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Environmental stimuli regulate various aspects of animal development, but how
developmental decisions are influenced by external environmental stimuli remains to be
studied. The dauer larva of the nematode Caenorhabditis elegans serves as a good model
system to study this issue. Under favorable conditions, C. elegans develops successively
through four larval stages (LL1-L4) to the reproductive adult in three days. However, under
unfavorable conditions, it forms an alternative third-stage larva called dauer larva and arrest
development. The dauer larva can survive for several weeks to months without aging, while the
adult animal can live only for about two weeks. When favorable conditions are encountered,
the dauer larva begins to feed and resumes development to the adult stage. It is known that the
decision to enter the dauer stage is regulated by three environmental signals: food, temperature,
and a dauer-inducing pheromone that reflects population density. At least two of them, food
and dauer pheromone, are thought to be sensed by chemosensory neurons with ciliated endings
directly exposed to the external environment. The sensory neurons that participate in dauer
formation have been identified by laser microsurgery. When sensory neurons ADF, ASG, AS],
and ASJ are killed at the L1 stage, wild type animals become dauer larvae and arrest
development regardless of environmental conditions.

To identify genes involved in dauer signaling, many mutants that show abnormality in
dauer decision have been isolated in other laboratories. Such mutants, named daf (dauer larva
formation abnormal), consist of two groups: dauer formation-constitutive (Daf-c) mutants,
which enter the dauer stage even under conditions appropriate for reproductive growth, and
dauer formation-defective (Daf-d) mutants, which develop as non-dauers even under harsh
conditions. By epistasis analyses, these daf genes have been ordered into three pathways,
which act in parallel to regulate dauer formation. Molecular analyses revealed that these
pathways correspond to cell-signaling pathways conserved among many animals, namely,
cGMP, TGF-beta, and insulin/IGF-I pathways. The signals through the three pathways are
integrated by a nuclear hormone receptor DAF-12, suggesting that the developmental decision
is regulated by a lipophilic hormone(s). Recently it was reported that one of the Daf-c genes,
daf-9, encodes a cytochrome P450 and acts upstream of daf-12. The results indicate that DAF-
9 is probably involved in the biosynthetic pathway for a ligand(s) of DAF-12. daf-9 mutants as
well as special daf-12 mutants that show a Daf-c phenotype form dauer-like larvae, which
differ from normal dauer larvae in the shape and movement of pharynx.

Conventional Daf-c genes contain mutations that exhibit highly penetrant Daf-c phenotypes.
Besides, there are many other genes in which mutations display only low-penetrance Daf-c,
synthetic Daf-c (syn-Daf) and/or Hid (high temperature-induced dauer formation) phenotypes,
‘where syn-Daf mutants and Hid mutants form dauer larvae only in a certain mutant

background and at 27°C (a temperature too high for the reproduction of C. elegans),



respectively. The presence of such genes suggests that the daf pathways may be bifurcated
further or modified by other pathways. Analysis of these genes will help elucidating the
complicated regulatory network of dauer decision and provide a new insight into the
environmental regulation of development.

Here I analyzed a new syn-Daf gene, sdf-9, in which five mutants have been isolated
in our laboratory. These mutants exhibited a strong Daf-c phenotype in the unc-31(el69)
background and a weak Daf-c phenotype in the wild type background at 25°C. The dauer
larvae of the unc-31; sdf-9 double mutants were normal in morphology. However, the dauer
larvae of the sdf-9 single mutants had a pharynx that pumps and that does not show the radial
constriction of the normal dauer pharynx. In these aspects they resembled the dauer-like larvae
of daf-9 or daf-12 Daf-c mutants. Genetic epistasis experiments indicated that sdf-9 acts
downstream of or parallel to daf-3, but upstream of daf-16 and daf-12. Positional cloning
revealed that sdf-9 encodes a non-transmembrane protein tyrosine phosphatase(PTP)-like
molecule that has only one PTP-like domain and no other known domains. The PTP domain
normally contains the active site motif HCxxxxxR (where x represents any amino acid), but the
corresponding sequence of SDF-9 is QSARGSSR. SDF-9, therefore, may not have the activity
of protein tyrosine phosphatase. SDF-9 was expressed in the same cells as those expressing
DAF-9 in the head. By genetic mosaic experiments with cell-specific GFP markers, I identified
these cells as XXX and XXXR cells, which were known as embryonic hypodermal cells but
whose function at later stages was unknown. Killing of these cells in wild type L1 larvae
induced the formation of dauer-like larvae that resemble those of sdf-9 and daf-9 mutants. Like
the weak Daf-c alleles of daf-9 and daf-12, the Daf-c phenotype of the sdf-9 mutants was
enhanced by cholesterol deprivation. Overproduction of the wild type daf-9 gene strongly
suppressed the Daf-c phenotypes of sdf-9 and unc-31; sdf-9, but not those of daf-7 (TGF-beta
pathway) or daf-2 (insulin/IGF-1 pathway). These results suggest that sdf-9 acts with daf-9 in
the same pathway and that XXXI/R cells may produce a steroid hormone(s) for DAF-12 that
regulates dauer larva formation.
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