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Figure 5. Validation of high-performance ChRger2 for minimally-invasive optogenetic 

behavioral modulation. (a) Minimally-invasive, systemic delivery of rAAV-PHP.eB packaged 

CAG-DIO ChRger2-TS-eYFP or ChR2(H134R)-TS-eYFP (3x1011 vg/mouse) into Dat-Cre 

animals coupled with fiber optic implantation above the VTA enabled blue light-induced 

intracranial self-stimulation (ten 5 ms laser pulses) exclusively with ChRger2 and not 

ChR2(H134R) with varying light power and varying stimulation frequencies. ChRger2, n = 4; 

ChR2(H134R), n = 4. Images show fiber placement and opsin expression for ChR2(H134R) (top) 

and ChRger2 (bottom). (b) Minimally-invasive, systemic delivery of rAAV-PHP.eB packaged 

CaMKIIa ChRger2-TS-eYFP or ChR2(H134R)-TS-eYFP (5x1011 vg/mouse) into wild type (WT) 

animals coupled with surgically secured 2 mm long, 400 µm fiber-optic cannula guide to the 

surface of the skull above the right M2 that had been thinned to create a level surface for the 

fiber-skull interface. Three weeks later, mice were trained to walk on a linear-track treadmill at 

fixed velocity. Coronal slices show expression throughout cortex with higher magnification 

image of M2 (inset) for ChR2(H134R) (left) and ChRger2 (right). Unilateral blue light 

stimulation of M2 induced turning behavior exclusively with ChRger2 and not ChR2(H134R) (10 

Hz stimulation with 5 ms 447 nm light pulses at 20 mW). ChRger2, n = 5; ChR2(H134R), n = 5. 

No turning behavior was observed in any animal with 10 Hz stimulation with 5 ms 671 nm light 

pulses (20 mW). Plotted data are mean ± SEM. vg, viral genomes.  
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Tables 

Table 1. Evaluation of prediction accuracy for different ChR property models. Calculated AUC 

or Pearson correlation after 20-fold cross validation on training set data for classification and 

regression models. The test set for both the classification and regression models was the 28 ChR 

sequences predicted to have useful combinations of diverse properties. Accuracy of model 

predictions on the test set is evaluated by AUC (for classification model) or Pearson correlation 

(for the regression models). The Matérn kernel is with ! = !
!. 

Model type ChR property Kernel Cross validation  Test set 
GP classification function Matérn AUC = 0.78 AUC = 1.0 

GP regression current strength Matérn R = 0.77 R = 0.92 

GP regression off-kinetics Matérn R = 0.78 R = 0.97 

GP regression wavelength sensitivity Matérn R = 0.89 R = 0.96 

 

Datasets 

Dataset 1. ChR sequence and photocurrent data from published sources including 19 natural ChR 

variants, 14 point-mutant ChR variants, and 28 recombination variants from various 

recombination libraries. The source of the photocurrent data is included (‘Reference’). When 

possible, we use references with side-by-side measurements of multiple ChRs. For modeling, all 

sequences were aligned and truncated to match the length of the C1C2 sequence (Online 

methods). The truncated and aligned sequences are included (‘Aligned_amino_acid_sequence’) 

as well as the full-length sequence (‘Amino_acid_sequence’).  

Dataset 2. ChR chimera sequences and functional properties for designed variants from our ChR 

recombination libraries8,9. Functional properties were tested in HEK cells. Measurements of peak 

and steady-state photocurrent (nA) with 485 nm light at 2.3 mW mm-2 (‘cyan_peak’ & ‘cyan_ss’), 

560 nm light at 2.8 mW mm-2 (‘green_peak’ & ‘green_ss’), and 650 nm light at 2.2 mW mm-2 

(‘red_peak’ & ‘red_ss’) are included. The maximum peak (‘max_peak’) and maximum steady-

state (‘max_ss’) photocurrent (nA) obtained with any wavelength are included. Measurement of 

the time (ms) to reach 50% of the light-exposed photocurrent after light removal is included 

(‘kinetics_off’). The ratio of peak photocurrent with 560 nm light to maximum photocurrent was 
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calculated per each cell and average for each ChR variant (‘norm_green’). Off-kinetics 

(‘kinetics_off’) and spectral properties (‘norm_green’) were only included for ChR variants with 

steady-state photocurrent strength >0.02 nA. Each ChR recombination variant has a chimera 

identity (‘block_ID’) beginning with either ‘c’ or ‘n’ to indicate the contiguous or non-contiguous 

library8,9 followed by 10 digits indicating the parent that contributes each of the 10 blocks (‘0’: 

CheRiff, ‘1’:C1C2, and ‘2’:CsChrimR). Each ChR variant’s number of mutations away from the 

nearest parent (‘m’) is included. For modeling, all sequences were aligned and truncated to match 

the length of the C1C2 sequence (Online methods). The truncated and aligned sequences are 

included (‘Aligned_amino_acid_sequence’) as well as the full-length sequence 

(‘Amino_acid_sequence’).  

Dataset 3. ChR variants predicted to localize and function. 1,161 ChR variants from the 

recombination libraries are above the 0.4 threshold for the product (‘pp’) of the predicted 

probabilities of localization (‘p_loc’) and function (‘p_func’). For all remaining variants (i.e., 

variants that we have not yet measured), we include the regression models’ prediction of peak 

photocurrent in nA (‘mu_peak_nA’), off-kinetics (time [ms] to reach 50% of the light-exposed 

photocurrent after light removal; ‘mu_kin_ms’), and normalized photocurrent with 560 nm light 

(‘mu_green’). We also include ChR variants’ amino acid and nucleic acid sequences. 

Dataset 4. Limited set of amino acid residues and structural contacts important for model 

predictions identified with L1-regularized linear regression. The relative importance (‘weight’) of 

these sequence and structural features is learned using Bayesian ridge regression. We found a 

different limited set of features for each of the three functional properties of interest 

(‘norm_green’, ‘off_kinetics’, and ‘peak_photocurrent’). Features are either amino acid residues 

(i.e. a sequence feature [‘seq’]) or contacts. The feature position is indicated with numbering 

according to the aligned and truncated ChR sequence. We also include the parental features at 

each position with numbering according the parental sequence. Highly-weighted features 

highlighted in color in Supplemental Figure 3-4 are indicated by their corresponding color. 

Features not highlighted in Supplemental Figure 3-4 are listed as gray. 
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