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ABSTRACT 

Shell coloration in many molluscs is highly variable. A shell color segregation study 

with progenies from a full factorial cross generated among Pacific oysters exhibiting 

distinct shell colors (golden, white and black) was conducted to investigate the 

inheritance of the golden shell color and its correlation with dark pigmentation. 

Random samples from twenty-three full-sib families were obtained and the shell 

coloration of offspring within each family was recorded. Results revealed that golden 

coloration was inherited in a different pattern from dark pigmentation, indicating its 

different genetic basis. Dark pigmentation was identified as a foreground color while 

golden or white color were background ones. The locus controlling background colors 

has two alleles with the allele for golden background being dominant to the allele for 

white background. In addition, the overlying foreground pigmentation of shells with a 

golden background was significantly lighter than that of shells with a white 

background, which suggested an epistatic effect of background color on shell 

foreground pigmentation. All these findings will facilitate the selection of elite oyster 

lines with desired shell coloration for aquaculture. 

 

Keywords: Pacific oyster; Crassostrea gigas; Shell color; Inheritance; epistatic 

 

1. Introduction 

 

Molluscs are a large group of invertebrate animals presenting variable shell 

shapes and colorations, which have attracted many naturalists and collectors. 

Moreover, consumers tend to choose live seafood in the market according to their 

colors, which endows the coloration with product value of great importance (Alfnes et 

al., 2006). Pacific oyster (Crassostrea gigas) has the largest production among all 

cultured aquatic animals（FAO，2011）and its coloration is of interest to the whole 

oyster industry (Brake, et al., 2004; Kang, et al., 2013). The oysters with golden shell 

coloration are rarely seen in the market and are sold at much higher prices than others 

(Nell, 2001). In our selective breeding practice of Pacific oyster, we obtained a 

number of golden shell variants, and established a set of full-sib families using these 
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golden shell oysters as parents (Cong et al., 2014). These provided great materials to 

unravel the genetic basis of the golden coloration that remains unknown at present.  

Mollusca shell color is known to be inheritable and affected by environmental 

factors, such as lights, salinity and substratum (Heath, 1975; Lindberg and Pearse, 

1990; Sokolova and Berger, 2000). Several studies investigating the genetic basis of 

shell coloration with limited data from experimental crosses reported one or two loci 

with dominance to control shell coloration (Cole, 1975; Innes and Haley, 1977; 

Adamkewicz and Castagna, 1988; Wada and Komaru, 1990; Winkler, et al., 2001; 

Kobayashi, et al., 2004; Liu, et al., 2009; Zheng et al., 2012). 

Pacific oyster shell pigmentation exhibits a continuous variation from near-white, 

pigment-free shells to near-black, fully pigmented shells, which was defined as 

foreground pigmentation. The shell pigmentation has been considered as a 

quantitative trait that is controlled by many genes with small-effects (Imai and Sakai, 

1961; Brake et al., 2004; Evans et al., 2009). However, in some cases, only a small 

amount of major genes were identified to control shell coloration (Hedgecock et al., 

2006; Evans et al., 2009). Our recent study also identified a SCAR marker which was 

well correlated with Pacific oyster shell pigmentation of black and white, suggesting a 

major locus that is responsible for foreground pigmentation (Ge et al., 2014). 

However, the genetic basis and mechanism of shell coloration in Pacific oyster is still 

inconclusive, especially for specific colors, such as golden coloration, which is clearly 

different from those dark pigmentation phenotypically. Does golden coloration 

possess a 
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2.1 Parental source 

 

One-year-old oysters with desired shell coloration were selected from nine full-sib 

families to conduct cross mating. All families were the first-generation selective 

families and were produced using wild oysters with specific shell colors in Rushan, 

China (Cong et al., 2014). Oysters with three shell coloration patterns were used as 

parents in this study (Fig. 1), including those with golden shell (G) and two extreme 

foreground pigmentation patterns of solid white shell (W) and solid black shell (B).  

 

2.2 Mating experiment and rearing 
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2.3 Shell coloration record 

 

Offspring samples were collected randomly from all families at 410 days 

post-fertilization in summer 2012. All sampled oysters were shucked, with shells 

washed and brushed thoroughly with freshwater. The shell background color was 

recorded as golden or not (i.e., white), while the foreground pigmentation was 

recorded as five categories with five index numbers, according to Imai and Sakai 

(1961). The categories were described as follow: 

0—Whole surface has no dark coloration; 

1—A small part of shell is dark colored; 

2—Nearly half part of shell is dark colored; 

3—Most part of shell is dark colored; 

4—All part is dark colored. 

 

2.4 Statistical analysis 

 

The proportions of shell background color in the progeny were analyzed with the 

assumption that the single locus-two-allele model is the major determinant for shell 

color. The fit of the phenotypic frequencies to the expected frequencies under the 

proposed model of inheritance was tested using the Chi-squared test for 

goodness-of-fit. Fisher’s exact test of independence was used to test the association of 

shell foreground pigmentation and shell background color. 

 

3. Results and discussion 

 

Twenty-three full-sib families were obtained eventually, with four families lost 

during the grow-out stage. Several representative shell color morphs in the offspring 

were shown in Figure 2. It is clear that dark pigmentation present in the surface of 

both white and golden shells. Golden coloration tends to be distributed all over the 

shell, while dark pigmentation is only mottled some area or banded radially in the 
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surface (Fig. 2). All these observations support the hypothesis that golden coloration 

follow a different pattern from black pigmentation, which is named as the background 

color (golden or white) to distinguish the foreground dark pigmentation.  

As shown in Table 1, the presence of golden background color was dominant over 

its absence (white). Each of the three golden families (families 1–3) produced both 

golden and white offspring in a ratio closely approaching 3:1. In contrast, none of the 

white background families (families 4–9, 19–23) produced golden offspring. Families 

10–18, cross matings between golden oysters and different overlying pigmentation 

oysters, resulted in background color of offspring at ratios that were not different from 

1:1. These observations clearly support the hypothesis that the two background colors 

are controlled by one locus, with one allele for golden background being dominant to 

the other allele for white. This result is consistent with the observation of Nell (2001) 

that true breeding oysters with golden shell and mantle were obtained after a few 

generations of selection. Similar inheritance model has also been reported in the bay 

scallop (Argopecten irradians) that yellow background color versus its absence 

appears to be inherited as a single gene with absence (white) being recessive 

(Adamkewicz and Castagna, 1988).  

Independence tests indicated that shell foreground pigmentation was significantly 

related to shell background color in families 1–3 and 10-18, except families 10 and 16 

(Table 2). In general, there were more golden offspring with lighter foreground 

pigmentation (pigmentation index: 0 and 1), whilst more white offspring with darker 

foreground pigmentation (pigmentation index: 2-4; Table 2). These all point to a 

tentative hypothesis that the background locus may be epistatic to one or more 

pigmentation genes which only are permitted to express when the allele is for white 

background. This has also been reported in the bay scallop as all the offspring with 

white background color had dark mottling on their shells, whereas none of the orange 

offspring followed this pattern in that study (Adamkewicz and Castagna, 1988). 

In conclusion, our results demonstrated that the shell background color of Pacific 

oyster is controlled by one locus with two alleles and that the allele for golden 

background is dominant to the allele for white. Additionally, the oyster shell 
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background color may have an epistatic effect on its foreground pigmentation. These 

results suggested major implications for the selection of oyster lines with desired shell 

coloration. 
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Figure legends 

 

Fig. 1 Representative parents of three shell coloration patterns. G = Golden; W = 

White; B = Black. 

Fig. 2 Representative shell color morphs of offspring. (A) Offspring with white 

background and different foreground pigmentation (pigmentation index: 0-4); (B) 

Offspring with golden background and different foreground pigmentation 

(pigmentation index: 0-3). 
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Fig. 1 
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Fig. 2  
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Table 1  

Shell background color of the offspring from 23 crosses among three shell color 

patterns of C. gigas. 

Family 

no. 

Parents
a 

 

Background color 

of offspring    

Female Male 
 

Golden White Total 
Expected 

ratio 
χ

2 
(P value) 

1 G1 G4 
 

42 16 58 3:1 0.649 

2 G2 G5 
 

92 30 122 3:1 0.917 

3 G3 G6 
 

51 20 71 3:1 0.537 

4 W1 W4 
 

0 45 45 0:1 NA 

5 W2 W5 
 

0 44 44 0:1 NA 

6 W3 W6 
 

0 70 70 0:1 NA 

7 B1 B4 
 

0 53 53 0:1 NA 

8 B2 B5 
 

0 45 45 0:1 NA 

9 B3 B6 
 

0 38 38 0:1 NA 

10 G1 W4 
 

61 49 110 1:1 0.253  

11 W1 G4 
 

35 34 69 1:1 0.904  

12 G3 W6 
 

29 28 57 1:1 0.895  

13 W3 G6 
 

19 20 39 1:1 0.873  

14 G1 B4 
 

26 28 54 1:1 0.700  

15 G2 B5 
 

25 23 48 1:1 0.773  

16 B2 G5 
 

26 34 60 1:1 0.302  

17 G3 B6 
 

33 30 63 1:1 0.705  

18 B3 G6 
 

46 42 88 1:1 0.670  

19 W1 B4 
 

0 61 61 0:1 NA 

20 B1 W4 
 

0 60 60 0:1 NA 

21 W2 B5 
 

0 58 58 0:1 NA 

22 B2 W5 
 

0 6
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Table 2  

Independence tests of the association of shell foreground pigmentation (pigmentation 

index: 0-4) and background color (ie. golden and white) within 12 families. 

Family 

no. 

Parents Background 

color type 

Foreground pigmentation  
Total 

P 

value†  ♀ ♂ 0 1 2 3 4 

1 G1 G4 Golden 9 17 8 8 0 42 0.001  

   
White 0 2 12 2 0 16 

 
2 G2 G5 Golden 38 52 2 0 0 92 0.000  

   
White 5 14 9 2 0 30 

 
3 G3 G6 Golden 21 21 7 2 0 51 0.000  

   
White 1 6 6 6 1 20 

 
10 G1 W4 Golden 26 31 4 0 0 61 0.067  

   
White 12 28 7 2 0 49 

 
11 W1 G4 Golden 17 11 7 0 0 35 0.005  

   
White 5 13 12 4 0 34 

 
12 G3 W6 Golden 9 10 10 0 0 29 0.011  

   
White 6 5 9 8 0 28 

 
13 W3 G6 Golden 6 9 4 0 0 19 0.000  

   
White 1 2 12 5 0 20 

 
14 G1 B4 Golden 0 4 10 12 0 26 0.001  

   
White 0 0 6 13 9 28 

 
15 G2 B5 Golden 2 6 14 3 0 25 0.000  

   
White 0 5 3 7 8 23 

 
16 B2 G5 Golden 3 8 11 4 0 26 0.250 

   
White 0 10 14 8 2 34 

 
17 G3 B6 Golden 1 12 15 5 0 33 0.000  

   
White 0 1 8 10 12 31 

 
18 B3 G6 Golden 2 22 17 5 0 46 0.000  

      White 0 1 22 13 6 42   

Total   Golden 134 203 109 39 0 485 0.000‡ 

   White 30 87 120 80 38 355  

† P values were calculated with the use of Fisher’s exact test. 

‡ The P value was based on Chi-squared test. 
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Highlights 

1. One-locus-two-allele inheritance of shell background coloration was 

demonstrated. 

2. The background allele for golden coloration is dominant to the other allele for 

white. 

3. Epistatic effect of background color on foreground pigmentation was found. 


