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Properties of 13 genes that are discovered only by the permutation method
C43C3.1 (ifp-1) gene is induced early in the dauer exit time course, and then remains upregulated. C43C3.1 gene encodes an intermediate filament protein, a class E family member (ifp-1), which is predicted to function as a structural component of the cytoskeleton. Because many morphological and behavioral changes, such as pharyngeal pumping, movement and increased body volume occur continually during the dauer exit, cytoskeletal remodeling accompanied by cellular migration is essential. C43C3.1 gene is reported to be a positive regulator of body growth [1]. C43C3.1 gene product is shown to interact with GEI-16, which is required for ventral enclosure and elongation during embryonic and larval development, and normal rates of postembryonic growth [2]. The induction of C43C3.1 just after commitment to exit (about 1 hour) and its continuous upregulation might be important in dramatic morphological and behavioral changes over the dauer recovery process. 

Y17G7A.2 [W03C9.4 (lin-29)] gene is also induced at the early stage of the dauer exit, and then remains induced. Y17G7A.2 [W03C9.4 (lin-29)] gene encodes a zinc finger transcription factor of the C2H2 type that regulates the heterochronic development of the vulva, egg laying system, male gonad, cuticle, and molting cycle. This gene is shown to express in terminally differentiated cells, such as uterine and vulval muscle cells, seam cells, anchor cell, vulval cells, male-specific linker cell and cells in the tail [3-7]. The manifold phenotypes, such as retardation of heterochronic alterations and growth, abnormality in locomotion, vulva development and egg laying behavior, molt defect, larval lethality, and maternal sterility are observed via RNAi suppression of Y17G7A.2 [W03C9.4 (lin-29)] gene. The induction of Y17G7A.2 [W03C9.4 (lin-29)] just after commitment to exit (about 1 hour) and its continuous upregulation might play a pivotal role in heterochronic development and growth over the dauer recovery process. 
F49E10.2 gene is induced at the late stage of the dauer exit time course. Its biological function is unknown. However, this gene shares a region of moderate similarity with H. sapiens RPE65 gene product, retinal pigment epithelium-specific protein and therefore might have carotenoid oxigenase activity. The regulation of vitamin A homeostasis is very important because of the impact of vitamin A on cell differentiation, developmental processes and reproduction. The phenotype of reduced brood size was observed via RNAi suppression of F49E10.2 gene [8]. 
D1054.11 gene is a dauer-enriched gene and is downregulated gradually over dauer recovery. This gene encodes a protein of unknown function. However, the gene product is predicted to interact with proteins involved in biological processes such as reproduction and embryonic development ending in birth or egg hatching. About 50 % of its putative binding partners are integral membrane proteins regarding cellular components. About 30 % of its predicted binding partners have lipid transporter activity as molecular functions. From the function of its putative interaction partners, D1054.11 gene product might be predicted to be involved in lipid transporting process. The dauer is non-feeding and must rely on limited internal reservoirs for energy and biosynthesis. Lipid is the major source for energy and biosynthetic precursors in dauers. Therefore, genes involved in lipid transporting process must be tightly regulated during dauer recovery. Also, this gene might be involved in export and inhibition of a putative steroidal and lipophilic dauer hormone. 
Y57A10B.1 gene shows gradual decrease in the dauer exit time course. Its biological function is also unknown. Y57A10B.1 gene has a zinc-finger domain and is predicted to be involved in mRNA turn-over and stability regulation. The phenotype of fat-content increase was observed via knockdown of Y57A10B.1 gene by RNAi [9]. Y57A10B.1 gene product might regulate the stability of mRNAs whose protein products are involved in fat storage and/or expenditure in the dauer stage. 
F13H8.7 gene is induced early in the dauer exit time course, and then remains upregulated. This gene encodes a putative β-ureidopropionase (β-alanine synthase). This gene product has hydrolase activity acting on carbon-nitrogen (but not peptide) bonds in nitrogen compound metabolism. It is also shown to have apolipoprotein N-acyltransferase activity in lipid metabolism. The phenotype of maternal sterility was observed via RNAi of F13H8.7 gene [8]. F13H8.7 gene might be involved in nitrogen compound and/or fat metabolism during the dauer exit. 
F54D11.1(pmt-2) gene is upregulated gradually over dauer recovery. This gene encodes an experimentally validated N-methyltransferase required for phosphocholine biosynthesis and viability. The Pmt-2 knockdown animals are unable to progress past the L1 larval stage, but can be rescued by choline in their food media [10, 11]. This result suggests Pmt-2 plays a role in nematode survival and the transition from dauer stage into next larval stage (L4). 
T27A10.3 gene also is upregulated gradually early in dauer recovery time course. T27A10.3 gene encodes choline kinase C (ckc-1), a member of the choline/ethanolamine kinase protein family. 
Y39G10A 246.I [Y39G10AR.13 (icp-1)] gene is induced early in the dauer exit time course, and then remains upregulated. This gene encodes putative myosin heavy chain protein, which has strong similarity to human, D. melanogaster and C. elegans myosin heavy chain protein. This gene is involved in cytokinesis, reproduction, and embryonic development ending in birth or egg hatching. The following phenotypes are observed via RNAi of Y39G10A 246.I [Y39G10AR.13 (icp-1)]; embryonic lethality, maternal sterility, abnormality in chromosomal segregation and receptor-mediated endocytosis [12-14]. During the dauer exit time course, cell division accompanied by chromosomal segregation is essential in body growth. 
Y17G7B.7(tpi-1) gene is also upregulated gradually over dauer recovery. This gene encodes a triosephosphate isomerase. Triosephosphate isomerase (TIM) is a glycolytic enzyme that catalyzes the interconversion of dihydroxyacetone phosphate and D-glyceraldehyde-3-phosphate. The reaction is very efficient and requires neither cofactors nor metal ions. TIM is ubiquitous and conserved in function across eukaryotes, bacteria and archaea. This gene product is reported to be involved in cell redox homeostasis and determination of adult life span (Age) [15]. Knockdown of tpi-1 activity via RNAi results in increased resistance to exogenouse oxidants and shortening of natural adult lifespan, both presumably due to alterations in the redox state of cells [15, 16]. 
F56F10.1 gene is induced early in the dauer exit time course, and then remains upregulated. This gene encodes a member of the carboxypeptidase protein family. Normal worms uptake and digest food to generate energy for survival and growth. Proteases and peptidase are involved in digestion and are generally induced in the dauer exit process and remained upregulated. 
Y45F3A.8 gene is induced at the late stage of the dauer exit time course. This gene encodes a secreted surface protein of unknown function. Knockdown of Y45F3A.8 gene via RNAi results in abnormality in embryonic and postembryonic development [17]. 

E04D5.4 gene has moderate similarities to C. elegans ZK673.1 ::E04D5.4::51112 and has a secreted surface protein domain.
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