5 . T
QBB DL B DL AR DR 5, — B it B rp 2 A
FRIAMARTE U F SR AT T B0 (X5 3055 ,2008),
TN 3 SR BE T 45 A AL 2 T SR FE AR A S B UL AR
/N PR BRI AR 85 SRR AL S . Rt
A SR M A A, T sS B [RGBk
BEDLRysEm , LRI F S5 K . (AT AR
iR PEAE 54458 — EUR L B AU 8 i . 2%
LRNGEATFEG KRN . BEARS AR R T3S L2
G AU A S 285 R S B CE
RIVEBLGFR A IR A8 F P F LR A4
AR 2P e, 5K VS A1 X 17 (2006 ) 38 15 1 3
AR RE 1) = 58 ARAG I KT 15 A S0 A B gl e — > LAY
HIZE ), A2 e AR s R 0 2 TOEARHAR . 5
ZRAE AR , A4 HAT 2R G 0 R AR 9 2E L , 3T
LB ERZRET AR REFHZSC R 5
MEHE AT, s REOL AU E LR %
FEAE FT VAR N B, B oM I8 32 3B L4 (Deng et al.,
2005), FEDIZEH AT SCHRHE I 22 e R0
RARRFNBE 2, G045 S YN 05 ( Crassostrea virginica)
(Mallet and Haley, 1983) . 1 41 Wi ( Crassostrea gigas)
(Beattie et al.,,1987;Evans et al.,2004; 7K5HE4 2014).
RN AR D ( Pecten maximus) (Beaumont and Budd,
1983) . %8 133 11 (Argopecten purpuratus) (Concha et al.,
2011) SRR DL (A. irradians) (7K [EFE5E 2003 ; 3R
4%,2004;Zheng et al.,2008 ) .88 P4 5172 b5 DL (A. irradians
concentricus)(Liu et al.,2011), ¥} 53 ks DI (Patinopecten
yessoensis) (#5855 ,2015) | 4% 20 4 8 ( Haliotis discus
hannai) (Deng et al., 2005; Kobayashi and Kijima,
2010) JEF WA 1T (Ruditapes philippinarum) ( G2 {4
2013), HAT AT 3% D 2 (e oA 5 B R 2 k5 i)
A4 $i 18 AH X %70 (Launey and Hedgecock,2001; + 5,
2011;fH3%,2014; 5K 2R, 2015; 7K, 2015) . [ A< A
FEYVIA G PET AL BT AR LA , 320 S 2]

IEAEHE 8 FREREE DUAE KRR A, (A5 HRR
AL AR R M AT A . (UL ) S B R ) S
GRRIEWBRAE A S A KR, WK
PR 8L 25 A 5 I R AR 3N 2 TR I A ) [ Bk
BEDLRsE, & 76 B A i T — UM RaR T st
DA, Ry D2 A 3R S
1 #R5R®
1.1 RIes

A, [REREE DL 5T R B R A HE 2 [ i A
R IEOR A TR E S X SR R 5 O
PN 2[Rl 28 22 (MPFIN SR BGEAR |, e B DR -1 TR
WITFAA ELFRR(MIQxMIS ) ZAC K ZFA(M1Q x
N13 ) A EKFF(N1Q x M13 )FEAC K ZRF,(N1Q x
N1d ).
1.2 AKMERNESEHF

DU IR 1. SIS ET VRS R URE SO DL, 0l
el Sem SeTE AESCE . WK RBEE30
A, B SE AL, LL75%I0KE [ , T ist i ZAEH 53
BT s RN R BURE 104 DU, BTGS2 L, BT KT
TRE N, ST B E DAL, T AR ek 550 o
1.3 EESEFEEST

FEARDNAFEPCR A TAY TRE( B ) AR
/] Universal Genomic DNA Mini-Isolation Kit, 2
REGR G U TR . BEFHAS TR & 1F9%F SSR
I (RDPEFTPCRY 1S, Ho Sy 1A R I FE T S i
K F I (2015) B 77k, PCREZVARZR15.0 WL, fU45 :
DNA 2.0 wL,10xPCR Buffer(10 mmol/L)1.5 uL,
dNTPs (4 mmol/L)1.0 wL,MgCl,(2.5 mmol/L)1.5 uL,
Taq DNAZ A TiF(2.5 w/mol)1.0 pL,5#71.0 wL,ddH,0
7.0 wLo 4 HAFRIT : 94 CHIAEPES min; 94 °C 42 s, FHNR
KIRETIB K50 5,72 °C 45 s, HFF30MEFR ;72 “CLEff
5 min,
1.4 FUhEEREIENH

) TrizoliZ R BURE il MRNA  H /BT
TE Ao/ Asso, BETRNA P20 7= 5, LA % BN H
156 I Aor M RNAFE il 52 B M . HULO pg ELRNA,
M-MLVRTase ¢cDNA Synthesis Kit(Invitrogen) JZ % 5%
A HcDNA . ARHE LT O G E S PCRS A s
iz i Primer 5.043 &% 1151 %1 # fb 3£ K nacrein  pearlin
FIpifl 770K 20} 5 2 FPCRE |4 (62 ) . LU B-actindE A
NS HEER, RFH SE ¢ E FE PCREZIN 5 8 & (1]
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Table 1 Primer sequence and annealing temperature of microsatellite

{37 14, Locus 5|91J¥ %1 Prime sequence 0 J¥41] Core sequence iR KR (°C) Annealing temperature

2PM-142 F:5-TAATTATCTCTTTCGCGGGC-3' (AT)s 53
R:5-TGTAGGAATTCATGTTGCCA-3'

2PM-162 F:5-AACCATCTAAACTTGCGTCTGA-3' (GT)s 56
R:5-TTGCCAGCAATCTCAGTGTC-3'

2PM-206 R:5-TTTGATTTTGGGTGCAGTGA-3' (AC); 53
F:5-TTTTGGACCCCCACACATAA-3'

3PM-033 F:5-TTTGGACACATTTTGTTGCAG-3' (GTT), 54

R:5-CACCAAACAGAAAAACCAAACA-3'

3PM-049 F:5-CGACAATACAAAGGGCATCC-3' (GAA), 57
R:5-AAGATTCGAAGGCCTGAGTG-3'

4PM-031 F:5-TTATGGCCCAGGTAAGCTTTT-3' (ACAG ), 56
R:5-GCATGCGCTGTAGTTGTGAT-3'

4PM-052 F:5-TAAGGTGATCATCCCTCCCA-3' (ACAG), 57
R:5'-CTCAGCAGGGGAAAACACTC-3'

4PM-176 F:5-CGCAAGGGCAACATATAAGG-3' (TGTC)s 58
R:5-CGGACAGTTGGTGTTGTGTC-3'

4PM-312 F:5-TGTAATTGCAAAACATTCATAAAGA-3' (TTTA); 52

R:5-CCCCTTGCCTTCTCCTAAAA-3'

® 2 EMTSLEEPCRIIMFINER
Table 2 Real-time quantitative PCR primer sequence informa-
tion

H LA Target gene
nacrein

5|95 Primer sequence
F:5-GGGTGATGTCCCTTTAAGATGTG-3'
R:5-GATTTTGTCGTCGTTGGAGTTT-3'

pearlin F:5'-TCCACATCTTAGCCACTCA-3'
R:5-GCTGGATACCCTACGACA-3'
pifl77 F:5'-GACTTCCCTTTCTCACACTTCCA-3'
R:5-TGCTGCCATCACGTGAGTATG-3'
B-actin F:5'-TGGTATGGGACAGAAGGAC-3'

R:5-GACAATGCCGTGCTCAAT-3'

nacrein . pearlinflpif1 775 N RIK 22 57, § 3887
95 CHIZEM:2 min;95 °C 15 5;60 °C 1 min, 740G
o FERE2 AT MR A SR AR X e ik i o
1.5 #uESHh

22 DengF(2005) 77 1 FRERBE DL A= Ko
RIEAZIRA(ID)

ID(% )=( M,—M,)/Mx100

&3 EXRERTRANEREKILE

K, M2 R R MR BIE , Mo S R &R
AR

[R]E, A FPopgene 327 14 450 S PRI AT % | S5 Jit
DB A K S S PR B IR 24 5 18 BB R 2 6 5 AR
P B0 5 A0 S PRUA % 3 1 PIC-CALCH T A4
NGRS EPIC), FIFHMREHEE 2205
IR RAZERMRME RN R RN 2ZES, I
LSDH A2 5
2 HRESH
2.1 HERMERIEBER

HZ3AE L AR RBPTTER P58 OF

rete PR E AT EAAAE B2, ISR

QY ) R B b SO S = B D R G 1 N
FPEEFE B /INF I8 R R (FAIFS ) o Hop, K ARFMF-
BFedk SEsess SEISETE SRR AT e E
%, BB Z T HAM3ANEK R (P<0.05, T, 4MFKFRM
AERAPERIBIEH11.7%~29.4%

Table 3 Comparison of growth traits between inbreeding and hybrid families of P. fictada martensii

KE FH7E K (mm) 7R (mm) P15 TE (mm) PR (g) FHEHE (g)
Family Mean shell length Mean shell height Mean shell width Mean total weight Mean shell weight
F, 45.26+1.79a 47.66+1.93a 15.44+0.87a 12.72+1.37a 6.28+1.19a

F, 49.45+4.33a 50.55+3.47a 15.67+1.45a 14.18+2.43a 7.78+1.22a

F; 47.22+2.36a 48.31+2.51a 15.88+0.97a 13.05+2.29a 7.11+1.09a

F, 36.82+1.46b 40.74+1.39b 12.76+1.14b 8.56+1.10b 5.36+1.05b
BIEH(%) ID 17.7 11.8 11.7 27.9 29.4

[FIZER 5 A NG PR R 225 35 (P<0.05) . 3R6[F]

Different lowercase letters in the same column represented significant difference( P<0.05). The same was applied in Table 6

2.2 BEESHUILRER

MPopgen 3240 B ELHE (324K F , AWE5E L H
M DR AN KR TR ZEM, B1SSR
DL ARG B 2~3AN G IR . K RF,F FAIFM

V35 RS R B 51 1.5938 11,6034 ,1.5022 1
1.5698.

MFES AT, 44 8 Z2 10 1 35 00 0 2% 5 12 43 31 R
0.2525.0.3116.,0.31787F10.2752 , “F- 24 {1 B 2445 1 3 3|
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Table 4 Number of allele, effective number of allele and allele
frequency in inbreeding and hybrid families of P. fuctada marten-
sii

KR 57 15, GO AL SR SRS
Family Locus [FI %k HEFEL Allele frequency
Number  Effective Pl P2 P3
ofallele  number
of allele
F, 2PM-142 1.8000 0.6667 0.3333
2PM-162 1.7241 0.7000  0.3000
2PM-206 1.0689 0.9667 0.0333
3PM-033 2.1028 0.6000 0.3333  0.0667
3PM-049 1.5571 0.7667 0.2333
4PM-031 1.9912 0.6667 0.2000 0.1333
4PM-052 1.3243 0.8571  0.1429
4PM-176 1.5571 0.7667  0.2333
4PM-312 1.2195 0.9000  0.1000

Sty Mean 2.1
F, 2PM-142

11 1.5938
1.8000 0.6667 0.3333

2PM-162 1.8672 0.6333  0.3667
2PM-206 1.2195 0.9000  0.1000
3PM-033 22277 0.6000 0.2667  0.1333
3PM-049 1.4152 0.8214 0.1786
4PM-031 1.8672 0.6333  0.3667
4PM-052 1.5077 0.7857  0.2143
4PM-176 1.6897 0.7143  0.2857
4PM-312 1.2195 0.9000  0.1000

Sty Mean 2.1
F; 2PM-142

—

1.6034
1.6897 0.7143  0.2857

[SCRRUSIN NS (S RNUSIE S I S I \S JNEINE SHL SR (S0 (SR NSRS (O (S0 S IR S A SN E SE S RN S H Sl )

2PM-162 1.8672 0.6333  0.3667
2PM-206 1.8333 0.1667
3PM-033 1.8519 0.7000  0.2000  0.1000
3PM-049 1.3006 0.8667 0.1333
4PM-031 1.9651 0.5667 0.4333
4PM-052 1.7857 0.1786  0.0357
4PM-176 1.3846 0.8333  0.1667
4PM-312 2 1.3006 0.8667 0.1333
F#5 Mean  2.2222 1.5022

F, 2PM-142 2 1.8000 0.6667 0.3333
2PM-162 2 1.5571 0.7667  0.2333
2PM-206 2 0.8333 0.1667
3PM-033 2 1.8000 0.6667  0.3333
3PM-049 2 1.3846 0.8333  0.1667
4PM-031 2 1.8672 0.6333  0.3667
4PM-052 2 1.6575 0.7273  0.2727
4PM-176 2 1.0740 0.9643  0.0357

4PM-312 2 13006  0.8667 0.1333
F-3 Mean  2.0000 1.5698

40.3451.,0.3822,0.4005 F10.3549,
0.4591.0.5389.0.4878%10.4810,,
2.3 TUEREMNREIEHREER

FIHSET e EPCREGINZ R0 4k I Rl nacrein
pearlinflpifl 77/ #5255, 45 TR W, Z4 38 K R P Al
Fstl™ fb 3K nacrein  pearlinfl pifl 77/ AH X} & 3k 1 3 15
TIERZFERFME(FE6). i, I RFH LA
nacrein . pearlinfllpif] 77/ AHNT Fak i B AIK, ¥R ET
FHAMINFRZR

FIHISPSS 17.00H AN KRB A KRS
3 AL DA SRR R A O R B, SRR 44
K Z AR MRS 5 300 AL SE DR B AR X Rk
FEAEWI B IEARDG(3R7) . Horh P85 K SE7e s

SE 34 PIC 43 51 H

x5 EXEHRZHRENERESH
Table 5  Genetic parameters of inbreeding and hybrid families
of P. fuctada martensii

EE i WG BEARGE ZREEE
Family  Locus Observed Expected Polymorphlsm
heterozygosity heterozygosity information content
F, 2PM-142 0.2667 0.4598 0.6365
2PM-162 0.2000 0.4345 0.6109
2PM-206 0.0667 0.0667 0.1461
3PM-033 0.4000 0.5425 0.3970
3PM-049 0.3333 0.3701 0.5433
4PM-031 0.3204 0.4217 0.5196
4PM-052 0.2857 0.2540 0.4101
4PM-176 0.2000 0.3701 0.5433
4PM-312 0.2000 0.1862 0.3251
¥ Mean  0.2525 0.3451 0.4591
F, 2PM-142 0.2667 0.4598 0.6365
2PM-162 0.4667 0.4805 0.6572
2PM-206 0.2000 0.1862 0.3251
3PM-033 0.4000 0.5701 0.6623
3PM-049 0.3571 0.3042 0.4692
4PM-031 0.2000 0.4805 0.6572
4PM-052 0.4286 0.3492 0.5196
4PM-176 0.2857 0.4233 0.5983
4PM-312 0.2000 0.1862 0.3251
S35 Mean 03116 0.3822 0.5389
F; 2PM-142 0.4286 0.4233 0.5983
2PM-162 0.2000 0.4805 0.6572
2PM-206 0.3126 0.4778 0.5392
3PM-033 0.4000 0.4759 0.3668
3PM-049 0.2667 0.2391 0.3927
4PM-031 0.3333 0.5080 0.6842
4PM-052 0.3188 0.3749 0.3085
4PM-176 0.3333 0.3852 0.4506
4PM-312 0.2667 0.2391 0.3927
S35 Mean 03178 0.4005 0.4878
F, 2PM-142 0.2667 0.4598 0.6365
2PM-162 0.2000 0.4345 0.6109
2PM-206 0.0667 0.0667 0.1461
3PM-033 0.4000 0.5425 0.6502
3PM-049 0.3333 0.3701 0.5433
4PM-031 0.5248 0.5104 0.4638
4PM-052 0.2857 0.2540 0.4101
4PM-176 0.2000 0.3701 0.5433
4PM-312 0.2000 0.1862 0.3251
S35 Mean 0.2752 0.3549 0.4810

® 6 EXEEIZIFAZATUERERRZENERITER
Table 6 Difference analysis on gene expression quantity of
biomineraliztion genes in inbreeding and hybrid families of P.
fuctada martensii

% % Family nacrein X pearlinJE[X pifl 773E[A
F, 19.98+2.63b 4.68+0.21a 2.35+0.22a
F, 39.28+3.75a 5.37+1.18a 391+1.42a
F; 20.73+5.31b 5.22+0.84a 2.47+0.51a
F, 3.53+2.34¢ 0.41+0.11b 0.49+0.28b

YR TR 5 pearlinfll pifl 7745 RUA X 26 ik 2 &t 0 5 E AR
X%, FHFEE S nacreinfl pifl 773 RIAH X ik i 5
G, T 5 5 pearlind L AN FA 2 B F
*H?‘éo

3 iTie

3.1 EXXMBRBREGREZ—RAERKMERF 0

A R R L S AR (HI s 5y 3L
FHE T A BEALRE R A IR A S R RAEARG . 5K Y 25
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Table 7 Correlation analysis on growth traits and mineralized gene expression quantity of four families from P. fuctada martensii

fahR PR TR JHFETE Pk HFEE
Item Mean shell length Mean shell height Mean shell width Mean total weight Mean shell weight
nacreinkk[A] 0.92 0.93 0.78 0.93 0.95*
pearlinJ&[H 0.98* 0.98* 0.99%* 0.98* 0.87

pifl 7754 0.96* 0.97* 0.86 0.96* 0.95*
*FIRMIR L (P<0.05)

* meant significant correlation( P<0.05)

(2003 )i 3= #4 T F DL AC R R N2 AE R ZR , H%)
AR R IR, 85 R, 5 A8 K R M,
IR R RGNS, 2 U B 5 AR B Bl 38R bR
G35 K25.9%F12.7% o FRMT-55(2004 )38 328 X7 o IS
i 228 SIS R AW AE R MR BTG R, 4550 %
B, 548 KR, AR R AL B 5 3% i i
He KAEARIB AL 203 510 35.34% F121.17% , S5 %43 )
REA1525.23%1149.44% . @55 (2013 ) LLAEA BG4 148
L FIRE R AR TS S5 B B ER R
He KA 28 IR 40 5.38%~26.57% ., ASHIF 57 45 3¢
B, T [RERBE DL S R R A KRB BN T 22 58
2, UARBY B A KRR AL R R 11.7%~29.4%, 5
AR HA DR A B 4 SR — B

BEAON AR T 240 M BT it A BEASE IR BEVE
T 5 A 18 £ 2ok S 3 ) [ [ = A 45 46
Hor, & IR 55 R IR AR RN X D12 R & (A F
£ G R AR S AR B B 52 (Jones et al., 1996
Deng et al.,2005) ., WA SR, AN % D12 HE
D1 B DL A K 34 AT REAEAE 520 (Liu et al.,2005; 551
HH4,2012) . AW FRITE T4 R R
HE LR AF SR RZRAAMERA B
[) B A R PR 22 S AN U 8, T RE S REAR RN, X A
R IA 5,
3.2 EXWMIDRHKENET—RBEESHENZW

Botstein% (1980 ) AR #5 PICHH & Z2 567 A5 1 F B
MPIC>0.508F Ay i i 22 AP 45, 0.25<PIC<0.504 1
J&E 2 ENT A5, PIC<0.251 R Ik B 2 2SR s o A
TR T AN RK FR T PIC A 51 4 0.4591
0.5389.0.487810.4810, Z4385 F ML FAAE T
JE 2k ULRABE R AYOXT T TR 5 | W 1A 5w B 3t
A5 8RB b S e HH & R R L (5 5., B IE A
TRRBUEZFEAE 3T

RS HE S EOE A FEEERR I, B £ 20 B
VAR B e R A AR AL . R 2E U5
by, A L N A A E A R A A A H A8
i O A iR . ORI A REREIR K™ 5))
VISR AR I DA 2 AR A AR A JE R B | 38t A% 2 FF
PEFEFRIFAR (2R 25,2005 ; X152 K4, 2007 ; 5K 7 i

4,2015; 5K 5015 ,2015) . 22L& %5 (2005) LAIRAPD 43
Hr 1 3% 5 ( Megalobrama amblycephal ) It 38 AR 11 15t
2y, 2559 R LR S AR (2 R sC BLd &) M 248
N7 35 A SO DR AR T BR A4 . 1) 52 K4 (2007)
FIFH20 %} SSRAR 1L 43 #1 8] 2 #f1 ( Xiphophorus helleri)
RW-HIT %A BL R RIS L 2R, 455 & 320
LR V7ML SR SR A TR FE I AE(2015)F)
FHSSRARIE LA o [RBREE DU 28 5 4858 K R st fL 45
F B RR B IR R R MM 2 45 SR 4 5 1
BT AC R ZR . k5 (2015) R 9% AFLP5 |4
IIMT AR R AL R S5 5B, oxt 5 | P 7e Xt
B8 F,(F=0.250) FIF,( F=0.375)31N %2 2 th 47 14 H i 67
FUEE B 215 204 F1200 , 24X 5 | M1 G Y
LML BN T 4 646,14, KR IR R 275
AL FE IR H31.16% . 28.43%F127.5%. AWF5EHT,
T 22 R FR I LI 2 45 B R B 2 5 B HR AR 3K F 44
LR FR 10T 22 RE T 30 [RBRB) DL st AL 2 4F
PEREAI
3.3 EZWDERHKRENEST—RYUERRIENZM

A= AR A A O A0 B B A BLIR ) A
AW AE B i AR A6 5 4 AR s e b2
PFCE AR, 2016) . BRI A KW E— 0 b F2,
AT S 2 5% #E, W fEnacrein.
pearlin . MSI60..pifl 77F1n1 955 5E [H ( Zhao et al.,2012),
T FRER AL DL AR KR 5 0 fb 35 R 6508 B A7 6 A 56
. ZhangfIHe(2011)#iE , ZERFK H /INIAS AL
D1 5¢ 5k 5 25 11 JE [H aspein ., prismalin-14 .n16 #ll nacrein
Tk Hoom SoEE R E EMC, FRAE(2014)0F
5% 2], nacrein . MSI60 . pifl 77F1n19% AL £ [H 5 1 [&
BREE DR 2R 2 B B E AR G . k45 (2015) i@ 1
FU A A% AN [R) AR R X 5 PGBk DL AR K S5 (b S R 1
S 25 R PR A TR A B s i e v 5 5t
G RR IR SE A K % 5 nacrein  pif1 778 L 3L R 3
PP TR 1 5% i 5 SO WY ekt SO 11 S e TS oSV
5 T IR B DA KR AR IE ARG

IEAERE T R B K MR S AL 2R R
Hb IR AT P B N R IR AR, (R (2014)BFEHGE ,
R N AR AR PR B EEEAESERKE



14 FHMES . BTG R AR G S A A LR R A 0 a -137-

FEAHSCIEGFZ AL . ShifiHe(2014) ] FHEE 541
FOAR T [REREE DL RN R /NRAS A AR SE R 22
S, JF 34 22 S L R A T B IE , R L 19 2
PR Rik i 5 5 sk A5 R — 30 AP e S IR BR
B DL AZ 5 38 R Z W M3 F nacrein  pearlinflpif1 77
MYk, G5 R R IR R AP A X R A
HPNRMTRERR, SELRRERKREZEMAYE,
R A PRt al Ry AR RPN 5 AT

4 s

USSR B FRBR AR DLAE R PIR | 38% R I
R tee SIS v R ST S e SE = R
T3 S A G PR SZRC AL B G, B 1 PR 5 2
PEPRIB L1535 1 AR PSR PRI IR0 7 Rl A

Sk

PR, 2014. o FOBREE DUR ERANA AR PR MISCHE DY 1 5%
AT LD J. VL T AR KA

Chen W Y. 2014. Correlation analysis of pearl production and
growth traits with related genes from Pinctada martensii| D ].
Zhanjiang: Guangdong Ocean University.

XS5 SC, AFHR, FEBEAR, SEPRIE. 2008, T FREREE DU R F, L1
BeE SR AN BRSSIRAL TI T[] ) AR R 2224, 28
(4):26-29.

Deng Y W,Fu S,Du X D,Wang Q H. 2008. Response to selec—
tion and realized heritability for early growth in the second—
generation selected line of pearl oyster Pinctada martensii
[J]. Journal of Guangdong Ocean University,28(4):26-29.

TSR, T, B KK PR R 2015, R [A] 28 3R B0 iF 3
P DA SR ST LT ] o B VAR R R 24, 45(11) 243~
48.

Fu Q,Wang S,Zhao L,Zhang L,Bao Z M. 2015. Analysis of in—
breeding depression in Patinopecten yessoensis based on
different inbreeding coefficient| J |. Periodical of Ocean U—
niversity of China,45(11):43-48.

fHi5E. 2014, BF 3 B DL (Patinopecten yessoensis ) VT 38 FE 1B A4
W BN SR PLBEESEL D . 5 & - PR

Fu Q. 2014. Biological effects and genetic mechanism of in-
breeding depression in Japanese scallop ( Patinopecten
yessoensis)[ D ]. Qingdao: Ocean University of China.

BN, 2016, BER UL DS EE (A 40 5 KW IR0 19 30
FEMZELD | dbat. i BB

Huang R L. 2016. The shell proteomics and stress network of
biomineralization in pearl oyster( Pinctada fucata martensii)
[D . Beijing: Chinese Academy of Sciences.

RUR AT ARBE W], 2005, PRI 32 %) P Sk 67 5t 14 45 14
AN AN SR A LT . 7K™ 2741, 29(2) : 161-165.

Li S F,Yang H Y,Zou S M. 2005. Effects on genetic structure
from quick inbreeding and estimation of inbreeding re—
sponse in cultured populations of Megalobrama ambly—

cepha]a[]]. Journal of Fisheries of China,29(2):161-165.

ep, 1= E R AL B R, RAE L R 2013, AR IR
f7( Ruditapes phﬂippinarum)%é%/% AR AT 5 B 5T
[J ). WP ST, 44(3): 717-721.

Liang J,Yan X W,Huo Z M,Zhao L. Q,Wu Y X, Yang F. 2013.
Inbreeding and its impact on growth and survival of the
orange family manila clam Ruditapes Philippinarum[J]. O
ceanologia et Limnologia Sinica,44(3):717-721.

R RS 2, Bk, il 4. 2007. 21 MRW-H
UEAEF 20 ANCIRA R BRAR A [T ], R K R
14(4):602-607.

Liu Y F,Bai J J,Li K B,Huang Z B,Quan Y C. 2007. Genetic
structure of 20 microsatellite loci in RW -H swordtail fish
(Xiphophorus helleri) inbred strain[J]. Journal of Fishery
Sciences of China, 14(4):602-607.

S, FER, BB, R K ERE. 2012, ZRN
R NPIFPELAE FERR IR PR XS A5 [T 1. K77 274H, 36
(6):832-837.

Sang S T,Yan X W,Huo Z M,Yang P,Yang F,Zhang G F.
2012. The diallel cross between large and small sizes within
family of Manila clam( Ruditapes philippinarum)[J]. Jour—
nal of Fisheries of China,36(6):832-837.

FRMG A2 0, B T RE, HG. 2011 S T [CBREE DT
FRIE X FRIE A T[T ). BT Al AR, 42(12)
1555-1559.

Wang D P,He A Y,Cao Z W,Gan X. 2011. Carrying capacity
of Yingpan new Pinctada martensii culture area in Beihai
city,Cuangxi[J]. Journal of Southern Agriculture,42(l2):
1555-1559.

FFE. 2011, RV B DL A2 IR gL > T LB FSELD ).
R E R

Wang Y. 2011. The molecule and genetic analysis of inbreeding
depression in Bay scallop( Argopecten irradians)[ D ]. Qing—
dao: Chinese Academy of Science.

B, FPAE , PhEGARL, XURSHE , FEBR AR X5 3C. 2015, K
A X P B DA A AR AN A i PR 3R 8 14 5 Wi
[J]. R A S A, 34(8) : 1681-1687.

Yang C Y,Wang Q H,Sun R J,Liu X W,Du X D,Deng Y W.
2015. Growth rate and expression of mineralization gene of
pearl oyster Pinctada martensii fed on microencapsulated
diets[J ]. Genomics and Applied Biology,34(8):1681-1687.

SRERE, XIR 8, Kb, 587 B, ks 2z, 2003. 75 53 DA 22
R AR A S AR ]. PR FEE 10
(6):441-445.

Zhang G F,Liu S X, Liu X,Guo X M, Zhang F S. 2003. Self—fer—
tilization family establishment and its depression in bay
scallop Argopecten irradians[ ] ]. Journal of Fishery Sciences
of China, 10(6):441-445.

FREE, XIBE. 2006. 5T U ALk R LA R [T ]
K24, 30(1):130-137.

Zhang G F,Liu X. 2006. Theory and method of genetic improve—
ment in mariculture mollusks:a review[ ] ]. Journal of Fi—
sheries of China,30(1):130-137.

SKFRIN , K, AR AR, X =, BHRE X3 2015.



<138 B Rk F R 48 %

o PRBR Y DT AZ 5 28 58 58 R AL G5 A0 Y L[ ). kA
A5 R A7, 34(4) : 723-730.

Zhang J L,Luo Y Q,Huang Y,Zhong Y S,Liu Q Y,Li J H,Deng
Y W. 2015. Genetic structure of inbred and hybrid families
of pearl oyster Pinctada martensii[J]. Genomics and Ap—
plied Biology,34(4):723-730.

iR, L, B, FVFD, ALAEE. 2014, SO KA
4y IOFIHE DA RS A7 G B2 [0 . 7™ 2741, 38(12)
2005-2011.

Zhang ] X,Li Q,Ge J L,Wang X B,Kong L F. 2014. Effects of
inbreeding on growth and survival of larval and juvenile
Pacific oyster( Crassostrea gigas)[]]. Journal of Fisheries of
China, 38(12):2005-2011.

JREEE. 2015, KM SE 5 FR A WA Rk st % Z Ry
PriD ] & PR

Zhang J X. 2015. Biological performances and genetic diversity
of inbred families in the Pacific oyster( Crassostrea gigas)
[D]. Qingdao:Ocean University of China.

M 5K Y, R, AR 5. 2004, TSR IR C R R 5 H
SRR RAFE R UL . 7K™ 241, 28(3) :267-272.

Zheng H P,Zhang G F,Liu X,Que H Y. 2004. Comparison of
growth and survival between the selffertilized and hybridized
families in Argopecten irradians irradians|[ ] ]. Journal of
Fisheries of China,28(3):267-272.

Beattie ] H, Perdue J, Hershberger W, Chew K. 1987. Effects
of inbreeding on growth in the Pacific oyster( Crassostrea gi—
gas)[J]. Journal of Shellfish Research,6: 25-28.

Beaumont A R, Budd M D. 1983. Effects of self —fertilization
and other factors on the early development of the scallop
Pecten maximus| J ]. Marine Biology, 76: 285-289.

Botstein D, Whiter R L,Skolnick M,Davis R W. 1980. Con—
struction of a genetic linkage map in man using restriction
fragment length polymorphisms[ J ]. American Journal of Hu—
man Genetics,32(3):314-331.

Concha C,Figueroa E, Winkler F M. 2011. Association between
self—fertilization rates and the frequency of malformed lar—
vae in farmed populations of the northern scallop Ar-—
gopecten purpuratus (Lamarck , 1819)[J]. Latin American
Journal of Aquatic Research,39(2):327-337.

Deng Y W,Liu X,Zhang G F,Guo X M. 2005. Inbreeding de—
pression and maternal effects on early performance of Pa—

cific abalone[J]. North American Journal of Aquaculture,

67(3):231-236.

Evans F,Matson S, Brake J, Langdon C. 2004. The effects of in—
breeding on performance traits of adult Pacific oysters
(Crassostrea gigas)[ J]. Aquaculture,230(1-4):89-98.

Jones R,Bates ] A,Innes D J, Thompson R J. 1996. Quantitative
genetic analysis of growth in larval scallops ( Placopecten
magellanicus)[J ]. Marine Biology, 124(4):671-677.

Kobayashi T,Kijima A. 2010. Effects of inbreeding depression
in Pacific abalone Haliotis discus hannail J |. Journal of Shell—
fish Research,29(3):643-649.

Launey S,Hedgecock D. 2001. High genetic load in the Pacific
oyster Crassostrea gigas[]]. Genetics, 159(1):255-265.

Liu J Y,Liu Z G,Sun X Z. 2011. The effects of inbreeding on
production traits of the southern bay scallop Argopecten ir—
radians concentricus| ] ]. Journal of Shellfish Research,30
(1):109-113.

Liu X,Deng Y W,Zhang G F. 2005. Growth of eight Pacific a—
balone families at three temperatures[] 1. Acta Oceanologica
Sinica, 24(3):148-153.

Mallet A L,Haley L E. 1983. Growth rate and survival in pure
population matings and crosses of the oyster Crassostrea vir—
ginica[.]] Canadian Journal of Fishries and Aquatic Sci-
ences,40(7):948-954,

Shi Y,He M X. 2014. Differential gene expression identified by
RNA-Seq and qPCR in two sizes of pearl oyster( Pinctada
fucata)[J]. Gene,538(2):313-322.

Zhang L. J,He M X. 2011. Quantitative expression of shell ma—
trix protein genes and their correlations with shell traits in
the pearl oyster Pinctada fucatal J |. Aquaculture,314( 1-4).
73-79.

Zhao X,Wang Q,Jiao Y,Huang R,Deng Y,Wang H,Du X.
2012. Identification of genes potentially related to biomi—
neralization and immunity by transcriptome analysis of pearl
sac in pearl oyster Pinctada martensii| ] |. Marine Biotech—
nology, 14(6):730-739.

Zheng H P,Zhang G F,Guo X M, Liu X. 2008. Inbreeding de-
pression for various traits in two cultured populations of the
American bay scallop, Argopecten irradians irradians Lamarck
(1819) introduced into ChinalJ]. Journal of Experimental
Marine Biology and Ecology,364(1):42-47.

(FTHEsmE 27F%)





