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Supplemental Figure 1: Additional data on thermosensory response properties of PVD.   a.  PVD neurons 
do not respond to temperature upsteps.  Scatter plots for peak calcium responses for PVD responses to 
indicated temperature changes.  With the exception of the specific temperature changes, calcium recordings from 
PVD in wild-type ljEx19 animals were conducted as described in Figure 1.  16 animals were recorded for each 
condition.  b–c.  Ablations of neurons other than PVD do not affect cold avoidance behavior. Shown are 
percentages of n>20 animals displaying avoidance behavior (omega bends) during a recording of worms 
experiencing acute temperature change (20-15º C).  For each panel, the blue box indicates a 50 second interval 
during which the buffer temperature was 15º; temperature was 20º during the remainder of the recording. Error 
bars indicate SEM.  
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Supplemental Figure 2: Additional data on harsh body touch response in wild-type and mutant animals.   
a.  PVD harsh touch response and mec-10 phenotypes do not depend on the FLP neurons.  Shown is a 
scatter plot of PVD peak calcium responses to harsh touch stimulation for FLP ablated worms.   Ablation of FLP 
in wild-type, mec-10(tm1552) and mec-10(tm1552); ljEx220 [pegl-46::mec-10(+)] does not affect PVD 
responses.  12 animals were recorded for each genotype.  b.  Harsh touch does not generally activate C. 
elegans neurons.  Shown are scatter plots of wild-type animals expressing cameleon in the indicated neurons.  9 
animals were imaged for PVD responses using ljEx19, 14 were imaged for ASH responses using ljEx95[psra-
6::YC2.12] [1] and 13 animals were imaged for PQR and URX responses using a pgcy-32::YC3.60 line [2].  c. 
Effects of mec-10 and TRP channel genes on PVD-dependent harsh body touch avoidance.  Animals were 
touched on the body with a platinum wire as described; escape responses (reversals) were scored as described.  
mec-4(u231) is a dominant allele that kills touch receptor neurons; the remaining touch response depends largely 
on PVD.  At least 100 animals were tested for each genotype.  Statistical significance (**P < .005, *** P < 
.0005) is according to the Student’s t test; mec-3(e1338) and mec-10(tm1552) are statistically-different from 
wild-type (P < .0005). 
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Supplemental Figure 3: Effects of other DEG/ENaC channels on harsh touch. 
a. Scatter plot of peak calcium responses for each genotype. Animals expressing cameleon in PVD neurons 
(array ljEx19) were given a harsh touch stimulus on the body, as described in Experimental Procedures. In 
response to the stimulus 12 wild-type animals gave an average R/R0 = 29.5%, 12 unc-8(n491n1192) animals 
responded with an average R/R0= 28%, 12 del-1(ok150) gave an average R/R0= 27.5% and 12 asic-1(ok415) 
gave an average R/R0 of 27.2 %. Statistical significance (ns=not significant) is according to the Mann-Whitney 
rank sum test.  b.  Effect on harsh touch avoidance behavior. Animals were touched on the body with a 
platinum wire as described; escape responses (reversals) were scored as described (n>100 for each genotype). 
Statistical significance (ns=not significant) is according to Student’s t-test.  
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Supplemental Figure 4: Additional controls for degt-1 RNAi  a.  Diagram of RNAi constructs.  Shown are 
the regions of the degt-1 coding sequence used for the ljEx258 and ljEx225 RNAi transgenes.  Both constructs 
were driven by the ser-2prom3 promoter; degt-1 RNAi lines in Figures 4 and 5 containing other promoters (e.g. 
pegl-46(ljEx224) and pmec-4(ljEx240)) used the same fragment as in ljEx225.  Parallel constructs (pegl-
46=ljEx264 and pmec-4=ljEx265) using the same fragment as in ljEx258 showed similar phenotypes (data not 
shown).  b.  RNAi with non-overlapping degt-1 fragments inhibits harsh touch response in PVD. Shown is 
a scatter plot of PVD peak calcium responses to harsh touch stimulation for lines expressing non-overlapping 
degt-1 dsRNA fragments under the ser-2prom3 promoter.   Lines using the same fragments driven by the egl-46 
promoter–ljEx224 and ljEx264 (data not shown)–gave similar phenotypes.  c.  Effects of RNAi in PVD for 
DEG/ENaC genes with sequence similarity to degt-1.  Scatter plot shows peak harsh touch responses of asic-
1(ljEx259), and unc-8(ljEx260) RNAi lines, in which sense and antisense gene fragments were expressed under 
the ser-2prom3 promoter as described in Methods.  Neither line showed significant reduction in peak responses.  
d.  Cell-specificity of degt-1 RNAi harsh touch defects. Scatter plot shows peak harsh touch responses of 
indicated RNAi lines compared to wild-type controls in PVD (left) or ALM (right).  RNAi arrays used were 
ljEx240 (pmec-4), ljEx225 (ser-2prom3) and ljEx224 (pegl-46).  For PVD imaging, all strains contained the 
ljEx19 cameleon array; for ALM imaging, all strains contained the bzIs17 integrated array and were carried out 
in a mec-4(u253) background as in Figure 5. 
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Supplemental Figure 5:  Additional information about DEGT-1, MEC-10 and TRPA-1 protein fusions.  a–
c.  Structures of fusion transgenes.  Shown are diagrams of fusion transgene structures; boxes indicate exons 
and thin lines indicate introns.  Fusion transgenes were constructed as described in Methods and expressed under 
the ser-2prom3 promoter.  Fluorescence was not observed outside the ser-2prom3 expression domain.  d.  
Expression of mec-10::GFP in PVD rescues the mec-10 harsh touch behavioral defect.   Animals were 
touched on the body with a platinum wire as described; escape responses (reversals) were scored as described.  
At least 100 animals were scored for each genotype.  Statistical significance (*** P < .001; ** P < .005) is 
according to the Student’s t test (mec-3(e1338) is compared to wild-type).  e.  Expression of trpa-1::GFP in 
PVD rescues the trpa-1 cold avoidance defect. Shown are percentages of n > 20 animals displaying avoidance 
behavior (omega bends) during a recording of worms experiencing acute temperature change (20-15º).  The blue 
box indicates a 50 second interval during which the buffer temperature was 15º; the temperature was 20º during 
the remainder of the recording. Error bars indicate SEM. 
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Supplemental Figure 6:  Additional images of DEGT-1 and MEC-10 protein fusion localization patterns in 
PVD.  In all figures, scale bar is 10 µM.  a.  Subcellular localization of a full-length DEGT-1::GFP fusion 
protein in PVD.   Shown is a confocal section of an adult AQ2400 ljEx254[ser-2prom3::degt-1::GFP; pmyo-
2::GFP] animal, which expresses the DEGT-1::GFP fusion protein in PVD.  b–c.  Punctate distribution of 
MEC-10::GFP and DEGT-1::RFP in higher-order PVD dendritic branches.  Shown are red (b) and green 
(c) wavelength images of a single confocal section of AQ2427 ljEx250[ser-2prom3::mec-10::GFP; pmyo-
2::GFP]; ljEx256[ser-2prom3::degt-1::mCherry; pmyo-2::GFP] animals, which express both MEC-10::GFP 
and DEGT-1::RFP in PVD.  d–e.   MEC-10::GFP distribution remains punctate in a degt-1 RNAi 
background.  Shown are single confocal sections of PVD processes expressing the  ljEx256 DEGT-1::RFP 
transgene in a mec-10(tm1552) mutant background (d) or the ljEx250 MEC-10::GFP transgene in an ljEx225 
degt-1 RNAi background (e).   
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Supplemental Figure 7:  Additional data on the effect of mec-10 and degt-1 on harsh touch responses in 
ALM.  a.  mec-10 and degt-1 effects on ALM harsh touch-evoked calcium transients do not require PVD. 
Shown is a scatter plot of ALM peak calcium responses to harsh touch stimulation in animals in which the PVD 
neurons have been ablated.  The following number of animals were imaged for each genotype: mec-10(tm1552) 
mec-4(u253); ljEx219[pmec-4::mec-10]—15, mec-10(tm1552)mec-4(u253)—15, mec-4(u253);ljEx240[pmec-
4::degt-1 RNAi]—13.  Statistical significance (*** P < .001) is according to the Mann-Whitney rank sum test.  
b.  Body touch neuron-related effects of mec-10 and degt-1 on harsh body touch avoidance behavior.  
Histogram shows cell-specific partial rescue of the harsh touch defect of the mec-10(tm1552) mec-4(u253) 
double mutant (in which touch cells are present but non-responsive; see Figure 5b) by a pmec-4-driven mec-
10(+) transgene (compare 5th and 6th histogram bars; statistically different at **P <.005).  Also shown is the 
harsh touch defect of a strain expressing pmec-4-driven degt-1 RNAi in a mec-4(u253) mutant background 
(statistically different from  mec-4(u253) at ***P <.0005).  mec-3 and mec-10 single mutants are shown for 
reference (statistically different from wild-type at ***P <.0005).  For all genotypes, animals were touched on the 
body with a platinum wire and escape responses (reversals) scored as described in Methods (n > 100 for each 
genotype).  Statistical significance is according to Student’s t-test.  
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Supplemental Figure 8:  Expression pattern of a pdegt-1::GFP reporter.   Shown are images of transgenic 
animals expressing a full-length degt-1::gfp fusion under the control of the degt-1 promoter.   Panels a-d 
represent single confocal sections; panels e-f are Z-stack projections. Triangles indicates the soma of the 
indicated cell.  a.  Expression in unidentified tail neuron.  b.  Expression in PVD.  c.  Expression in PLM.  
d.  Expression in ALM.  e-f.  Expression in FLP (triangle) as well as other head neurons.   
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Supplemental Figure 9: Effects of degt-1 RNAi and degt-1 overexpression on ALM gentle touch responses.  
a–b.  degt-1 RNAi does not inhibit gentle touch responses in ALM.  Shown are averaged calcium responses 
of wild-type (a) and ljEx240[pmec-4::degt-1RNAi] (b) in response to gentle touch stimulation. Each red trace 
represents the average percentage change in R/R0 for 22 animals of the indicated genotype; green bars indicate 
the time of the stimulus. Gray shading indicates SEM. Scale bars are indicated in upper right.  c.   degt-1 
overexpression in body touch neurons inhibits gentle touch response.  Shown is the averaged response of 22 
ljEx268[pmec-4::degt-1(+)] animals.  ALM neuronal morphology (visualized by the ljEx19 cameleon reporter) 
appears normal in these animals.  d. Scatter plot of peak calcium responses for each genotype.  Statistical 
significance (*** P < .005) is according to the Mann-Whitney rank sum test.  Also shown are data for 22 mec-
10(tm1552) and 10 mec-4(u253) mutant animals.  e. Effects on gentle touch avoidance behavior.  Animals 
were touched on the body with an an eyelash as described; escape responses (reversals) were scored as 
described.  Indicated genotypes are statistically different from wild-type (*** P < .001) according to the 
Student’s t test. 
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Supplemental Figure 10:  Effects of degt-1 and osm-9 on cold responses in PVD.  a.  mec-10 is not required 
for cold responses in PVD.  Shown is the averaged change in R/R0 of mec-10(tm1552) animals in response to 
cold.   For this and other calcium imaging panels, the red trace represents the average R/R0 and gray shading 
indicates SEM.  Scale bars are indicated in upper right.   This trace represents the average of 14 mec-10(tm1552) 
animals. b.  degt-1 is not required for cold responses in PVD.   Panel shows the averaged PVD calcium 
response of 17 ljEx225[ser-2prom3::degt-1RNAi] animals to cold stimulation.  c.  osm-9 is not required for 
PVD responses to cold shock.  Panel shows the averaged PVD calcium response of 13 osm-9(ky10) animals to 
cold stimulation.    d.  mec-10 is not required for cold shock avoidance behavior.  Shown are percentages of > 
20 mec-10(tm1552) animals displaying avoidance behavior (omega turns) following acute temperature change 
(20-15º).  In this and panels e and f, the blue box indicates a 50 second interval during which the buffer 
temperature was 15º; the temperature was 20º during the remainder of the recording. Error bars indicate SEM.   
e. degt-1 RNAi in PVD does not affect cold shock avoidance.  Shown are percentages of n>20 ljEx225[ser-
2prom3::degt-1RNAi] animals displaying cold avoidance behavior.  f.  osm-9 is not required for cold shock 
avoidance. Shown are percentages of n>20 osm-9(ky10) animals displaying cold avoidance behavior).   g.  
Scatter plot of peak calcium responses to cold shock. Data from panels a-c and Figure 1g (wild-type). 
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Supplemental Figure 11:  Gd3+ inhibits TRPA-1 activation.   a–b. TRPA-1 activation by repeated cold 
stimulation.  Panel A shows representative current-voltage relationships of the TRPA-1 responses in the same 
HEK cells expressing TRPA-1 upon the initial exposure (black) and the second exposure (red) to cold 
temperatures (13ºC).  The second cold stimulation was applied ~30 s after the end of the first cold response. 
Panel B shows averaged current densities of the cold responses of TRPA-1-HEK cells at ± 60 mV (n=6). c–e. 
TRPA-1 response to cold temperature was attenuated by extracellular 500 µM Gd3+.   Panel c shows 
representative current-voltage relationships of the TRPA-1 responses upon the initial cold exposure without Gd3+ 
(black) and the second exposure with Gd3+ (red). Panel d shows averaged current densities of the cold responses 
of TRPA-1-expressing HEK cells at ± 60 mV (n=6). Panel e shows a summary of the percent (%) reduction in 
the cold responses by Gd3+ treatment. The mean percent reductions of cold responses by Gd3+ were 97.3 ± 0.8% 
at -60 mV and 96.4 ± 1.1% at +60 mV. The data were compared to those of 2nd cold responses without Gd3+ in 
(b). Error bars, ± SEM. (*** p< .001; N.D., no statistically significant difference; Student’s t-test).  f–g. TRPA-1 
activation by mechanical stimulation. As in previous CHO cell expression experiments [3], C. elegans TRPA-
1 mechanosensitivity was also observed in HEK cell experiments.  Panel f shows representative current-voltage 
relationships of the TRPA-1 responses upon the pressure application (-75 mmHg of suction) with (red) or 
without 500 µM Gd3+ (black). Panel g shows averaged current densities of the pressure responses of TRPA-1-
expressing HEK cells at ± 60 mV (n=4 with Gd3+, n=7 without Gd3+). Error bars, ± SEM. (** P < .001). 
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Supplemental Figure 12:  TRPA-1-expressing OLQ neurons do not respond to cold.  Red traces show the 
averaged percentage change in R/R0 of OLQ neurons expressing the cameleon reporter ljEx130[pocr-4::YCD3] 
in response to 20-15º C cold shock.  a.  Response of wild-type animals (n=6), which express trpa-1 naturally in 
the OLQs.  b. Response of trpa-1(ok999); ljEx121[pdel-2::mtrpa-1(+); punc-122::GFP] animals (n= 12), 
which heterologously express mammalian mTRPA1 in the OLQs.  Gray shading indicates SEM of the mean 
response. Scale bars are indicated in upper right.  These strains were described previously [3].  c. Scatter plot of 
peak responses.  No statistically-significant difference was observed according to the Mann-Whitney rank sum 
test. 
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SUPPLEMENTAL TABLES 

Supplemental Table 1 

Gene name  Sequence name Fold Enriched FDR 
mec-10  F16F9.5 1.7x < 1 % 
mec-4  T01C8.7 1.1 > 10% 
del-1  E02H4.1 4.3 < 1 % 
asic-1  ZK770.1 1.9 < 1 % 
degt-1 F25D1.4 1.7 < 1 % 
 
 
 
Supplemental Table 1:  DEG/ENaC channel genes showing significant enrichment in PVD/OLL.  Shown 
are the fold enrichment and false discovery rate (FDR) for the four DEG/ENaC channels with a false discovery 
rate <1%.  Data for mec-4, which was not significantly enriched, is shown for comparison.  None of the other 
DEG/ENaC genes showed significant (<10%) enrichment [4].
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