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suggested that total weight and black shell should be taken as joint
objective traits to optimize the selection strategy in selective breeding
program. Through comparative transcriptome analysis, some potential
shell coloration genes and related molecular mechanisms were revealed
in four shell color variants of C. gigas (Feng et al., 2015). Despite these
progresses, the knowledge of shell color formation and inheritance we
have known is still limited for C. gigas.

Identifying quantitative trait loci (QTLs) or the genes responsible for
shell pigmentation would provide insights into understanding the ge-
netic mechanism of shell coloration. Furthermore, QTLs could be ap-
plied in marker-assisted selection (MAS) for C. gigas to acc















https://doi.org/10.1016/j.aquaculture.2018.04.018
https://doi.org/10.1016/j.aquaculture.2018.04.018
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0005
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0005
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0005
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0010
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0010
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0015
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0015
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0015
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0020
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0020
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0020
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0025
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0025
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0030
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0030
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0030
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0035
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0035
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0035
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0040
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0040
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0040
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0050
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0050
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0055
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0060
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0065
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0065
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0070
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0070
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0070
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0080
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0080
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0085
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0085
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0085
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0085
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0090
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0090
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0090
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0095
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0095
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0100
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0100
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0100
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0105
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0105
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0110
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0110
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0110
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0115
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0115
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0115
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0125
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0125
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0125
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0130
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0130
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0130
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0135
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0135
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0135
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0140
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0140
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0145
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0145
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0150
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0155
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0155
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0160
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0160


Hedgecock, D., Shin, G., Gracey, A.Y., Van Den Berg, D., Samanta, M.P., 2015. Second-
generation linkage maps for the pacific oyster Crassostrea gigas reveal errors in as-
sembly of genome scaffolds. Genes Genom. Genet. 5, 2007–2019.

Hillier, L.W., Marth, G.T., Quinlan, A.R., Dooling, D., Fewell, G., Barnett, D., Fox, P.,
Glasscock, J.I., Hickenbotham, M., Huang, W., 2008. Whole-genome sequencing and
variant discovery in C. elegans. Nat. Methods 5, 183–188.

Hubert, S., Hedgecock, D., 2004. Linkage maps of microsatellite DNA markers for the
Pacific oyster Crassostrea gigas. Genetics 168, 351–362.

Hubert, S., Cognard, E., Hedgecock, D., 2009. Centromere mapping in triploid families of
the Pacific oyster Crassostrea gigas (Thunberg). Aquaculture 288, 172–183.

Jin, Y.-L., Kong, L.-F., Yu, H., Li, Q., 2014. Development, inheritance and evaluation of 55
novel single nucleotide polymorphism markers for parentage assignment in the
Pacific oyster (Crassostrea gigas). Genes Genom. 36, 129–141.

Kang, J.-H., Kang, H.-S., Lee, J.-M., An, C.-M., Kim, S.-Y., Lee, Y.-M., Kim, J.-J., 2013.
Characterizations of shell and mantle edge pigmentation of a Pacific oyster,
Crassostrea gigas, in Korean Peninsula. Asian Austral. J. Anim. 26, 1659.

Kobayashi, T., Kawahara, I., Hasekura, O., Kijima, A., 2004. Genetic control of bluish
shell color variation in the Pacific abalone, Haliotis discus hannai. J. Shellfish Res. 23,
1153–1157.

Kocher, T.D., Kole, C., 2008. Genome Mapping and Genomics in Fishes and Aquatic
Animals. Springer, New York.

Kosambi, D.D., 2016. The estimation of map distances from recombination values. Ann.
Eugenics 12, 172–175.

Lanteri, S., Acquadro, A., Comino, C., Mauro, R., Mauromicale, G., Portis, E., 2006. A first
linkage map of globe artichoke (Cynara cardunculus var. scolymus L.) based on AFLP,
S-SAP, M-AFLP and microsatellite markers. Theor. Appl. Genet. 112, 1532–1542.

Launey, S., Hedgecock, D., 2001. High genetic load in the Pacific oyster Crassostrea gigas.
Genetics 159, 255–265.

Lerman, L.S., Silverstein, K., 1987. Computational simulation of DNA melting and its
application to denaturing gradient gel electrophoresis. Methods Enzymol. 155,
482–501.

Li, L., Guo, X., 2004. AFLP-based genetic linkage maps of the Pacific oyster Crassostrea
gigas Thunberg. Mar. Biotechnol. 6, 26–36.

Li, L., Xiang, J., Liu, X., Zhang, Y., Dong, B., Zhang, X., 2005. Construction of AFLP-based
genetic linkage map for Zhikong scallop, Chlamys farreri Jones et Preston and map-
ping of sex-linked markers. Aquaculture 245, 63–73.

Li, Q., Yu, H., Yu, R., 2006. Genetic variability assessed by microsatellites in cultured
populations of the Pacific oyster (Crassostrea gigas) in China. Aquaculture 259,
95–102.

Li, Q., Wang, Q., Liu, S., Kong, L., 2011. Selection response and realized heritability for
growth in three stocks of the Pacific oyster Crassostrea gigas. Fish. Sci. 77, 643–648.

Liu, X., Wu, F., Zhao, H., Zhang, G., Guo, X., 2009. A novel shell color variant of the
Pacific abalone Haliotis discus hannai Ino subject to genetic control and dietary in-
fluence. J. Shellfish Res. 28, 419–424.

Liu, T., Li, Q., Song, J., Yu, H., 2017. Development of genomic microsatellite multiplex
PCR using dye-labeled universal primer and its validation in pedigree analysis of
Pacific oyster (Crassostrea gigas). J. Ocean U. China 16, 151–160.

Luttikhuizen, P., Drent, J., 2008. Inheritance of predominantly hidden shell colours in
Macoma balthica (L.) (Bivalvia: Tellinidae). J. Molluscan Stud. 74, 363–371.

Lyttle, T.W., 1991. Segregation distorters. Annu. Rev. Genet. 25, 511–581.
Mann, R., 1991. The decline of the Virginia oyster fishery in Chesapeake Bay: con-

siderations for introduction of a non-endemic species, Crassostrea gigas (Thunberg,
1793). J. Shellfish Res. 10, 379–388.

Marcel, T.C., Varshney, R.K., Barbieri, M., Jafary, H., Kock, M.J.D.D., Graner, A., Niks,
R.E., 2007. A high-density consensus map of barley to compare the distribution of
QTLs for partial resistance to Puccinia hordei and of defence gene homologues. Theor.
Appl. Genet. 114, 487–500.

Mendoza, F., Dejmek, P., Aguilera, J.M., 2006. Calibrated color measurements of agri-
cultural foods using image analysis. Postharvest Biol. Technol. 41, 285–295.

Moen, T., Baranski, M., Sonesson, A.K., Kjøglum, S., 2009. Confirmation and fine-map-
ping of a major QTL for resistance to infectious pancreatic necrosis in Atlantic salmon
(Salmo salar): population-level associations between markers and trait. BMC
Genomics 10, 368.

Nell, J.A., 2001. The history of oyster farming in Australia. Mar. Fish. Rev. 63, 14–25.
Orensanz, J.M.L., Schwindt, E., Pastorino, G., Bortolus, A., Casas, G., Darrigran, G., Elías,

R., Gappa, J.J.L., Obenat, S., Pascual, M., 2002. No longer the pristine confines of the
world ocean: a survey of exotic marine species in the southwestern Atlantic. Biol.
Invasions 4, 115–143.

Petersen, J.L., Baerwald, M.R., Ibarra, A.M., May, B., 2012. A first-generation linkage map
of the Pacific lion-paw scallop (Nodipecten subnodosus): initial evidence of QTL for
size traits and markers linked to orange shell color. Aquaculture 350, 200–209.

Peterson, B.K., Weber, J.N., Kay, E.H., Fisher, H.S., Hoekstra, H.E., 2012. Double digest
RADseq: an inexpensive method for de novo SNP discovery and genotyping in model
and non-model species. PLoS One 7, e37135.

Picoult-Newberg, L., Ideker, T.E., Pohl, M.G., Taylor, S.L., Donaldson, M.A., Nickerson,
D.A., Boyce-Jacino, M., 1999. Mining SNPs from EST databases. Genome Res. 9,
167–174.

Plough, L.V., Hedgecock, D., 2011. Quantitative trait locus analysis of stage-specific in-
breeding depression in the Pacific oyster Crassostrea gigas. Genetics 189, 1473–1486.

Qi, H., Song, K., Li, C., Wang, W., Li, B., Li, L., Zhang, G., 2017. Construction and eva-
luation of a high-density SNP array for the Pacific oyster (Crassostrea gigas). PLoS One
12, e0174007.

Qin, Y., Liu, X., Zhang, H., Zhang, G., Guo, X., 2007. Identification and mapping of AFLP
markers linked to shell color in bay scallop, Argopecten irradians irradians (Lamarck,
1819). Mar. Biotechnol. 9, 66–73.

Reed, G.H., Wittwer, C.T., 2004. Sensitivity and specificity of single-nucleotide

polymorphism scanning by high-resolution melting analysis. Clin. Chem. 50,
1748–1754.

Reed, G.H., Kent, J.O., Wittwer, C.T., 2007. High-resolution DNA melting analysis for
simple and efficient molecular diagnostics. Pharmacogenomics 8, 597–608.

Sauvage, C., Bierne, N., Lapegue, S., Boudry, P., 2007. Single nucleotide polymorphisms
and their relationship to codon usage bias in the Pacific oyster Crassostrea gigas. Gene
406, 13–22.

Sauvage, C., Boudry, P., De Koning, D.J., Haley, C.S., Heurtebise, S., Lapègue, S., 2010.
QTL for resistance to summer mortality and OsHV-1 load in the Pacific oyster
(Crassostrea gigas). Anim. Genet. 41, 390–399.

Semagn, K., Bjørnstad, Å., Ndjiondjop, M.N., 2006. An overview of molecular marker
methods for plants. Afr. J. Biotechnol. 5 (25), 2540–2568.

Shattuck-Eidens, D.M., Bell, R.N., Neuhausen, S.L., Helentjaris, T., 1990. DNA sequence
variation within maize and melon: observations from polymerase chain reaction
amplification and direct sequencing. Genetics 126, 207–217.

Shi, M., Lin, Y., Xu, G., Xie, L., Hu, X., Bao, Z., Zhang, R., 2013. Characterization of the
Zhikong scallop (Chlamys farreri) mantle transcriptome and identification of biomi-
neralization-related genes. Mar. Biotechnol. 15, 706–715.

Shi, Y., Wang, S., Gu, Z., Lv, J., Zhan, X., Yu, C., Bao, Z., Wang, A., 2014. High-density
single nucleotide polymorphisms linkage and quantitative trait locus mapping of the
pearl oyster, Pinctada fucata martensii

http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0165
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0165
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0165
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0170
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0170
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0170
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0175
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0175
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0180
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0180
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0185
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0185
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0185
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0190
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0190
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0190
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0195
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0195
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0195
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0200
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0200
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0205
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0205
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0210
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0210
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0210
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0215
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0215
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0220
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0220
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0220
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0225
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0225
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0230
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0230
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0230
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0235
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0235
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0235
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0240
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0240
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0245
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0245
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0245
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0250
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0250
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0250
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0255
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0255
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0260
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0265
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0265
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0265
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0270
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0270
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0270
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0270
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0275
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0275
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0280
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0280
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0280
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0280
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0285
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0290
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0290
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0290
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0290
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0295
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0295
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0295
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0300
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0300
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0300
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0305
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0305
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0305
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0310
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0310
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0315
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0315
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0315
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0320
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0320
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0320
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0325
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0325
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0325
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0330
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0330
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0335
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0335
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0335
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0340
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0340
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0340
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0345
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0345
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0350
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0350
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0350
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0355
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0355
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0355
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0360
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0360
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0360
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0365
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0365
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0370
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0370
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0370
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0375
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0375
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0380
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0380
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0380
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0385
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0385
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0390
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0390
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0390
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0395
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0395
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0395
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0405
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0405
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0410
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0410
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0410
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0415
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0415
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0415
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0420
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0420
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0425
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0425
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0425
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0430
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0430
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0430
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0435
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0435
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0435
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0435
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0440
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0440
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0440
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0445
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0445
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0445
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0450
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0450
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0450
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0455
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0455
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0460
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0460
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0460
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0465
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0465
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0470
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0470
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0470
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0475
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0475
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0480
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0480
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0485
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0485
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0490
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0490


Zhan, X., Wen, H., Shi, Y., Gu, Z., Wang, A., 2016. Association between novel EST-SNPs
and commercial traits in Pinctada fucata martensii. Aquacult. Rep. 3, 209–213.

Zhang, G., Fang, X., Guo, X., Li, L., Luo, R., Xu, F., Yang, P., Zhang, L., Wang, X., Qi, H.,
Xiong, Z., Que, H., Xie, Y., Holland, P.W.H., Paps, J., Zhu, Y., Wu, F., Chen, Y., Wang,
J., Peng, C., Meng, J., Yang, L., Liu, J., Wen, B.Z., Na, Z., Huang, Z., Zhu, Q., Feng, Y.,
Mount, A., Hedgecock, D., Xu, Z., Liu, Y., Domazet-Lošo, D., Du, Y., Sun, X., Zhang, S.,
Liu, B., Cheng, P., Jiang, X., Li, J., Fan, D., Wang, W., Fu, W., Wang, T., Wang, B.,
Zhang, J., Peng, Z., LI, Y., Li, N., Wang, J., Chen, M., He, Y., Tan, F., Song, X., Zhang,
Q., Huang, R., Yang, H., Du, X., Chen, L., Yang, M., M, G.P., Wang, S., Luo, L., She, Z.,
MIng, Y., Huang, W., Zhang, S., Huang, B., Zhang, Y., Qu, T., Ni, P., Miao, G., Wang,
J., Wang, Q., Steinberg, C.E.M., Wang, H., Li, N., Qian, L., Zhang, G., Li, Y., Yang, H.,
Liu, X., Wang, J., Yin, Y., Wang, J., 2012. The oyster genome reveals stress adaptation
and complexity of shell formation. Nature 490, 49–54.

Zheng, X., Kuang, Y., Lv, W., Cao, D., Zhang, X., Li, C., Lu, C., Sun, X., 2013. A consensus
linkage map of common carp (Cyprinus carpio L.) to compare the distribution and
variation of QTLs associated with growth traits. Sci. China Life Sci. 56, 351–359.

Zhong, X., Li, Q., Yu, H., Kong, L., 2013. Development and validation of single-nucleotide
polymorphism markers in the Pacific Oyster, Crassostrea gigas, using high-resolution
melting analysis. J. World Aquacult. Soc. 44, 455–465.

Zhong, X., Li, Q., Guo, X., Yu, H., Kong, L., 2014a. QTL mapping for glycogen content and
shell pigmentation in the Pacific oyster Crassostrea gigas using microsatellites and
SNPs. Aquac. Int. 22, 1877–1889.

Zhong, X., Li, Q., Yu, H., Kong, L., 2014b. SNP mining in Crassostrea gigas EST data:
transferability to four other Crassostrea species, phylogenetic inferences and outlier
SNPs under selection. PLoS One 9, e108256.

J. Wang et al. Aquaculture 492 (2018) 226–236

236

http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0495
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0495
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0500
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0500
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0500
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0500
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0500
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0500
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0500
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0500
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0500
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0500
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0500
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0505
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0505
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0505
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0510
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0510
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0510
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0515
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0515
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0515
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0520
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0520
http://refhub.elsevier.com/S0044-8486(17)32401-8/rf0520

	An integrated genetic map based on EST-SNPs and QTL analysis of shell color traits in Pacific oyster Crassostrea gigas
	Introduction
	Materials and methods
	Mapping families and parental assignment
	Growth traits measurement and image capture
	Traits data analysis
	EST-SNP development and genotyping
	Genetic map construction and QTL analysis

	Results
	Phenotypic data analysis
	Segregation of SNP markers
	Genetic linkage maps
	Maps integration
	QTL mapping for shell color and growth traits
	QTL annotation and comparative mapping analysis

	Discussion
	Acknowledgements
	References




