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Supplementary Figure 7. Peripheral nerve activation in vivo and comparison of 

ReaChR and hChR2(H134R) expressing mice. (a) Comparison of through-ear (orange) 

and direct stimulation of the peripheral facial motor nerve (cranial VII; black) in an 

isoflurane anesthetized mouse. (b) Photo-activation of ReaChR expressing neurons in FN 

by stimulating through the ipsi- (orange) or contra-lateral (black) ear relative to the side 

of ReaChR expression in an isoflurane anesthetized mouse. Individual light pulses are 

indicated by bars (617 nm, 100 mW light output). Asterisk (*) indicates movements 
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correlated with breathing. (c) Schematic of through-skull photo-activation of 

hChR2(H134R) expressing neurons in vM1 of the awake, head-fixed mouse. Whisker 

movements were monitored with high-speed video. (d) Coronal section through the 

medial (AGm) and lateral (AGl) agranular motor cortex (vM1) of an rAAV infected 

mouse shows hChR2(H134R)-EYFP (green) expression. Neurons were counterstained 

with a fluorescent Nissl-substance marker (NeuroTrace; magenta). Scale bar: 500 µm. (e) 

Traces of evoked whisker movements in response to single, 100 ms pulses (blue arrows 

and bar) of 470 nm light emitted by a LED placed 10 mm above the skin overlying vM1 

cortex of an hChR2(H134R) expressing mouse. Increasing values denote protraction of 

the vibrissae. Scale bars: 40 deg and 1 s. (f) Average absolute movement amplitudes 

evoked by 100 ms pulses of 470 nm (blue) or 617 nm (orange) light through the intact 

skin overlying vM1 in hChR2(H134R) (n = 3 mice) or ReaChR (n = 3 mice) expressing 

mice, respectively (10 stimulus repetitions per condition/mouse). (g) Schematic of 

hChR2(H134R)-EYFP expressing motoneurons in the facial nucleus (FN) of awake mice 

illuminated through the ear by placing LEDs in the opening of the external auditory canal. 

Vibrissae movements were recorded with high-speed video. (h) Horizontal section 

through FN showing hChR2(H134R)-EYFP expressing neurons and associated processes 

(mostly motoneurons axons traversing FN and surrounding regions; green) and cell 

bodies counter-labelled with a fluorescent Nissl marker (NeuroTrace; magenta). (i) 

Example of absence of evoked whisker movements when stimulating a mouse expressing 

hChR2(H134R) in FN motoneurons. Top: Video frames show the whiskers in the 

reference retracted position (No-light) and at 100 ms following photo-activation (Light). 

Bottom: Traces of whisker position during attempted photo-activation with 470 nm light 

(blue). 
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Supplementary Figure 8. The photocurrent responses of ReaChR + E163T. (a) The 

representative recordings of ReaChR + E163T to different wavelengths of light of the 

same intensity. (b) The response spectrum of ReaChR + E163T. 
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Supplementary Figure 9. The nucleotide and amino acid sequence of ReaChR 
 
ChIEF/ChR1 sequence 
VChR1 sequence 
VChR2 sequence 
Kozak sequence 
 
Leu 171 Ile: CTG -> ATT  
 
      1  M  V  S  R  R  P  W  L  L  A  L  A  L  A  V  A  L  A  A  G  20      
 -3 ACC ATGGTGAGCAGAAGACCCTGGCTGCTGGCCCTGGCCCTGGCCGTGGCCCTGGCCGCCGGC 60    
     21  S  A  G  A  S  T  G  S  D  A  T  V  P  V  A  T  Q  D  G  P  40      
     61 AGCGCCGGCGCCAGCACCGGCAGCGACGCCACCGTGCCCGTGGCCACCCAGGACGGCCCC 120    
     41  D  Y  V  F  H  R  A  H  E  R  M  L  F  Q  T  S  Y  T  L  E  60      
    121 GACTACGTGTTCCACAGAGCCCACGAGAGAATGCTGTTCCAGACCAGCTACACCCTGGAG 180    
     61  N  N  G  S  V  I  C  I  P  N  N  G  Q  C  F  C  L  A  W  L  80      
    181 AACAACGGCAGCGTGATCTGCATCCCCAACAACGGCCAGTGCTTCTGCCTGGCCTGGCTG 240    
     81  K  S  N  G  T  N  A  E  K  L  A  A  N  I  L  Q  W  V  V  F  100     
    241 AAGAGTAACGGCACCAACGCCGAGAAGCTGGCCGCCAACATCCTGCAGTGGGTGGTGTTT 300    
    101  A  L  S  V  A  C  L  G  W  Y  A  Y  Q  A  W  R  A  T  C  G  120     
    301 GCGCTGAGCGTGGCGTGCCTGGGCTGGTATGCGTATCAGGCGTGGCGCGCGACCTGCGGC 360    
    121  W  E  E  V  Y  V  A  L  I  E  M  M  K  S  I  I  E  A  F  H  140     
    361 TGGGAAGAAGTGTATGTGGCGCTGATTGAAATGATGAAAAGCATTATTGAAGCGTTTCAT 420    
    141  E  F  D  S  P  A  T  L  W  L  S  S  G  N  G  V  V  W  M  R  160     
    421 GAATTTGATAGCCCGGCGACCCTGTGGCTGAGCAGCGGCAACGGCGTGGTGTGGATGCGC 480    
    161  Y  G  E  W  L  L  T  C  P  V  I  L  I  H  L  S  N  L  T  G  180     
    481 TATGGCGAATGGCTGCTGACCTGCCCCGTGATTCTGATTcatCTGAGCAACCTGACCGGC 540    
    181  L  K  D  D  Y  S  K  R  T  M  G  L  L  V  S  D  V  G  C  I  200     
    541 CTGAAAGATGATTATAGCAAACGCACCATGGGCCTGCTGGTGAGCGACGTGGGCTGCATT 600    
    201  V  W  G  A  T  S  A  M  C  T  G  W  T  K  I  L  F  F  L  I  220     
    601 GTGTGGGGCGCGACCAGCGCGATGTGCACCGGCTGGACCAAAATTCTGTTTTTTCTGATT 660    
    221  S  L  S  Y  G  M  Y  T  Y  F  H  A  A  K  V  Y  I  E  A  F  240     
    661 AGCCTGAGCTATGGCATGTATACCTATTTTCATGCGGCCAAAGTGTATATTGAAGCGTTT 720    
    241  H  T  V  P  K  G  L  C  R  Q  L  V  R  A  M  A  W  L  F  F  260     
    721 CATACCGTGCCGAAAGGCCTGTGCAGACAGCTGGTGAGAGCCATGGCCTGGCTGTTCTTC 780    
    261  V  S  W  G  M  F  P  V  L  F  L  L  G  P  E  G  F  G  H  I  280     
    781 GTGAGCTGGGGCATGTTCCCCGTGCTGTTCCTGCTGGGCCCCGAGGGCTTCGGCCATATT 840    
    281  S  P  Y  G  S  A  I  G  H  S  I  L  D  L  I  A  K  N  M  W  300     
    841 AGCCCGTATGGCAGCGCGATTGGCCATAGCATTCTGGATCTGATTGCGAAGAACATGTGG 900    
    301  G  V  L  G  N  Y  L  R  V  K  I  H  E  H  I  L  L  Y  G  D  320     
    901 GGCGTGCTGGGCAACTATCTGCGCGTGAAAATTCATGAACATATTCTGCTGTATGGCGAT 960    
    321  I  R  K  K  Q  K  I  T  I  A  G  Q  E  M  E  V  E  T  L  V  340     
    961 ATTCGCAAAAAACAGAAAATTACCATTGCGGGCCAGGAAATGGAAGTGGAAACCCTGGTG 1020    
    341  A  E  E  E  D  K  Y  E  S  S  350     
   1021 GCGGAAGAAGAAGATAAGTACGAGAGCAGC 1050 
 

• The ChIEF/ChR1, VChR1 and VChR2 sequences are mammalian-codon 

optimized. 
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Supplementary Figure 10. The nucleotide and amino acid sequence of C1V1(E122T) 
 
ChIEF/ChR1 sequence 
VChR1 sequence 
Kozak sequence 
 
Glu 123 Thr  
 
      1  M  V  S  R  R  P  W  L  L  A  L  A  L  A  V  A  L  A  A  G  20      
 -3 ACC ATGGTGAGCAGAAGACCCTGGCTGCTGGCCCTGGCCCTGGCCGTGGCCCTGGCCGCCGGC 60    
     21  S  A  G  A  S  T  G  S  D  A  T  V  P  V  A  T  Q  D  G  P  40      
     61 AGCGCCGGCGCCAGCACCGGCAGCGACGCCACCGTGCCCGTGGCCACCCAGGACGGCCCC 120    
     41  D  Y  V  F  H  R  A  H  E  R  M  L  F  Q  T  S  Y  T  L  E  60      
    121 GACTACGTGTTCCACAGAGCCCACGAGAGAATGCTGTTCCAGACCAGCTACACCCTGGAG 180    
     61  N  N  G  S  V  I  C  I  P  N  N  G  Q  C  F  C  L  A  W  L  80      
    181 AACAACGGCAGCGTGATCTGCATCCCCAACAACGGCCAGTGCTTCTGCCTGGCCTGGCTG 240    
     81  K  S  N  G  T  N  A  E  K  L  A  A  N  I  L  Q  W  I  T  F  100     
    241 AAGAGTAACGGCACCAACGCCGAGAAGCTGGCCGCCAACATCCTGCAGTGGATCACCTTC 300     
    101  A  L  S  A  L  C  L  M  F  Y  G  Y  Q  T  W  K  S  T  C  G  120     
    301 GCCCTGAGCGCCCTGTGCCTGATGTTCTACGGCTACCAGACCTGGAAGAGTACCTGCGGC 360     
    121  W  E  T  I  Y  V  A  T  I  E  M  I  K  F  I  I  E  Y  F  H  140     
    361 TGGGAGaccATCTACGTGGCCACCATCGAGATGATCAAGTTCATCATAGAGTACTTCCAC 420     
    141  E  F  D  E  P  A  V  I  Y  S  S  N  G  N  K  T  V  W  L  R  160     
    421 GAGTTCGACGAGCCCGCCGTGATCTACAGCAGCAACGGCAACAAGACCGTGTGGCTGAGA 480     
    161  Y  A  E  W  L  L  T  C  P  V  L  L  I  H  L  S  N  L  T  G  180     
    481 TACGCCGAGTGGCTGCTGACCTGCCCCGTGCTGCTGATTCATCTGAGCAACCTGACCGGC 540     
    181  L  K  D  D  Y  S  K  R  T  M  G  L  L  V  S  D  V  G  C  I  200     
    541 CTGAAAGATGATTATAGCAAACGCACCATGGGCCTGCTGGTGAGCGACGTGGGCTGCATT 600     
    201  V  W  G  A  T  S  A  M  C  T  G  W  T  K  I  L  F  F  L  I  220     
    601 GTGTGGGGCGCGACCAGCGCGATGTGCACCGGCTGGACCAAAATTCTGTTTTTTCTGATT 660     
    221  S  L  S  Y  G  M  Y  T  Y  F  H  A  A  K  V  Y  I  E  A  F  240     
    661 AGCCTGAGCTATGGCATGTATACCTATTTTCATGCGGCCAAAGTGTATATTGAAGCGTTT 720     
    241  H  T  V  P  K  G  I  C  R  E  L  V  R  V  M  A  W  T  F  F  260     
    721 CATACCGTGCCGAAAGGCATTTGCCGCGAACTGGTGCGCGTGATGGCGTGGACCTTTTTT 780     
    261  V  A  W  G  M  F  P  V  L  F  L  L  G  T  E  G  F  G  H  I  280     
    781 GTGGCGTGGGGCATGTTTCCGGTGCTGTTTCTGCTGGGCACCGAAGGCTTTGGCCATATT 840     
    281  S  P  Y  G  S  A  I  G  H  S  I  L  D  L  I  A  K  N  M  W  300     
    841 AGCCCGTATGGCAGCGCGATTGGCCATAGCATTCTGGATCTGATTGCGAAGAACATGTGG 900     
    301  G  V  L  G  N  Y  L  R  V  K  I  H  E  H  I  L  L  Y  G  D  320     
    901 GGCGTGCTGGGCAACTATCTGCGCGTGAAAATTCATGAACATATTCTGCTGTATGGCGAT 960     
    321  I  R  K  K  Q  K  I  T  I  A  G  Q  E  M  E  V  E  T  L  V  340     
    961 ATTCGCAAAAAACAGAAAATTACCATTGCGGGCCAGGAAATGGAAGTGGAAACCCTGGTG 1020    
    341  A  E  E  E  D  K  Y  E  S  S  350     
   1021 GCGGAAGAAGAAGATAAGTACGAGAGCAGC 1050  
   
* Both ChIEF/ChR1 and VChR1 sequences are mammalian-codon optimized 
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