


a 
 
GCaMP2 MRGSHHHHHHGMASMTGGQQMGRDLYDDDDKDLATMVDSSRRKWNKTGHA     50 
                                             
       VRAIGRLSSLENVYIMADKQKNGIKANFKIRHNIEDGGVQLAYHYQQNTP    100 
 
       IGDGPVLLPDNHYLSTQSKLSKDPNEKRDHMVLLEFVTAAGITLGMDELY    150 
 
       KGGTGGSMVSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKL    200 
 
       TLKFICTTGKLPVPWPTLVTTLTYGVQCFSRYPDHMKQHDFFKSAMPEGY    250 
 
       IQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLE    300 
 
       YNTRDQLTEEQIAEFKEAFSLFDKDGDGTITTKELGTVMRSLGQNPTEAE    350 
 
       LQDMINEVDADGNGTIDFPEFLTMMARKMKDTDSEEEIREAFRVFDKDGN    400 
 
       GYISAAELRHVMTNLGEKLTDEEVDEMIREADIDGDGQVNYEEFVQMMTAK*  450 
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Supplementary  Figure 2.  Summary of positions where mutants were generated. 

(a) Protein sequence of GCaMP2.  The sites of side-directed mutagenesis are 

highlighted. Arginine at position 2 was deleted. Residues in red surround the 



chromophore (highlighted in green).   Residues in blue are known to contribute to GFP 

thermodynamic stability. Residues in pink are at the interface of M13 peptides and 

calmodulin (CaM).  Residues in purple are responsible for the calcium-binding in EF-

hands of CaM.  (b) Structural model of GCaMP3, based on the structure of calcium-

bound monomeric GCaMP2.  The mutated amino acids are highlighted in purple. 
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Supplementary Table 1. Summary of the improved GCaMPs from HEK 293 cell-based 

screening.  The improved GCaMP mutants showed better performance than GCaMP2 in various 

biological systems. GCaMP3 showed the largest signal changes among all variants and was 

further characterized in the sensory neurons of Drosophila and C. elegans and in the intact 

mouse brain. 

 
Sensor 

 

 
    Mutated Residues 

 
In vitro 

Characterization 

 
In vivo 

Characterization 
GCaMP1   C.elegans 

GCaMP1.6   Drosophila 
GCaMP2 - HEK293 cells, brain 

slice 
 

 
GCaMP2.1 

 

 
∆R2 

 
HEK293 cells 

 

 
 

GCaMP2.2a 
 

 
               ∆R2 

T116V(gfp T203V) 
 

 
HEK293 cells, brain 
slice(data not shown) 

 

 
 

GCaMP2.2b 
 

 
∆R2 

S118C(gfp S205C) 
 

 
HEK293 cells, brain 
slice(data not shown) 

 
C. elegans 

(data not shown) 

 
 

GCaMP2.3 

 
∆R2 

T116V(gfp T203V) 
M66K(gfp M153K) 

 

 
HEK293 cells, brain 
slice(data not shown) 

 

 
 

GCaMP2.4 

 
∆R2 

T116V(gfp T203V) 
N363D(cam N60D) 

 

 
HEK293 cells, brain 
slice(data not shown) 

 
 

Drosophila 

 
            
           GCaMP3 

 
∆R2 

T116V(gfp T203V) 
M66K(gfp M153K) 
N363D(cam N60D) 

 

 
 

E. coli, HEK293 cells, 
brain slice  

 
C. elegans 
Drosophila 

Mouse cortex 



 

 
∆F/F % [mean±SD] 

 

 
Signal to Noise [mean±SD] 

 
Number 

of Action 
Potentials 

(APs) 
 
GCaMP3 

 
GCaMP2 

 
D3cpV 

 
TN-XXL 

 
GCaMP3 

 
GCaMP2 

 
D3cpV 

 
TN-XXL 

 
0AP 

 
3.5±2.1 

 
2.9±2.3 

 
2.9±2.1 

 
3.8±2.0 

 
1.5±1.0 

 
1.9±1.4 

 
1.8±1.3 

 
1.9±0.9 

 
1AP 

 
14±2.7 

 
3.6±2.3 

 
5.0±3.0 

 
4.2±2.1 

 
6.1±1.2 

 
2.3±1.5 

 
3.0±1.6 

 
2.3±1.2 

 
2APs 

 
59±34 

 
9.3±8.8 

 
7.7±3.5 

 
6.5±3.5 

 
26±15 

 
6±5.7 

 
4.7±2.1 

 
4.0±1.9 

 
3APs 

 
113±45 

 
18±20 

 
9.5±4.9 

 
6.4±3.0 

 
50±20 

 

 
11.7±12.9 

 
5.8±3.0 

 
3.5±1.7 

 
5APs 

 
215±75 

 
33±32 

 
13±5.8 

 
13±6.7 

 
94±33 

 
21±21 

 
8.0±3.6 

 
7.1±3.7 

 
10APs 

 
373±196 

 
40±40 

 
20±10 

 
22±10 

 
164±86 

 
26±16 

 
13±6.2 

 
12±5.6 

 
20APs 

 
450±240 

 
113±90 

 
32±16 

 
36±15 

 
198±105 

 
73±58 

 
19±10 

 
20±8.1 

 
40APs 

 
505±224 

 
278±84 

 
43±22 

 
49±16 

 
239±136 

 
179±54 

 

 
26±13 

 
27±9.0 

 
Supplementary Table 2.  Comparing GCaMP3 with GCaMP2 and the FRET-based sensors 
D3cpV and TN-XXL in layer 2/3 cortical neurons via in utero electroporation. The average 
fluorescence changes and signal to noise ratio of the GECIs following trains of action potentials 
are shown. 



 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Table 3.  Expression of Genetically-encoded calcium indicators in AWC 

neurons of C. elegans can lead to defective local search turning behaviors in some 

transgenic lines.  However, none of transgenic lines expressing GCaMP3 in AWC neurons 

showed defective local search turning behavior after food removal.  

 
 

Sensor 
 

 
% Transgenic lines 
showing defective 

local search       
turning behavior 

 
 

GCaMP1 
 

 
75 

 
GCaMP2 

 

 
33 

 
YC2.12 

 

 
60 

 
YC3.6 

 

 
                50 

 
 

            TN-XXL 
 

No signal in CFP 
channel  

 
 

             GCaMP3 
 

 
0 



Supplementary Movie 1 
 
Spontaneous neural activity visualized by GCaMP2 in cultured hippocampal brain slice (3x real-
time).  The fluorescence traces were shown in Supp. Fig. 6a. 
 
Supplementary Movie 2 
 
Spontaneous neural activity visualized by GCaMP3 in cultured hippocampal brain slice (3x real-
time). The fluorescence traces were shown in Supp. Fig. 6b. 
 
Supplementary Movie 3 
 
Naturally occurring activity of populations of layer 2/3 neurons expressing GCaMP3 in the 

primary motor cortex (M1) of awake, behaving mouse during 140 sec sequence of two‐photon 

images (10X real time). The outlined neurons on the first frame correspond to the 

fluorescence traces in Fig. 6g.  

 
 
 


