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Figure Captions 

Figure 1 Cellular distribution of ChR2-EYFP in dorsal root ganglia: (A), ChR2-EYFP co-
expression with selected markers in DRG. Scale bar: 50 m. (B, C), Quantification of co-
expression of ChR2-EYFP with selected markers (Mean  SEM, n=4 animals, 3-4 
sections/animal). (D), Size Distribution of all (Total) and ChR2-EYFP-positive DRG neurons, 
expressed as probability density. (E), Proportion of ChR2-EYFP-positive neurons in each size 
class of DRG neuron. Small: < 300 m, Medium: 300-600 m, Large: >600 m. Values inside 
bars represent the number of ChR2-EYFP-positive (green) and ChR2-EYFP-negative (grey) 
neurons in each size class (n=6 animals, 2-3 sections/animal) 

Figure 2 Co-expression with A -LTMR markers  Co-expression of ChR2-EYFP with Nefh and 
Ret (A) and Tlr5 (B), Scale Bar: 50 . Arrows indicate cells that co-express all markers. (C), 
Venn Diagram of ChR2-EYFP, Nefh and Ret. (D-E), Quantification of co-expression for ChR2-
EYFP, Nefh, and Ret represented as percent (%) of population (Mean  SEM, n=6 animals, 2-3 
sections/animal) 

Figure 3 Expression of TrkB in Vglut1-Chr2 DRG (Left), Co-expression of ChR2-EYFP 
transcript by ISH. Arrow indicates a ChR2-EYFP-positive neuron co-expressing low levels of 
TrkB. Asterisk indicates highly-expressing TrkB

 Note the expression of TrkB around the 
circumference of ChR2-EYFP-positive neurons, likely in Satellite Glia Cells. Scale: . 
(Right), Zoom of inset. 

Figure 4 Spinal and cutaneous projections of ChR2-EYFP-positive neurons in Vglut1-
ChR2. (A), Low magnification of ChR2-EYFP-positive afferents in the lumbar spinal cord 
(Top), Scale: 500 . High magnification images of ChR2-EYFP-positive, CGRP+ and IB4+ 
afferents in the dorsal horn (Bottom), Scale: 100 . Laminar borders (white) are 
represented inth Merged image. (B), Cutaneous Projections of ChR2-EYFP-positive afferents in 
glabrous (Top, Mid), and Hairy (Bottom) skin. 

 Scale: 10 
. 

Figure 5 Patch-clamp electrophysiology of ChR2-EYFP-positive and ChR2-EYFP-negative 
DRG neurons (A), Continuous exposure to 470 nm light for 1s resulted in depolarization and 



light-evoked action potentials in ChR2-EYFP-positive DRG neurons (black) but not ChR2-
EYFP-negative neurons (red). (B), Exposure to light at 10 Hz drove phase-locked action 
potential firing in ChR2-EYFP-positive DRG neurons (black) but not ChR2-EYFP-negative 
controls (red). (C-D) The success rate at 5Hz and 10Hz photostimulation of ChR2-EYFP-
positive (n=7) and ChR2-EYFP-negative  (n=4) neurons. (E) Representative action potential 
waveforms from ChR2-EYFP-positive(top) and ChR2-EYFP-negative (bottom) DRG neurons. . 
(F), The width of the action potential waveform at half-maximum amplitude of ChR2-EYFP-
positive and ChR2-EYFP-negative DRG neurons (Student’s two-tailed t-test, * p < 0.05) (G). 
The action potential threshold of ChR2-EYFP-positive and ChR2-EYFP-negative DRG neurons 
(Student’s two-tailed t-test, ** p<0.005). (H) The number of spikes under continuous 
photostimulation in ChR2-EYFP positive and ChR2-EYFP-negative neurons. Panels C-D, F-H 
represented as mean  SEM. 

Figure 6 Light-evoked withdrawal behaviors in naive Vglut1-ChR2 Mice (A), Response 
frequency (i.e. fraction of all trials with at least one response per trial) increases with the 
intensity and frequency of light stimulation (n=14). (B), The total number of all behavioral 
responses increases with intensity and frequency of light stimulation (n=14). (C), Dot plot 
representation of individual scored behaviors at each intensity and frequency combination. 
The size of each dot represents the percent of trials in which the behavior was observed, and 
the color represents the total number of a given behavior per trial, with red indicating higher 
numbers and blue indicating lower numbers. (D-E), The number of affective-motivational and 
reflexive responses per trial. Panels A-B, D-E represented as mean  SEM. 

 

Figure 7 Comparison of light-evoked withdrawal behaviors in Vglut1-ChR2 and Nav1.8-
ChR2 mice. (A), The response frequency of Vglut1-ChR2 is lower than that of Nav1.8-ChR2 at 
all intensities (Genotype: , p < 0.001. Intensity: , p < 0.001, 
Genotype x Intensity , p = 0.02). (B), The total number of responses is 
substantially lower in Vglut1-ChR2 compared to Nav1.8-ChR2 (Genotype: , p 
< 0.001, Intensity: , p < 0.001,  Genotype x Intensity:  , p < 
0.001). (C), The behavioral signatures of Vglut1-ChR2 and Nav1.8-ChR2 differ markedly. Dot 
plot representation of individual scored behaviors at each intensity and frequency 
combination. The size of each dot represents the percent of trials in which the behavior was 
observed, and the color represents the total number of a given behavior per trial, with red 
indicating higher numbers and blue indicating lower numbers. (D), Affective-motivational 
behaviors increase with intensity in Nav1.8-ChR2 but are absent in Vglut1-ChR2 (Genotype: 

, p < 0.001, Intensity: , p < 0.001,  Genotype x Intensity:  
,  p < 0.001).  (E), The number of reflexive responses is higher at all intensities 

in Nav1.8-ChR2 (Genotype: , p < 0.001, Intensity: , p < 0.001,  
Genotype x Intensity:  ,  p < 0.001). Statistical Analysis: Two-Factor Linear 
Mixed Effects (LME) model, Tukey’s post-hoc tests. Vglut1-Chr2 (n=14), Nav1.8-ChR2 (n=6) for 
all panels. Post-hoc tests: Vglut1-ChR2 vs. Nav1.8-ChR2 at each intensity, **p < 0.01, *** p < 



0.001. Panels A-B, D-E represented as mean  SEM. 

Figure 8 Local anesthestic and A-fiber selective blockade abolishes light-evoked paw 
withdrawal (A), Intraplantar (I.pl) Ropivacaine (0.5%, ) blocked light-evoked paw 
withdrawal in 8/9 mice (n=9) in the ipsilateral (left) paw, but all mice (9/9) responsed to 
stimulation of the uninjected, contralateral paw. (B) Light-evoked response frequency was 
strongly attenuated in the ipsilateral (Ipsi) paw of Vglut1-ChR2 mice that received  A-fiber 
blockade with QX-314/Flagellin (60 mM/1 , 20 ) but not Vehicle control (PBS, 

).(Treatment:  , p=0.0031,  Paw: , p = 0.0066, Treatment 
x Paw: , p <.0001). (C) The number of light-evoked responses was also strongly 
attenuated by QX-314/Flagellin (Treatment:  , p=0.0037,  Paw: , 
p = 0.31, Treatment x Paw: , p 0.0026). For B-C, in both treatment groups, the 
contralateral (Contra) uninjected paw was stimulated after ipsilateral stimulation to 
demonstrate the localized nature of A-fiber blockade and confirm the responsiveness of each 
subject (n=7/group, Stimulation: 5 , 10 Hz). Statistical analysis: Two-factor Linear 
Mixed Effects (LME) model, Tukey’s post-hoc test. Panels B-C represented as mean  SEM. Post-
hoc test: **p <0.01, ***p<0.001. 

Figure 9 Real-time place escape-avoidance assay (RT-PEA) in non-nociceptive and 
nociceptive ChR2-expressing mouse line (A), Schematic of RT-PEA assay. The assay is 
divided into three 10 min stages: Pre-stimulation (Pre), Stimulation (Stim), and Post-
stimulation (Post). During the Pre period, mice are allowed to freely explore both sides of the 
chamber apparatus. During the Stim period, mice are stimulated with blue light in their 
preferred chamber and with yellow light in their non-preferred chamber. During the Post 
period, mice freely moved between chambers without stimulation. (B-C), Blue light 
stimulation causes strong aversion in nociceptive (Nav1.8-ChR2 and Npy2r-ChR2) but not 
non-nociceptive mice (Vglut1-ChR2 and Vglut1-EYFP). (Vglut1-ChR2, Stage: , p 
= 0.11, n=14. Vglut1-EYFP, Stage: , p = 0.85, n=7. Nav1.8-ChR2, Stage: 

, p <0.000, n=6, Npy2r-ChR2, Stage: , p < 0.0001, n=7). (D-E), RT-
PEA assay results represented as change from baseline (Pre) preference (%).(Vglut1-ChR2, 
Stage: , p = 0.11. Vglut1-EYFP, Stage: , p = 0.78. Nav1.8-ChR2, 
Stage: , p <0.0001, Npy2r-ChR2, Stage: , p < 0.0001) . (F), 
Representative spatial heat maps for each mouse line. Yellow indicates more time spent in the 
area and blue indicates less time spent in the area. NP: Non-Preferred Chamber, P: Preferred 
Chamber. Statistical analysis: One-Factor Linear Mixed Effects (LME) model for each line, 
with Tukey’s post-hoc test. Post-hoc tests:  **, p <0.01, ***, p <0.001, NS = Not Significant 
(p>0.05). Panels B-E represented as mean  SEM. 

Figure 10 Optogenetic stimulation of SNI mice does not elicit pain-like behaviors or 
aversion (A), Spared Nerve Injury causes decreased paw withdrawal thresholds (PWT) in the 



ipsilateral on post-operative day 7 (POD7) but not the contralateral paw. (n= 7 mice/group); 
Two-factor LME, Tukey’s post-hoc test. Paw: , p = 0.01, Timepoint: 

, p = 0.003, Paw x Timepoint: , p = 0.002, Post-hoc: **p < 0.01). 
(B), The total number of light-evoked responses is not significantly different between the 
ipsilateral and contralateral paws on POD7. (Three-factor LME,  Paw: , 
p=0.0001, Timepoint: ,  p=0.009, Intensity : , p<0.0001, Paw x 
Timepoint: ,  p = 0.60, Paw x Intensity: , p =0.11, Timepoint x 
Intensity : , p=0.20, Paw x Timepoint x Intensity: , p = 0.24). (C), 
The number of reflexive responses is not different between ipsilateral and contralateral paws 
on POD7 (Three-factor LME,  Paw: , p < 0.0001, Timepoint: ,  
p=0.008, Intensity : , p<0.0001, Paw x Timepoint: ,  p = 0.58, Paw x 
Intensity: , p =0.10, Timepoint x Intensity : , p=0.19, Paw x 
Timepoint x Intensity: , p = 0.22). (D) The number of affective-motivational 
responses is not different between ipsilateral and contralateral paws on POD7 (Three-factor 
LME,  Paw: , p = 0.77, Timepoint: ,  p= 1.00, Intensity : , 
p = 0.001, Paw x Timepoint : ,  p = 0.77, Paw x Intensity: , p =0.61, 
Timepoint x Intensity : , p=0.83, Paw x Timepoint x Intensity: , p = 
0.85).  (E-F), Ipsilateral stimulation on POD7 did not produce more aversion compared to 
contralateral stimulation in a modified RT-PEA assay. One-Factor LME, E, Stage:

, p = 0.40. F,  Stage: , p = 0.38). All plots represented as mean  SEM. 






















