
Fig. S1. Amino acid alignments for the three opsins. Amino acid alignments of the informative positions for (A) UV, (B) SW, 
and (C) LW opsins. The parallel substitutions occurring in the diurnal species/lineages are highlighted in yellow. The amino acid 
positions follow those of each orthologous opsin in M. sexta. Dots indicate identical residues to those of the top line. The 
transmembrane domains were deduced based on each orthologous opsin sequence of M. sexta, and the minimum distances 
between the retinal and the amino acid positions were estimated based on the 3D structure of jumping spider Rh1. 

Fig. S2. Spectral sensitivities of the compound eyes determined by ERG and the absorption spectra of visual pigments 
estimated with the effect of screening pigments. In the (A, B) nocturnal and (C, D) diurnal species, filled circles indicate mean ± 
SE of the measurements in multiple individuals, n, shown next to the species name. The open circles in panel C indicate the 
recorded sensitivity from the ventral eye region of C. hylas (n = 20: 16 males and 4 females). Dotted color lines are the absorption 
spectra of the individual visual pigments in the model fitting with the effect of the screening pigments. Solid line is the weighted 
sum of the three spectra minus the absorption spectrum of the screening pigments. Inset shows the spectrum of presumptive 
screening pigments. A frontal section of the compound eye is shown next to the spectral sensitivity. The clear zone (cz) separates 
the dioptric apparatus (crystalline cone, cc, and cornea, co) and the retina (re), where screening pigments reside. Arrow points to the 
position of the basement membrane (bm). Scale bar = 100 µm. 
The model fitting to the ERG data indicated that the contribution of UV and SW pigments were equally high, while LW pigments 
contributed most (Table 3; Table S3). The results fitted even better to the results of the expression ratios of the opsin genes (Fig. 2). 
The estimated λmax values of UV and LW pigments were also similar: importantly, the shift direction and the amount both in LW 
pigments appear robust (Table 3; Table S3). On the other hand, for the estimated λmax values of SW pigments the shift direction 
was opposite (Table 3; Table S3). This contradictory result is probably led by an inaccurate estimation due to the overlap of the 
absorption peak of SW pigments and the Gaussian mound in the screening pigments’ absorption spectrum. Thus, measurement of 
the absorbance spectra of the screening pigments in the hawkmoths is warranted in the futu
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Table S1. Hawkmoth sample information surveyed by RNA-seq

Table S2. List of primers for PCR and sequencing
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Table S3. Parameters of the absorption spectra of visual and screening pigments in the hawkmoth species
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