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SEAER B AL 45 5 AN REE , MR I Y gt A%
FH AR R 2 PR 1 7 SRR R IE s 7E R
W E R, 5 EEHN E R AR R R AR
A PUmith, el SO E L SHaT A A
AARE , IR H bR AR AL S AN [F) PR 18] A9 5C
S EDILIE T SR L b i R iR /N
SR RIS dhR& S, B, 3
R T R, AR E PR A8 15 2 Bt Ay
PEAl, PR AAR IR T 77, 2ok
JREE T TARBUS B RASCR I BRI

AT AR A 5 58 R DR A il RN A
i AL BT L T 48 DA MR R K R,
AR TR 2R 7 8B AR RIMRIE R R, KAt
FALILGE R GEH Lab BB GRS (Rl Al
Froe BRI AL ) RO S A KRR S e, A
R A W e R PR AR K i B A SR AR BTORL

1 MRS IE

1.1 St

ST IR EA R A S 3R E L K
PRS2 0 R R et KAt A, BRES 1 ARK
Sk g e A R A S 2R (Gy)o 2020 4F 4 A M IIAR
FLILE X SR P 5 1A G Fe i s A K R
(Gy) U KRR RAERE R R DL, R s
FNPAT A TALE, 2020 4F 5 B, K45 FAE
B & B I, BN, R SRk
VAT N T FeNs, 1 MfEfic 3 M, JLasr 48 P 4xfE
KER .16 MRERME R, RBITAEARNHZENL,
AT 70% RS .

1.2 §Fk. EMEEMIER

NTHEKEEG, TR R4 HRTE 100 L %
ORI FEATIAAL , Ak i v &)y % R R
£ 20~40 ~/mL, KR HI1E 24 °C et Wifkad
FEFFLE 22 h, ZAEIN A H 2 DB 4 Ry #E 17 1k
e, M\ 48 I F o5l sl HU% By 30~40 >/mL
(¥ 2 L BRI RS 2 2 4> 500 L 3RHE IR A
A B E 57 NS REPGESES W5k,
4y U B s I E 8~10 A~/mL, 2 BB 5 St
e 23N mL, BEHPOK 1K, BIK 13 oK
T H AR 4 00, AR AN ) A= 4 [ B i o 25 45 v
(Isochrysis galbana) 1w ¥ (Platymonas sp.) H)3% M
PO B2 AR . AN SR S0 A 1 A IR A B A I
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Fr—30, MRS 40 H LBk 30% A AT, B
DIFEME R, S e i & ARG, ##%
BEAMGEM R FE 2 J8 o 1 F SR X A A 0k
A, CREHE DLE TR DU TR B IL R R IR
TR DX AT IR o % B [0 4% 8 DA 1 ko 2
B b K 2 AR — 2, 2021 4F 4 A KA £
TR FRHF A IR 863 MK, AR IR b [
MR (R TR ) MR E R Y
HEAT o A S SR AR 4 48 rh D R
B A 2 51 2ttt

1.3 BFRME

A KR E XF A AR 5E R (SH).
7oK (SL). 758 (SW). M i (TW) A4 Kk
FRPRIEATIE . B s R RIS . 72k
5E 58 CREAf EE 0.01 mm), Ao i H AL+ K7
i (WL 0.01 g).

7o &R M E kA AL &R S
(CVS, computer vision system) A5 Eia 236 L'a'b”
KA mEFROEE. CVS R FEIRHECTR |
B A HL AT ER AL PR . 52 0 BURCR AR o 2
PSS B E L RBASE L. a. bEHNERS
W Wan 50 0k, LT o' BRI AE B LUFA

NTE
U:j%xwo 1)
"= %;g: — 120 @)
H<::%;g?-—1zo 3)

AE = \(L* L+ @ —ap) (-5 @)
b, CHRRVIE, @ R E I, b
W S8, L. a. b 40l R B4t W5 7 1
é%ﬁ, L*]\ a*l\ ﬁb*l I%%ftqj%#*/i\{/ﬁ;%%
AREB R, AE KB
14 RRELE

FIT A T SR AR LA K58 P 52 LA T 18 -5
P55 JEH DNA, FI ] 4 412 # PCR 3 12 M
TR SR BT RE S DNA SEAT Y, £
PCRY YA G . 5197 5] A PCR ™4 Z5 4 WL
1, AR MY Y H ABI3730x1 (Applied
Biosystems) | ¥ A #E 47 B H 73 8 . £ GeneMap-
per v4.0 B Ak AT B AR N A7 5 0 BOR /N, il
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Tab. 1

KHIFH T ZE%E PCR 5141E & RFFHIE

Multiplexes of microsatellite markers for C. gigas

HikEy
group

(D=3
locus

51FP5(5'-3")

primer sequence(5'-3")

BRI C
Ta

TR /N op
fragment length

Panel 1

Panel 2

Panel 3

Panel 4

ucdCg-117
ucdCg-120
ucdCg-198
ucdCg-146

Crgi3
uscCgi-210
ucdCg-152
Crgi39

Crgid5
otgfa0_0007 _BO7
otgfa0_0129_EI11

Crgi4

F-TGTAAAACGACGGCCAGTCCAAGCTTGCACTCACTCAA 6-FAM
R-GAGTGTTCTGGTGTGCCAAAT

F-TGTAAAACGACGGCCAGTGGGTGAGATTTAGGGGGAGA 6-FAM
R-CTCCATCAAACCTGCCAAAC

F-TGTAAAACGACGGCCAGTGAAAGACACGACCGGAGAGA 6-FAM
R-CTGATGATGTCCCACACCTG

F-TGTAAAACGACGGCCAGTCGCTCTGGTCTTTGTTCCAT NED
R-ACCCCAACAGATCACAATCC

F-TGTAAAACGACGGCCAGTTAGGATGAGGCTGGCACCTTGGA NED
R-GCCTGCCTTGCCTTTGAGGAATA

F-TGTAAAACGACGGCCAGTTTCACAATGAAGATGACAGTGC NED
R-CCTCCTCTGCCTCCATATCA

F-TGTAAAACGACGGCCAGTTGGTTTTGGAGCTTGGCTTA VIC
R-TCAAGCAAAGAAAGTCACCTCA

F-TGTAAAACGACGGCCAGTTTCCAAGTCCGTTTTGTCATCGT VIC
R-GTGCACAAACCCACCATCAGCTC

F-TGTAAAACGACGGCCAGTGAGTCACCATGAAGAGTATCTGAA VIC
R-ATGATTACATAACTCTGACCCAAT

F-TGTAAAACGACGGCCAGTTATCATCGCGGCAATTCGTG PET
R-GCAACTTAGCTGGTCGTTCC

F-TGTAAAACGACGGCCAGTTGACTGTTCTTCGTACCCATCA PET
R-AGGTGGAACGAGATTGCCTTT

F-TGTAAAACGACGGCCAGTCCAAAACACGATAAGATACACTTTC
PET
R-GATCAGTCCCTCACATCTTTCCTC

58

58

58

56

56

56

50

50

50

50

50

50

290

152

230

218

161~173

316

257

190~214

158~164

279~295

155

235

T IR NS5 AR

Notes: Bold are the different fluorescent dyes used.

J CERVUS 3.0 #{F™, TRk AR, 45a
SABLT R RO 12 R A SR B E R
WRERG KRR

1.5 BIES

fdi i} SPSS 18.0 I Excel /4% K M5 1484
KRN AR ) RS BOEATHI P AL, K
U IE MR 22551 . R ASREML 3.0 #2743
249 T A B 9K B (REML) 317 38 15 2 500 Al
T MRS PR

Yipe = p+ qijx + Lij + eyji )
L, il jo kIR S . BEARSGS . KR
HE kAR GT, Yy I NMRHEROBLI R, w1 h
S, oy NPV, 1, WK Rl
BUBL, ey MHEHLTR 2 o

T A0 B A A AR B 388 4% AF DG RN R AL AR 5
(314, {8 ] ASREML 3.0 #0: DA K AU F s 0

2 4k
21 RiELEERIEEMGT

12 AN TR A B9 F- 2 S5 6 I KR 1046,
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SERI A B R 0.62, IR A N 0.67,
ZEMEE S E (PIC) V- HE R 0.62, R
F A, PET 10 000 YOCEAR BRI T B4R
MR, B WEFERN 99.98%., 1E 95% Y B A5 EEbn
HET, 863 MAMAHAE 851 A% B HACHE
A, SEBRIE TR E AN 98.61%. K FR H A4
RER, 8 NRRZE TN AR
(#2), T 6~48, FEARTIHLRE I 2 5K
4 -S0A, LEEFT 48417110,
REFEIG, BitT 48 MF R INFEOAH T
FRL'. a'. bFIAE, W1 12 SHARN 4 SRXAESE
4RI R R b E 1T 350 K 4 -85.93, i i
47 SHEARR 16 AR E R AE T35
/N, R 421 (B ). fliR g2 R A s KA i
FEESEMAERKMAR T IE . brfE2E AR R
(K 3). AAERKERSEh, SERWES R
wm, N 39.62%, MILZTT, 7M. 5K
(78 S R EURAR, O 16.51%~21.10%, WA~ 14
FEERAZSE NN, 4 PO H T,
L'HAE W28 5 250K, Ui A MR R B S
o LR AE (25T AR, L2 R0 5e2
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Tab.2 Number of progenies assigned to each of the 48 full-sib families based on microsatellite genotyping

AR5 HEVESEAFE S sire number
family number 2 304 5 6 7 8 9 10 11 2 13 14 15 16

1 44/44/14

2 48/39/44

3 6/9/6

4 12/10/7

5 35/41/14

6 7/14/14

7 12/6/6

8 14/11/22

9 31/6/6

10 14/6/15

11 12/10/8

12 24/7/38

13 7/14/20

14 26/28/36

15 26/8/9

16 8/6/7

Bt total 102 131 21 29 90 35 24 47 43 35 30 69 41 90 43 21
¥ RRFSHAELXRR G w4, R R B R 5 SO BEA T A 1 FARHL

Notes: Each family is coded by its dam number. -/-/- means the number of progeny produced by sire and dam in each half-sibling families.

25

20 H =1 -1
hlﬂ I:1i |

10 |

>

0

1 5 9 1317 21 2529 33 37 41 45 1 5 9 1317 21 2529 33 37 41 45
ESEEER FRME R
full-sib families full-sib families
115 @ (b)
-110
105 {1 1 w
*mﬁm’ ﬂ( | i
-95 |
-90 |
-85
1 5 9 13 17 21 25 29 33 37 41 45 1 5 9 1317 21 2529 33 37 41 45
AR R ENETEER
full-sib families full-sib families
(c) (d)

1 KHIFFEEIREREME
(@~ KITHN L. AE. a M b ISHUE; BANEFRRERNRBEEHFESEERR, IFHERARRS G4
Fig.1 Shell color-related trait performance in terms of L', 2", b’, and AE of C. gigas

Parameter values of L*, AE, a” and b" are showed in figures (a)-(d), respectively; the shell color-related trait performances are represented by mean+SD.

Each family is coded by its dam number.
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®3 KEHEEERIEKERSBNERESITER
Tab.3 Descriptive statistics of the orange shell
color-related parameters (L', 2, b and AE) and

the growth-related traits of C. gigas

F4 KPHFEESH L, 2. bFAEMIREH TAL%),
BEHEX A% LER) MREEX AL TH)
Tab. 4 Heritabilies (in the diagonal), genetic correlations

(above the diagonal) and phenotypic correlation (below the

AN SEEMH Rl a5 7 AH% diagonal) of shell color parameters of C. gigas

trait mean SD CvV P ] ]
L 16.08 3.19 19.84 parameter a b AE
a -99.75 3.69 3.70 L 0.17£0.07  0.86£0.45  —0.79+0.24  0.51%0.30
b —91.15 5.20 5.70 a —0.09+0.04 0474023  —0.64+0.31  0.66+0.33
AE 7.11 3.08 43.32 b 0.16£0.04  0.48+0.03  0.42+0.21 ~0.68+0.52
SH 53.92 8.93 16.51 AE 0.08+0.04  —0.31£0.03 —0.45+0.03  0.56+0.29
SL 34.60 7.19 20.78
W 54 155 o K BHIITH 5. AE FAERVEIRI AL G
™ 16.91 6.70 39.62 R . Hrh, 555 . £Kmfsg

7 SH.3EM, SLAEK, SW.H%E, TW.AEE, TH.
Notes: SH. shell hight, SL. shell length, SW. shell width, TW. total
weight, the same below.

TRI8) AE 22 5K UR ;. o 0 BT 7AE S R AU
A 3.70%~5.70%

22 KHHFRGMERIEE FEEEX

ETHRREBHFEMRIGELR, FIHNYHER
FIBR P e KASR b A7 st AL ST . 78 4 4
S, L i AR, R 017+
0.07. a'. b'FI AE [Wistfe AR &, RIKCh
0.47+£0.23 . 0.42+0.21 F1 0.56+0.29 (% 4), Fo ik
AR S B0 FB 22 (8] AE S 1) 22 5 BRI AE AH G
PEMIES b, WARBUAEAR DGR RN I, LR AE
(R385 AH S RN e BUAH S IEAHOG , st fL A DG
RUFH MR A 0.51£0.30 F1 0.08+0.04, 51 AH &
Hi/N Tt l; 5L, o AEYHAR
R FALASE, 5053128 -0.79+0.24 . —0.64+0.31
F1-0.68+0.52,,

23 KHEFFRMRSE K RAEEE X
ESILHIEES

R 5 PR A PR A 2 B R 33 A A

FHOCRE B & T H M B 2%, H-029~-0.23,
LK MIR . o FAE KR A AL A T,
B LR A PR LA, HAR ) HAAIR A A1
Kl o FEBAEHICTT I, LA & i 6fR Sk
i H-0.33£0.25, FERBIHTTI, o 55E5M
AT E AR, N 0.1120.04; b'5 5 T & AYAH
KAGTHEERAR, 4 0.01+0.03,

3 i

31 KHBRELEESERIN

AL I R K 7 S W e 7 b ) B A
ZH, ERMEMTT . EEINEN L. Bt
K #1455 TR EEEAE T, A A R
AR IR MERR AL B SRR . JETRCLAE
IIRIRRBI R R EAT W, AR 00 %50 1
R Y R e MRS OL R, T 2 BB T 4wy fi
(Lates calcarifer). fif (Hypophthalmichthys moli-
trix). B (Cyprinus carpio) % 125> P K K4t
Wt B8l (Haliotis asinine)™ 25 N ZRIRFERK W)
RIGERRYE D XM 8 T A 2[R j A
[7i i 5 3 SR SR FE AR L R B Hh A 7 X, AN

RS KEHERREEKBREZESEKMRNRE (r,) MEEFHEX (1)

Tab.5 Phenotypic and genetic correlation between the shell color and growth traits of the improved orange shell line C. gigas

PR L a b AE
trait Te "p Te "p Ty Tp Te Tp
SH —0.02+0.04 0.03+0.07 0.02+0.04 0.04+0.03 0.17+0.12 0.09+0.04 —0.29+0.23 —0.02+0.09
SL —0.07+0.02 0.05+0.04 0.03+0.09 0.04+0.03 0.03+0.02 0.04+0.03 —0.23+0.05 —0.02+0.13
SW 0.02+0.05 —0.04+0.03 —0.24+0.18 0.11+0.04 0.07+0.08 0.08+0.04 —0.14+0.04 —0.03+0.14
™ —0.33+0.25 0.06+0.04 0.12+0.13 0.04+0.03 —0.19+0.18 0.01+0.03 —0.05+0.08 —0.03+0.03
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AR T B AR BLALAS, BHEBR TSR R 5
TRt RS AR Ao T4, 8T+ T e S5k
A HERPED S AT E 12 X R S S8
T R4 O A KR G PR, WERR
863 MAMAH A 851 A4 B HACHEA, IR
ik 98.61%, 1 T I 5% )3 45 P A 4 4 £ 68 (H. diis-
cus hannai) " 8 AN TR A 5 PR 7 46 090 7
KA R A 11 AN TR 5 B ARAY 3E  E
Uy, FOAAHTFFE 2 F A S 10 A A, AR A
ZAME RSB LS KA MR R T,
Ueoh, FESEE I b, B RO R T
BE— AR LR SRR 00 3 D MEER R, X
WP R R PRGN, (EE R,
IR R R B AR AR, IRIRRHE P RE
RAMPIERTRRZ R R, TESFHET
BRI RO BER/ING R, SR AR im s, BRI,
FEBE B 1R ORI 2 F b W AR ) RS R
FostfAeA, X & RN R A

32 KHFFEERER DS

Bl ARG R | e B RS TE T 2T
TR, Kewshe gt . AR ST ORI
LR SZ R 2 BT P Am A, B R A e TR
HAKE R, AME LT 2K,
T AT LA AR 5 5 o P bR s A AR X Y F 9 4 A
Bho HAET, ST RAT WG ST AR G 8 A B
156 QTL 5E N S5 5% B B S T — Z 41 gk J P52
A7 3 L 45 Al RS B R AL
gt Bl R GAGE T 10 A B KA 5L PR Y
WAL, BB L. o, b AE 1L 1435
J90.17. 0.47. 0.42 F10.56, TELIRTIRFGEH, BF
FEH B BAL S (h1)<0.15 R 5 W AR AL J1 K F
0.15<h?<0.30 4l 43y h &8t 4% 71, h2>0.30 X1 534
Eas AL H0 AT, SR R R R AR O LT
R fL 1, ZBGaSETREZ G X AR H R W%
A K. a' b, AEEBOSEIY msfe 1,
T 2% B A A 1 e e P R 37 3 A% PR 28 9 o R B R
L, DBy Hbs Rk & A BRI .
A, il R RIS S HERR T IR0, K
AL 5 2 N R R B 22 58k, Wl fes SE0n
PRI AL T 2215 . Xu S5 F Evans S5 X K4 W5
Fo 08 A% S B AL TR B AR B T R B AL T
A DI T R A PEAL Y = M 2R
WHERIVBOBNZOQEOSHL . o. b, AE
(3% 1t b R K, BUEB T A fa ol ik
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7 HARAT U I T RCR
33 KHFFEMERSE KRB XK ES

VEPE B A5 i Bk e AR A R A A A
ZH R, T2 R kS Ik, M
VEE B RS R . K Sk R
e, TR LR AR DR R A, A
Se PR Y b i AR S U A AU 1, S BT
RN R EA A RIS, 755 I i Mtk
555 s B PR T LA DGR, D0 RT X 5 # 2E A T
R E . ik, FEESZREFWERS, &
BLIT R B AR R SCI r Br LU AR i B Pk, R
FHOG EZL 00 Rt A AH C RIS AH DG R 4y, o,
T8 A DG H ik PR (B 3% AN S I PR 2 3 vk
TR, B, MR ] I 38 A% A S (E - TR 3%
HH MR IE L,

FEM =23 W2, BB RIE T IR
VAR R MR B AH DGR B R e i 5 o ol RS
EUV R KA R R LSRR SHOR L
{H°4 0.49~0.91, W MAR MBI AT EAT BARE#E . T
Wan S5l 56 4 K AW B 60 2805 A A KR
Z 8] IR AL ST FEL oM —0.04~0.26, FBUAH L
H-0.10~0.13,  Toik A A AR 52 B X 52 4 AR
MIRFEGE T, 7 = MM 7 @5 4 KPR 6
B3 B b A5 2 T A R 25 R0 AR IE
Katwpre s R K R @R 5 ERERZ
() 114) 358 1 A G 1 3 78 AH OG5 3l 51K, JE A F
~0.33~0.17, AFEBFFE A7 R AE KPR Y
LA AR AR R 1 22 5 T R A K IR A K
RN D N [ DT e G N i i e R P - S5
VIRV BN TR] A= P [R) B 550 Bl A A 25 5
FEANTF R A A BT, BEAR RO /N 3545 S 500
AL 25 A A R, A, AN[E G ik B B
f5e s R EURR], X rl e RS EA R 6
il Z IR B SCIE A Bt B 25 S R R
MR 5 A KR ] ) SC R PR 25 R UL, 7R K4
WA A P A K S R B AL, s
MR AE KRR B AR R & 1 7
B et e, Rea g,

4 g

AWFFESHTT 10 H IR A W57 e P 2 K
RO FRAAE S | BtE SRR
R, #E— o T e L[R5 AR DLy
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KA 72 IR 5 A R MR BA B B A Se b
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Estimates of genetic parameters for orange shell color and their correlation with
growth traits in the improved orange shell line of
Pacific oyster (Crassostrea gigas)

CHEN Yulu', XU Chengxun', LIU Shikai', KONG Lingfeng', LIQi"*
(1. Key Laboratory of Mariculture of Ministry of Education, Ocean University of China, Qingdao 266003, China,

2. Laboratory for Marine Fisheries Science and Food Production Processes,

Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266237, China)

Abstract: The Pacific oyster (Crassostrea gigas) is one of the most widely farmed shellfish species in the world.
With the rise in market demand for in-shell oysters, shell color trait is increasingly of interest to the breeding
industry and has been a target trait for selection. In our previous breeding process, an improved orange shell line of
C. gigas with a unique shell color was established by the means of hybridization and mass selection. However, the
genetic parameters for shell color trait and their correlation with growth traits for the improved orange-shell line
remains undocumented. This study aims to estimate genetic parameters (heritability and correlations) for C. gigas
at 10 months of age by applying mixed-family approach combined with a nested mating design and CVS imaging
system. In this study, heritability for shell color-related traits was estimated in the improved orange shell line of C.
gigas by fostering a single cohort of 48 families consisting of 16 sires and 48 dams. A total of 863 offspring were
harvested at 10-month age. Pedigree was reconstructed with 12 microsatellite markers. The shell color parameters
of selected oysters were measured based on the computer vision system and Lab colorimetric system. REML based
on the animal model was used to estimate the genetic parameters of orange shell color traits and correlation with
growth traits of C. gigas. The results of parentage assignment showed that 98.61% of the oysters were unambigu-
ously assigned to single parent pairs. Unbalanced contributions of parents were found among families and parents.
Coefficients of variation of the progeny were 16.51%-39.62% for growth traits, and 3.70%-43.32% for shell color
parameters, suggesting that there was great genetic variation among growth traits. Heritabilities of L', a’, ", and
AE were 0.17+0.07, 0.47+0.23, 0.42+0.21, and 0.56+0.29, respectively. The phenotypic correlations and genetic
correlations of L, a’, b" and AE were with the ranges of —0.4-0.48 and —0.79-0.86, respectively. The pheno-
typic correlations and genetic correlations between the growth traits and shell color traits were low, ranging
from —0.04-0.11 and —0.33-0.17 respectively. These results indicated that the breeding population had consid-
erable additive genetic variation in orange shell color traits, and the ongoing selective breeding program
should produce considerable genetic improvement in the orange shell color traits of C. gigas. However, indir-
ect selection of growth traits using the shell color trait is infeasible due to their low correlations. Only when both
the shell color traits and growth traits were selected as the targets of selective breeding, the traits could be
improved. Furthermore, our studies confirmed the feasibility of the posteriori family reconstruction based on
molecular markers in a communal rearing environment. The present study provides important information for
future selective breeding programs for C. gigas with orange shell color trait.

Key words: Crassostrea gigas; shell color; growth traits; microsatellite; genetic parameter
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