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Modelling scale morphogenesis in a Devonian chondrichthyan and scale growth patterns in crown gnathostomes
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FIGURE S1. Box plots of the measurement data of the 6 morphotypes of Gualepis elegans scale classified by the cluster analysis. A, Ratio of length to width of the scale crown and base; B, Angle between length and width of the scale crown and base; C, The ratio of the differences between crown’s anterior lateral edges to crown width, and the ratio of the differences between crown’s posterior lateral edges to crown width; D, The ratio of the differences between base’s anterior lateral edges to crown width, and the ratio of the differences between base’s posterior lateral edges to crown width.
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FIGURE S2. 3D virtual models of Gualepis elegans scales. A, Morphotype 1 (V26852.2) in crown (A1), basal (A2), anterior (A3) and lateral (A4) views; B, Morphotype 2 (V26852.3) in crown (B1), basal (B2), anterior (B3) and lateral (B4) views; C, Morphotype 3 (V26852.4) in crown (C1), basal (C2), anterior (C3) and lateral (C4) views; D, Morphotype 4 (V26852.5) in crown (D1), basal (D2), anterior (D3) and lateral (D4) views; E, Morphotype 5 (V26850.5) in crown (E1), basal (E2), anterior (E3) and lateral (E4) views; F, Morphotype 6 (V26852.6) in crown (F1), basal (F2), anterior (F3) and lateral (F4) views. Scale bar = 0.2 mm.
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FIGURE S3. Real thin sections, SEM photos, and 3D virtual models. A–G, Gualepis elegans scales. A, the full view of ‘Fig. 2J’ (V26851.9); B, vertical longitudinal section of a morphotype 3 scale (V26851.6) under polarized light; C, SEM photo of a morphotype 1 adult scale (V26850.11); D, the close-up of the inset in ‘C’; E, SEM photo of a morphotype 1 adult scale (V26850.12) with a small basal cavity opening; F, SEM photo of an eroded morphotype 1 scale (V26850.13); G1, 3D virtual model of a morphotype 1 scale (V26852.1) in basal view; G2, 3D virtual model with canal system of V26852.1 in basal view; G3, canal system of V26852.1 in basal view; H1, 3D virtual model of a juvenile scale identified by Wang (1984) (V26853.1) in crown view; H2, 3D virtual model with canal system of V26853.1 in crown view; H3, canal system of V26853.1 in crown view; H4, 3D virtual model with canal system of V26853.1 in lateral view. Scale bar =0.1 mm.
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FIGURE S4. Phylogenetic relationships of gnathostomes. A, The strict consensus tree of 4224 most parsimonious trees, Numbers above and below branches denote Bremer support and Bootstrap values (≥50% are shown); B, 50% Majority-rule consensus tree, Numbers on branches indicate the percentage of most-parsimonious trees that contain a particular clade (100% unless otherwise indicated).


Supplementary Note 1: Methods
μCT scan and three-dimensional reconstruction. Most of the scales were scanned by the 225 kV micro-computerized tomography (developed by the Institute of High Energy Physics, CAS) at the Key Laboratory of Vertebrate Evolution and Human Origins, CAS (Wang et al., 2019). Each sample was scanned with beam energy of 100 kV and a flux of 100 μA at a resolution of 5.96 μm per pixel using a 360° rotation with a step size of 0.5°. A total of 720 projections were reconstructed in a 2048*2048 matrix of 1536 slices using the two-dimensional reconstruction software developed by the Institute of High Energy Physics, CAS. Digital reconstructions of specimens used in this study are available through Admorph: http://www.admorph.org/.

One scale was scanned by the Zeiss Xradia 520 Versa X-ray Microscope (Carl Zeiss X-ray Microscopy, Inc., Pleasanton, USA) at Yunnan Key Laboratory for Palaeobiology, Yunnan University, Kunming, China. The samples were scanned with scanning energy of 50 kV/4W at a resolution of 1.93 μm. 1353 TIFF images were output.
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