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Supplementary Figure 

 

Figure S1. DNA contstructs for generating transgenic zebrafish lines expressing 

Channelrhodpsin-2/Kaede under the control of the omp. (A) Genomic structure and 

restriction enzyme sites of zebrafish omp gene. The 2.7kb 5′ upstream and 3kb downstream 

region of the omp translation initiation site was amplified by PCR. Black half arrows indicate 

primers. (B) Construction of fusion protein between ChR2 and Kaede. (C) Expression vector 

construction of omp-driven ChR2-Kaede. 

 

 

 

 



 

 

Figure S2. The fused nucleotides and amino acids sequences of Channelrhodopsin-2 

(ChR2) and Kaede. Sequences of nucleotides and amino acids for fused ChR2 and Kaede. 

Box colored blue indicates DNA sequence of ChR2 and red color depicted is Kaede. Kpn I site 

is depicted by white box. 

 



 

Figure S3. Assessment of light-induced neuronal activity in transgenic fish using 

immediate early gene, c-fos. (A-F) Images of c-fos expression according to various 

wavelength of light. (A-C) Sibling non-transgenic controls stimulated by each light source. (D-

F) Transgenic fish irradiated by different light sources. In the blue light source and UV light 

source, the c-fos induction was observed (D, E). (G-I) Time-dependent c-fos induction after 

light irradiation in olfactory epithelium in the transgenic fish. Embryos were fixed at one 

minute (G), ten minutes (H), and thirty minutes (I) after blue light irradiation. Arrow and 

asterisk indicate olfactory epithelium and olfactory bulb, respectively. Scale bar: 100 μm. 

 

 

 



 

Figure S4. Calcium transient in the telencephalon and olfactory tract. (A) Calcium 

imaging of telencephalon and olfactory tract in the transgenic fish. White arrows indicate 

medial olfactory tract and arrowhead depict axon of mitral cell in the telencephalon area. Hb, 

habenula; OB, olfactory bulb; MOT, medial olfactory bulb. Scale bar: 50 μm 

 

 

 

 

 

 

 

 

 

 



 

Figure S5. Habenular calcium responses by light-driven olfactory activation or odorant 

application. (A) Still images of calcium transient in the zebrafish habenula region. (A) Blue 

light-driven habenular responses in the Tg(omp:ChR2-Kaede; huc:GAL4- VP16; 

UAS:GCaMP7a) larvae (B) Habenular calcium response upon odorant (aroma oil, Citrus 

paradisi) treatment in the tg(huc:GAL4- VP16; UAS:GCaMP7a). Arrows indicate increased 

calcium signal region of right habenula upon olfactory activation.  


