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Estimates of genetic parameters for orange shell color and correlation with growth
traits in the improved orange shell line of Pacific oyster (Crassostrea gigas)
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Abstract The Pacific oyster (Crassostrea gigas) is one of the most widely farmed shellfish species in the world. With the
rise of within-shell oyster market, 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 parameter of shell color trait and
correlation with growth traits for the improved orange-shell line remains undocumented. This study aimed 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 mouth 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
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of C. gigas. The results of parentage assignment showed that 98.61% of the oysters were unambiguously 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®, b", and AE were 0.17+0.07, 0.47+0.23, 0.42+0.21, 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 phenotypic 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
considerable 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, indirect selection of growth traits
using the shell color trait is infeasible due to their low correlations. Only both the shell color traits and growth traits were
selected as the targets of selective breeding, the traits could be improved. Furthermore, our studies further 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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20~40 N/mL, KiR#EHIE 24 Cht. WAEFERESE 22 h, ZKEINKE R D 4 R #4718,
M 48 AN R o L) U BN 30~40 AN/mL 1) 2 L FREE/KEHFEFRE S 2 A 500 L R R A5
H. Wi ESHEASREREZEDIN T, hREEEGITE 8~10 N/mL, 2457 5 i 5 2
2~3 NM/mL. &H#AK 1 &, BX 13 HKE; FHEWR 4 K, RIEA EE KB B 5 55 5 5
(Isochrysis galbana) R J ¥ (Platymonas sp.) I M LU S MR & . PN 58 0 il 1) A R4 R B AR R b —
o YRS HREEIE 30% A, B0 DUGE I B R B, YIRS E RS, B R RN
VENR T IR A o A B AR DX B A A gk D I, R HE DUE T R DUJE e R8RSR VAT i X AT 57
Fo FF B TA) & 58 P 1) R 5 FE AN T Ab /K 2 3 PR — B 2021 4F 4 H KW R RIEFRREAR ISR
&t 863 MM
1.3 #EHRNE

AR PRI TR AR 525 (SH) . 52K (SL). 728 (SW). el it & (TW) 55 A4E KR 48 b
BATIE . H AT IEbR R R E R R KM REEEHE 0.01 mm), S5EH BRI & RS 1
N 0.01 g).
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BT A 25 A DA B AR 1 P e LA FH 2R B - S 07 v U152 B DNA. FIH 4 A% & PCR 4t 12 M 1
AL A FE 5 DNA BEATH 14, 28 PCR § A4S 51955 A PCR ¥ 1 56 F W% 1. i3
73877 ¥)H ABI3730x1 (Applied Biosystems)illl 7 AX 34T ZE K 73 8 . 4 GeneMapper v4.0 i ff4b 2E45 2]
FHRLAL B BER /N, 8 CERVUS . 3.0P20VE T 5 KA ARV, 28 & B3 vk i SR U A 12 AN Bk TR A AR
RIEMELE, BEREZRKR.

1 KA PR 2 EPCRII WAL L RFAE

Tab. 1 Multiplexes of microsatellite markers for C. gigas
He (A=) SIFPF(5-3") R FEPC PR N op
group locus primer sequence(5'-3") T, fragment length
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 NED 56 218
R-ACCCCAACAGATCACAATCC
Crgi3 F-TGTAAAACGACGGCCAGTTAGGATGAGGCTGGCACCTTGGA NED 56 161~173
R-GCCTGCCTTGCCTTTGAGGAATA
uscCgi-210  F-TGTAAAACGACGGCCAGTTTCACAATGAAGATGACAGTGC NED 56 316

R-CCTCCTCTGCCTCCATATCA
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Panel 3 ucdCg-152 F-TGTAAAACGACGGCCAGTTGGTTTTGGAGCTTGGCTTA VIC 50 257
R-TCAAGCAAAGAAAGTCACCTCA
Crgi39 F-TGTAAAACGACGGCCAGTTTCCAAGTCCGTTTTGTCATCGT VIC 50 190~214
R-GTGCACAAACCCACCATCAGCTC
Crgi45 F-TGTAAAACGACGGCCAGTGAGTCACCATGAAGAGTATCTGAA VIC 50 158~164
R-ATGATTACATAACTCTGACCCAAT
Panel 4 otgfa0_000 F-TGTAAAACGACGGCCAGTTATCATCGCGGCAATTCGTG PET 50 279~295
7_B07 R-GCAACTTAGCTGGTCGTTCC
otgfa0_012 F-TGTAAAACGACGGCCAGTTGACTGTTCTTCGTACCCATCA PET 50 155
9_El1 R-AGGTGGAACGAGATTGCCTTT
Crgid F-TGTAAAACGACGGCCAGTCCAAAACACGATAAGATACACTTTC PET 50 235

R-GATCAGTCCCTCACATCTTTCCTC

T IR TR NG5 YA TR

Notes: bold are the different fluorescent dyes used

1.5 BEEOW

] SPSS 18.0 Al Excel Bxf Kt tl 7 AR KR A 7 G PR R U S HOH AT Y2 A0 FE, A6
IEASMEMT ZFF RS . RA] ASREML 3.0 27 A 29 R L2832 (REML) #E4T 18 4% S HOEAh
LA B YT -

Yip=utaigtliteix

A, s jo b IR RARG S . 8BRS S ZKRDPE & MERR S, Y 2 MR NE, o
s SR IE, ag & INPEBAE RURE, 1 AR RIBAL B, e RN ZE .«
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2.1 RIELERBERESIT

12 N B RSS2 A A 10.6, SFMMAEEN 0.62, FHMBELEE R 0.67,
ZEMEEESECPIONFHMERN 0.62, KMEEZEM. FHIT 10 000 KEACFE LT BRI
R, BEMEFZEN 99.98%. 1E 95%MEAEEFRAE R, 863 MMAHH 851 M AMAYE w B HACREA, 5K
brof 7% I E N 98.61%. KABBELRIER, 48 MR FRMEBFAEBR KER(E 2),
T 6~48. SEARTTRRF R m AL 2 5XAM 4 SEA, HEF T 48 11K

#2 ETHMIESRE RS EL
Tab.2 Number of progeny assigned to each of the 48 full-sib families based on microsatellite genotyping

E HEVESEA TS sire number
75

! 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
famil

numb
er

1 44744
14
2 48/39/
44
3 6/9/

4 12/10
5 35/41/
6 7/14/
7 12/6/
8 14/11/
22
9 31/6/

10 14/6/
15
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11 12/10

12 2477/

13 7/14/

14 26/28/

15 26/8/

16 8/6/

=i 102 131 21 29 90 35 24 47 43 35 30 69 41 90 43 21
total

I ZRRAFSHERR S a4, /- RIS 2R AP SRR REA P A ) A0

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

FRERE, HiFT 48 MFERWLEMKTIS L. o« A AE. H 12 SEEAM 4 SRXAEF
MAFME R b MEIFYIEER K N-85.93, T 47 SEEARM 16 5 XA LRGN AE B85
Ny 4218 1. MRS S ROFE KA R OSBAERMRE-FEE . Rt ZNE 7 R BGEE
3). FEAERKMRZSE D, SRENRRRIRE, N 39.62%, MHILZ T, &, ZRMRENERR
BSR4 16.51%~21.10%, Bt IAAR (] S 5 1 22 5 AW B . fEDUAN B SH0h LA AE 178 57
FHEOR, WM FRAMERBIESET L AE NZERTRWE, L'NZER TR MER AE Z571
KR a A bTHIAR R BN, N 3.70%~5.70%.

1 3 5 7 8 11 13 15 17 B M B/ B P W N 3 5 37 W o4 B oA oW TS T 9 M 1R S M om M ORI T WY MWW N WM A8 LT

o - _
o
T
5
1 3 5 7 90 ¥ 1 K 17T 9 M 7% 2% 77 2 31 33 35 37 30 41 1 &5 47 o 13 5 7 ¢ 1 B 1517 B8 M XX T NG E P08 4650
cmeTs sREFE
Fall sib Semilvee Frlsib familes.
L] o

B Kaks s e MR R AUE
@~@RVUH L' AE. a R BIB S A4 M5 R PR bR 25, JF T H B A S0 4

Fig.1 Shell color-related trait performance in terms of L*, a*, b*, and AE of C. gigas

Parameter values of L”, AE, a* and b" are showed in figure (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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F3 K4tprE AR A A K RSB R G 45
Tab. 3 Descriptive statistic of the orange shell color-related parameters (L*, a*, b and AE) and the growth-related traits of C. gigas

PEIR S i AR5 R Y%
trait mean SD (0\%
L 16.08 3.19 19.84
a -99.75 3.69 3.70
b* 91.15 5.20 5.70
AE 7.11 3.08 4332
FF/mm  SH 53.92 8.93 16.51
FoK/mm SL 34.60 7.19 20.78
Fo%/mm  SW 18.24 3.85 21.10
Blig/g TW 16.91 6.70 39.62

2.2 K4 UFFRAEMIRE L D MBEE X

ETFRARERENRE SRR, P H P8R ER 61 1 5 R ARE AT B8 /5. £ 4 A Eits
SHh, L' E it E&E, N 0.17£0.07; o« b"F AE ML A5 EE &, KIkN
0.474+0.23. 0.42+0.21 A1 0.56:0.29(FK 4). 5¢ €0 MRt S50 P 38 2 18] A 5GP 1) 22 7 B AR LA AH DG M (1)
B b, WAARITEARSCPER /N b, LY AE B85 AH DG FI R BUAH O IEAH DG, 38 4% AH DG R R Y AH %
WA 0.51£0.30 1 0.08+0.04, REKISMIL /N FIEAIKM: 0°5 L' o' AE WEA BRI G %
K, 40 505-0.79£0.24, -0.64+0.31 F1-0.68+0.52,

F4 KA GSHL o BHIAERBE S %), BUEME ALk BT M
FIRK LT

Tab.4 Heritabilies (in the diagonal), genetic correlations (above the diagonal) and phenotypic correlation (below the diagonal) of shell color
parameters of C. gigas

Ijazimeter L < d AE

L 0.17+0.07 0.86+0.45 -0.79+0.24 0.51+0.30
a” -0.09+0.04 0.47+0.23 -0.64+0.31 0.66+0.33
b 0.16+0.04 0.48+0.03 0.42+0.21 -0.68+0.52
AE 0.08+0.04 -0.3140.03 -0.45+0.03 0.56+0.29

23 KHGHREEREERERNBEABEXMREEX

Kt g 7 PR A KPR R AR AL MR SR TR 5. AE FIAERVEIR A8 % G AR A
MRB E, Hh, 5585, RRITGEEH R & T B2, EHEAN T-0.29~-023. £
L AARKMR . o AR MR B LA G, B LA & A S DLAh, HR B R BUR A ot
TEI AL M OR T T, LTRSS 1 FRE DG 1 5 3 -0.33+0.255 ERBUA LTI TH, o 558 %6 B A R A THE
BN 0.1120.04, b5 85 E A R AE (K9 0.01+0.03.

#5 ALY KR R 5 AR K2 ) AR AR )
Tab.5 Phenotypic and genetic correlation between the shell color and growth traits of

the improved orange shell line C. gigas

PEIR L a* b* AE

trait g p g p e p g p
Fefu/mm  SH -0.02+0.04 0.03£0.07 0.02+0.04 0.04+0.03 0.1740.12 0.09+0.04 -0.29+0.23 -0.02+0.09
Fef/mm 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
5% /mm  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

Mg/ TW -0.33+0.25 0.06+0.04 0.12+0.13 0.04+0.03 -0.1940.18 0.01+0.03 -0.05+0.08 -0.03+0.03
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WAL JIME K S ik £ 5 A b M E S8 24, EFEMEM T, EBEITEREE. MR
filE &7 I BA EEAER, WA R RIEE S SERIT SR A S BT, ET MRS REAR
MR REEITTE, BEHRH0 SR Wi e S0 S a2 N 2T I B & (Lates
calcarifer). A (Hypophthalmichthys molitrix)~ #8(Cyprinus carpio)% #aJ321-231, DL K K A4LwjRLH0) Hfify
(Haliotis asinine) P55 UK GNWNR IR R RN R WX RE T d . XM 5 8 T A [\ 4= [F] A0 8] i K &
I AEFEFEE LRI T, MUK T EMAEERA, EHR T RN KRy FERET MR
BH TP, =T T 8L SN AR R . AR RIS 12 X B AL e T K ST R R
AR R G BT WO 863 N MAHH 851 MU E B HACREAR, MINZEIE 98.61%, &1 W 55k
SRR SR AT 8 ANl TR AT fUORTIS AR SIS KA i A 11 AN R AL S A5 (0 5% 1 28 58
I, RPKRHFTIEAMMTEM S, HBEENZESEESE LI RFEAMN X RER. It
gb, R b, BASSE R A ) R AN R R R SR E I = A EME SIS, X AR
R REERNFRRF . EAERRZ, WX REERN SR LUK IR IR B b AR 2K R 8] 156
ARITERFE Z RIOK, W Re FEOL B HAAE PR /N TR, e AR . BRI, fEkE R
FIFH 43 A0 W 0B A 1 2R 1545 I B a0 A% AR A ) Tk B AR 11 M 5T A A R R
32 KR sERER DD

BEE KA 0GR . RS ERSEE BT GE, KEYish 7 Bt RS TR IR 5
Me ¥ o 3 (07 B m ar 27, Be B KAt e PO AR K R, AMERTLIH R T 2 R TR, el
KA a7 5 (PR B AR B B ST AR A R . BT, O T KA WAk 72 A MOIR 1 AL B X A OC QTL &
RLEEWE I COUAS T — R A0k P20, Rt 7o it 45 6 40 F 50 55 08 BOR AT VLR 58 B 68 B4k R Gefih
B0 JE KA R e MRS ), RS L o b AE WAL 1008 0.17. 0.47,
0.42. 0.56. TELARTIIBEFEA, BETUE K h2 < 0.15 RIS AL 71KF, 0.15 < h2< 0.3 KI5 A %%
BAET], k> 0.3 K AmEstE /R, vl L, 55 AR FE AR OGN LR ML ), ZBUE ST e
ZHWXIABEE R MR o b'y AEEFESEI gt 71, X 3 WA 4 0 1 76 MR 52 st
fER R BRI R, RO ERMERE T R ERRIE J1. aHh, R RIBFRI T AR
TN, HAREE T 2 MRS T 2 L, Wl RS SN B L ZH 5. Xu FUYHR Bvans
SV KL, e B8 A% S B VA AR B T RS IS AL . E A DR, IR SR BOIPE AL K =
MEEEEETR 1| BMBNREEESE L. o b'. AE'RBfE Ht 2 EZEKr, Wik T R5t
ik E Hx AT DU B 1)1 B B0UR
33 KHGEREREEKMERARBKED T

R E SR Pk RA R RMEEE L IR T 2R EEF5EIK, NNEEF
HOBT I R B APTTE. FEKT AR B I R, REE AR AR DR R R SR A, T A AR Y
AT 2 BUE ARG 3 BOLR RAE N SR A G R %A, A5 25 2 W& 1 1K 5 AN B & i) 1
R TE] FAH S U )0 5 AT AR F . Bt EELZAORF RS, FEITRE B AR EIR RIS
Pl m B P AE . RAVM ¢ £ B4 N AL A S FI BRSE AR SC I 8 43, Horbr, it A% A 5C A& H 22 AT ) 2 4
AP A PR RN L DR 22 201 T ) e, PR ) DE 38 AR A O 5 TR 1 B RO BOE B .

WG =25 DU, AR HOE T AR A A K MR A SRR R e il 7. B, JipE s
RGBSR LS5 KSHOREAH LN 0.49~0.91, FIHARE AT AT BEAHERE, T Wan 216
i I 76 4 A L0 Bt 2 B0 S % AR K I R TR g AR A 00 TE [ R -0.04~0.26, 3R Y A o6 T L O -
0.10~0.13, JoiEMFHAEK MR SEHN 52 S R M IR &, 78 = MM N 58 65 A KR 0 SG B 43
Frop /3 8] T AR ZE 1B R T, Kphbs 7o i s A K i R e A PRIR S AR KPR 2 A s A% A
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FRANGR A S 3 B AR, JEF A $7-0.33~0.17, AN FIAIT T p A 0 7 0 A AE A IR 1D 388 A% AH SR A7 AR R
KI 22 7] e A AR RIA B AN A I S IO AN R T 2 80 AN FRGEEE X IR . $h B I U AR A A
[, A=W 8] B o BCAF AR 22 7 o AE AR IR ZE A I 300, B AR 800 K/ o 388 A% 25 M F il 45 R th A 5
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