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1. Introduction 
  Many bilateral animals show left-right (LR) asymmetry in their internal organs.  In 
vertebrates, the mechanisms of the LR axis formation are well understood.  However, 
cellular basis of how LR asymmetric morphology is generated are still elusive, although 
the mechanisms of LR polarity formation began to be understood.  To elucidate the 
mechanisms controlling LR asymmetric development, we have been studying the genetic 
pathway responsible for this process in Drosophila melanogaster. 
 
2. Myo31DF gene reverses the default handedness in visceral organs 
  Drosophila has various LR 
asymmetric organs in their body, 
such as the gut, testes, brain, 
and male genitalia.  Among 
them, the embryonic gut is the 
first organ that shows LR 
asymmetry during Drosophila 
development.  The embryonic 
gut is composed of three major 
parts, the foregut, midgut, and 
hindgut, all of which have 
characteristic LR asymmetry 
(Fig.1A).  To identify genes 
involved in the LR asymmetry of the Drosophila embryonic gut, we performed a 
saturation genetic screen for mutants affecting the LR asymmetry of this organ.  Among 
them, we found that Myosin31DF (Myo31DF) mutant embryos show the synchronous 
reversion of LR asymmetry in their midgut and hindgut, although their 
tissue-specification was normal (Fig.1B)(2).  Myo31DF encodes Drosophila MyosinID 
(MyoID), which is the first actin-based motor protein to be implicated in LR asymmetry.  
Myo31DF homozygotes were viable and fertile.  Interestingly, in the adult flies 
homozygous for Myo31DF, the loop of the hindgut, the spiral of the testes, and the 
direction of the male genitalia rotation were also reversed (2, 3).  These results suggest 
that Myo31DF function is largely restricted to the LR asymmetric development.   

 
Fig.1 Myo31DF mutation reverses the handedness 
of the embryonic gut.  (A) Wild-type embryo. (B) 
Myo31DF mutant embryo. 

 
 

 
 



 

 
 

3. Planar cell-shape chirality contributes to LR asymmetric epithelial morphogenesis. 
  To understand the cellular mechanisms how LR asymmetric morphology is generated, 
we analyzed the LR polarity in the shape of hindgut epithelial cells during LR 
asymmetric morphogeneis of the embryonic hindgut, which makes a 90 degrees 
left-handed rotation in wild-type embryos.  Our imaging analysis revealed that the 
shape of these cells at the apical plane of the hindgut epithelial tube showed LR bias 
before the left-handed rotation.  Consistent with this observation, we also found that the 
position of centrosomes in the hindgut epithelial cells showed LR bias, indicating the 
presence of planar LR polarity in these cells.  We refer to this LR biased cell shape as 
“planar cell chirality (PCC)”.  In Myo31DF mutant embryos, which show reversed LR 
asymmetry in the hindgut, the PCC was reversed.  We also found that the PCC of 
epithelial cells were randomized in Drosophila E-cadherin (DE-cad) mutant embryos in 
which the laterality of the hindgut is randomized.  The distribution of DE-cad protein in 
the apical cell-boundaries showed LR bias, which may account for the formation of PCC.  
Using in silico simulation, we demonstrated that PCC was sufficient to induce the 
left-handed rotation of the hindgut epithelium tube.   
 
 
Conclusion 
  The mechanisms by which LR asymmetric morphology of animal organs is formed are 
still elusive.  In this study , we found that Myo31DF and DE-cad are involved in the LR 
asymmetric morphogenesis of Drosophila embryonic hindgut.  These two genes are 
required for the formation of intrinsic cell-shape chirality (PCC) before LR asymmetric 
morphogenesis of this organ.  Our computer model suggests that the PCC is sufficient to 
account for this LR asymmetric morphogenesis.  We provide a novel model that connects 
a change at the cellular level with the morphogenesis of organs  
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