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Figure S1. Behavioral responses of individual animals to multimodal nociceptive stimuli, 
Related to Figure 1  
(A-C) Individual animals represented by dots, see averages in Figure 1C-E. (D-E) Individual 
animals represented by dots, see averages in figure 1G-H. Horizontal lines represent the means 
and vertical lines represent the SEM. We performed a Mann-Whitney test for all comparisons. 



 

 

Figure S2. Sexually dimorphic avoidance behavior to multimodal stimuli, Related to Figure 
1 
(A-D) Chemosensory repulsion head-drop assays (see Methods for full description). 
Hermaphrodites reverse more than males at intermediate concentrations of aversive stimuli - 
glycerol (A), SDS (B), copper (C) and quinine (D). n = glycerol - 9 repeats per concentration, SDS 
- 6-9 repeats per concentration, copper - 9 repeats per concentration, quinine - 8-9 repeats per 
concentration. Every repeat was done on ~15 worms per sex. Vertical lines represent the SEM. (E) 
Representative confocal micrographs of a C. remanei female (left) and male (right) stained with 
the lipophilic dye DiO, showing the same sensory neurons as C. elegans, both in the head and in 
the tail. We performed a Mann-Whitney test for all comparisons. 



 

 



 

Figure S3. ASH senses aversive stimuli similarly in the two sexes, Related to Figure 2 
(A) Optogenetic activation experiments of animals without all-trans-retinal (ATR) (control groups 
for Figure 2D). n = 30-40 hermaphrodites, 29-38 males. (B) On the left, representative confocal 
micrographs of 1 day adult hermaphrodites and males expressing fosmid reporters of candidate 
signaling molecules and receptor genes (gpa-3, osm-10, qui-1, ocr-2, osm-9) tagged with GFP, 
and Vybrant lipophilic dye (DiD), enabling ASH identification (marked by white dashed ovals). 
In ocr-2 micrographs, the inset is a magnification of the nose, labeling subcellular expression in 
the dendritic tip. Some images also show the co-injection marker ttx-3p::mCherry/GFP. On the 
right, quantification of the expression levels of the same proteins, measured at ASH soma (see 
Methods). Y axis in all five graphs is GFP tagged fosmid expression in arbitrary units. n = 14-16 
animals per group. (C) Quantification of the peak responses of individual animals’ ASH calcium 
responses (Figure 2E-F). n = 15 hermaphrodites, 15 males. (D) Illustration of protein eat-
4/VGLUT’s function, packaging glutamate into vesicles in neurons. (E) Representative images of 
eat-4/VGLUT protein levels in ASH (marked with dashed circles), in the two sexes. ASH was 
identified using DiO staining (see Methods). (F) Quantification of eat-4/VGLUT fosmid reporter 
expression in ASH. n = 16 hermaphrodites, 15 males. Scale bars in all confocal micrographs are 
10 µm. B, C and F are box and whiskers plots, vertical line represents the median and “+” is the 
mean. We performed a Mann-Whitney test for all comparisons.  



 

 



 

 
Figure S4. Excluding ASH-AVB, additional inhibitory connections have a minimal effect on 
the network performance, Related to Figures 3, 5 and 6 
(A) Parameter combinations that met two sets of conditions; behavioral and physiological, divided 
to polarity configurations. Each row represents different combination of excitation and inhibition 
in the following connections: ASH-AVB, AVB-AVA, A-B, B-A (overall 16 options). 
Physiological conditions were tested only for the hermaphrodites' connectivity. Additional 
inhibitory connections (aside from ASH-AVB, which remained essential) have a minimal effect 
on the number of appropriate sets. (B-E) Computational model predictions of the escape response 
in worms with connectivity perturbations, using different polarity configurations that met all 
conditions. The polarity configurations include an inhibitory connection between ASH-AVB, and 
all of the combinations of inhibition and excitation of the following connections: AVB-AVA, A-
B, B-A, a total of eight configurations. x axis, voltage increase in the sensory neuron following the 
stimulus (see Methods). y axis, predicted avoidance averaged over the appropriate sets, separately 
for each polarity configuration. (B) Computational model predictions of the escape response in 
worms with feminized or masculinized ASH. All connections of ASH are sex-switched. Backward 
movement is predicted to increase in ASH-feminized males, and decrease in ASH-masculinized 
hermaphrodites in all polarity configurations. (C) Computational model predictions of the escape 
response in worms with feminized or masculinized AVA. All connections of AVA are sex-
switched. In all polarity configurations, backward movement is predicted to increase in AVA-
feminized males, yet in AVA-masculinized hermaphrodites, the avoidance is not significantly 
affected. (D) Model predictions of the escape response in hermaphrodites without ASH-AVA 
connections (chemical, electrical, or both). Backward movement is predicted to slightly decrease 
in hermaphrodites without ASH-AVA connections in all polarity configurations. (E) Model 
predictions of the escape response in males with additional connections between ASH and AVA 
(chemical, electrical, or both). Regardless of the polarity, backward movement is predicted to 
significantly increase in males with ASH-AVA connections.  
 
 



 

 



 

Figure S5. Masculinizing and feminizing cells of the circuit have different behavioral effects, 
Related to Figure 5 
(A-E) Computational model predictions of backward movement in wild-type animals and animals 
with one feminized or masculinized cell. x axis, voltage increase in the sensory neuron following 
the stimulus (see Methods). y axis, predicted avoidance averaged over the appropriate sets. (A) 
Feminized and masculinized AVB neurons (all connections of AVB are sex-switched). Backward 
movement is predicted to significantly increase in feminized males. In masculinized 
hermaphrodites, the avoidance is not significantly affected. (B) Feminized and masculinized AVD 
neurons. Backward movement is predicted to increase in feminized males and insignificantly 
decrease in masculinized hermaphrodites. (C) Feminized and masculinized PVC neurons. 
Switching the connections of PVC did not result in a behavioral change for either sex. (D) 
Feminized and masculinized A neurons. Backward movement is predicted to decrease in feminized 
males below that predicted for wild-type males. Accordingly, in masculinized hermaphrodites, the 
avoidance slightly increased. (E) Feminized and masculinized B neurons. Backward movement is 
predicted to significantly increase in feminized males and significantly decrease in masculinized 
hermaphrodites.  
  



 

 
 

 
Figure S6. Temporal analysis of the ASH-AVA connection and the avoidance responses of 
juvenile animals, Related to Figure 5 
(A) Quantification of ASH-AVA iBLINC GFP puncta in hermaphrodites and males at four 
developmental stages. n = 9-15 for each group. Pink circles represent the average synapse count 
from electron microscopy reconstructions for hermaphroditesS1, S2 and malesS3. Male electron-
microscopy data exists only for the adult. (B) Quantification of the behavioral responses of juvenile 
L3 animals to aversive stimuli. The avoidance index in the tail-drop assay is calculated as in Figure 
1. All plots are box and whiskers plots, vertical lines represent the medians and “+” are the means. 
We performed a Mann-Whitney test for all comparisons. 
 



 

 
 



 

Figure S7. Rewiring a single connection or two connections simultaneously had a minor 
effect on hermaphrodites but significantly changed male behavior, Related to Figure 6 
(A-D) Computational model predictions of backward movement in wild-type animals and in 
animals with one connection feminized or masculinized. (A) Eliminating a single hermaphrodite-
specific connection in hermaphrodites did not result in a behavioral change. (B) Inserting a 
single hermaphrodite-specific connection into males resulted in behavioral changes. The 
chemical connection of ASH to AVB increased the males’ backward movement, while the gap 
junction between AVA to AVB did not significantly affect their behavior. (C) In hermaphrodites, 
inserting a single male-specific connection did not affect their behavior. (D) In males, removing 
a single male-specific connection did not affect their behavior. (E-H) Computational model 
predictions of backward movement in wild-type animals and in animals with two connections 
feminized or masculinized simultaneously. (E) In hermaphrodites, removing simultaneously two 
hermaphrodite-specific connections resulted in a slight, insignificant change in their response. 
(F) In males, inserting simultaneously any two hermaphrodite-specific connections resulted in an 
increased avoidance. (G) In hermaphrodites, inserting two male-specific connections did not 
affect their behavior. (H) In males, removing two male-specific connections did not affect their 
behavior. (A-H) x axis, voltage increase in the sensory neuron following the stimulus (see 
Methods). y axis, predicted avoidance averaged over the appropriate sets. 
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