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Introduction 

A large number of quantitative trait locus (QTL) analyses have been performed on growth-, 

meat-, egg-, behavior- and disease-related traits in chickens (e.g., Abasht et al., 2006; Hu et 

al., 2007). However, for egg internal traits several QTL studies have been performed 

(Wardecka et al., 2003; Tuiskula-Haavisto et al., 2004; Hansen et al., 2005; Honkakukia et 

al., 2005; Schreiweis et al., 2006; Abasht et al., 2009). In addition, most studies have 

focused on detection of QTLs with main effects only. In this study, we report QTLs with 

main effects and epistatic interaction effects on egg internal traits in a unique F2 family using 

the Japanese Large Game chicken breed, Oh-Shamo.  

Material and Methods 

Resource family. F1 chickens were produced by parental crosses of an Oh-Shamo male and 

three White Leghorn females. In total 421 F2 hens were produced by full-sib matings of F1 

birds (4 males and 19 females). 

 

Marker typing. 147 microsatellite markers on 27 linkage groups were genotyped using an 

automated DNA sequencer. 

 

Phenotypic data. Egg internal traits include albumen height (AH), albumen weight (AW), 

the length of the long axis of the thick albumen (LTA), the length of the short axis of the 

thick albumen (STA), yolk height (YH), yolk weight (YW), diameter of the yolk (YD) and 

L
*
, a

*
 and b

*
 values of the yolk color (YCL, YCA and YCB). 

 

QTL analyses. QTL analyses were performed with Map Manager QTX b20 (Manly et al., 

2001). QTLs with main effects and epistatic interaction effects were detected by simple 

interval mapping and two-way analysis of variance (ANOVA), respectively. Experiment-

wise 5% significant thresholds were calculated by 1,000 permutations. 
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Results and discussion 

Four QTLs with main effects on egg albumen-related traits (AH, AW, LTA and STA) were 

detected on chromosomes 8 and 9. Nine QTLs with main effects on egg yolk-related traits 

(YH, YW, YD, YCL and YCB) were found on chromosomes 3, 4, 8, 27 and Z. These QTLs 

appear to be new, because of no previous reports on these chromosomes (Table 1). 

Furthermore, 3 novel pairs of QTLs with epistatic interaction effects on egg yolk-related 

traits were discovered on chromosomes 5, 8 and 15.  

 

Table 1: Comparison of significant QTLs with main effects on egg internal traits 

detected in the present study with those of previous studies 

Trait
1
 Chromosome Chromosome References

2
 

  (this study) (previous reports)   

AH 9 1, 2, 3, 5, 18, 19, 23, Z (2)-(6) 

AW 8 3, 4 (1), (5) 

LTA 8 - - 

STA 8 - - 

YH 8, Z - - 

YW 8, Z 1, 2, 3, 4, 11, 13, 25 (1), (6) 

YD 8, Z - - 

YCL 3, 27 - - 

YCB 4 - - 
1 AH = albumen height, AW = albumen weight, LTA = the length of the long axis of the thick albumen, STA 
= the length of the short axis of the thick albumen, YH = yolk height, YW = yolk weight, YD = diameter of 

the yolk, YCL = L* value of the yolk color, YCB = b* value of the yolk color, - = no previous report.  
2 (1) Wardecka et al., 2003, (2) Tuiskula-Haavisto et al., 2004, (3) Hansen et al., 2005, (4) Honkakukia et al., 
2005, (5) Schreiweis et al., 2006, (6) Abasht et al., 2009. 

 

 

Conclusion 

This study revealed that egg internal traits are controlled by main-effect QTLs as well as 

epistatic QTLs. This study will be the first step to understand the complex genetic basis of 

the egg-related traits. 
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