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　Silkworms typically have five larval instars, but the mod (dimolting) mutation causespreco-
cious larval-pupal metamorphosis in the third or fourth instar. Most mod larvae form larval-pupal inter-
mediates, but some individuals can become miniature moths with normal fertility. To elucidate the molecu-
lar mechanism that underlies plasticity in the number of larval instars, we identified and characterized the 
gene responsible for the mod mutation. 

　 This study identified the gene responsible for the dimolting (mod) mutant that under-
goes precocious metamorphosis with fewer larval–larval molts. We showed that a cyto-
chrome P450 gene CYP15C1 is responsible for mod and is essential for juvenile hormone 
(JH) biosynthesis. Precocious metamorphosis in mod larvae is caused by complete loss of 
JHs in the larval hemolymph. 
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We performed positional cloning of mod and found a null mutation in the cytochrome P450 gene 
CYP15C1 in the mod allele. 
A biochemical experiment showed that CYP15C1 epoxidizes farnesoic acid to JH acid in a highly 
stereospecific manner. 
We showed that the mod mutation results in complete loss of JHs in the larval hemolymph 
and that the mutant phenotype can be rescued when the wild-type allele of CYP15C1 was expressed 
in transgenic mod larvae using the GAL4/UAS system. 
We demonstrated that CYP15C1 plays an indispensable role in JH biosynthesis, and its molecular 
defect results in the loss of JHs in the hemolymph, thereby causing precocious metamorphosis in the 
mod strain. 
Precocious larval-pupal transitions in mod larvae always occur after the larval third instar, but 
not in the first or second instar. Our data provide evidence that authentic (epoxidized) JHs are 
essential for the classic “status quo” molting in late larval stages (third and fourth instar), but not in early 
larval stages (first and second instar) of B. mori. 

This JH–deficient mutation is the first described to date in any insect species and, therefore, 
the mod strain will serve as a useful model for elucidating the molecular mechanism of JH action. 
The JH biosynthetic reaction catalyzed by CYP15C1 is insect-specific and is therefore a potential 
target for biorational insecticides. 

Future prospects 1. 
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Identification of the gene responsible for the dimolting 
mutant of the silkworm Bombyx mori 
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Fig. 2. Characterization of CYP15C1 

CYP15C1 is specifically expressed in 
corpora allata (left). In the JH biosyn-
thetic pathway (right), CYP15C1 
epoxidizes ethyl-branched farnesoic 
acids (homo-FAs) produce JH acids 
(JHA). 

 

Fig. 3. Transgenic rescue experiments of mod 

Larvae carrying both ET14 (enhancer trap line 14) and UAS-CYP151 constructs entered the fifth larval instar 
and eventually formed larger adults. 
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Fig. 1. Precocious metamorphosis observed in mod larvae mod 
individuals form small cocoons and are able to develop into small 
but normal adults with normal fertility. Upper, wild type; lower, 
mod. 


