Expanded figure legends for figures 7, 8 and 9 that include details of statistical analysis of data.

Figure 7. Opposing effects of ArKPP1- and ArKPP2-derived neuropeptides on in vitro organ preparations from A. rubens. A,B. ArKP1.1 and ArKP1.2 cause relaxation of gonad preparations pre-contracted with acetylcholine, whereas ArKP2.2 causes contraction of gonad preparations (see also Additional file 5; Fig. S4). C. Graph comparing relaxing effects of neuropeptides on gonad preparations (normalised as percentage reversal of contracting effect of 10-6 M acetylcholine); effects of ArKP1.1 and ArKP1.2 are significantly smaller than effect of pedal peptide-type neuropeptide ArPPLN2h (mean ± SEM; n = 6; ordinary one-way ANOVA followed by Tukey’s multiple comparison post-hoc tests; **** p< 0.0001) but there is no significant difference in effects of ArKP1.1 and ArKP1.2 (mean ± SEM; n = 6; Tukey’s multiple comparison post-hoc tests, p = 0.9337). D. Graph comparing contracting effects of ArKP2.2 and acetylcholine (both at 10-6 M) on gonad preparations  (normalised to contracting effect of 10-6 M acetylcholine); effect of ArKP2.2 is significantly smaller than effect of acetylcholine (mean ± SEM; n = 6; student’s t-test; **** p< 0.0001). E. ArKP1.1 and ArKP1.2 cause relaxation of cardiac stomach preparations pre-contracted with KCl-supplemented seawater; the two vertical lines represent interruptions in the recordings when other peptides were tested. F. ArKP2.2 causes contraction of a cardiac stomach preparation. G. Graph comparing dose-dependent relaxing effects of ArKP1.1 and ArKP1.2 on cardiac stomach preparations, normalised as percentage reversal of KCl-induced contraction (mean ± SEM; n = 8). ArKP1.2 is more potent than ArKP1.1 and, accordingly, significant differences in effects of the peptides are observed at 10-8 M and 10-9 M (student’s t-test; *** p = 0.0004 and * p = 0.0221, respectively). H. Graph comparing relaxing effects of ArKP1.1, ArKP1.2 and S2 (all at 10-6 M) on cardiac stomach preparations, normalised as percentage reversal of KCl-induced contraction (mean ± SEM; n = 8). Effect of ArKP1.2, but not ArKP1.1, is significantly larger than effect of S2 (Dunnett’s multiple comparison test; * p = 0.0366 and p = 0.0583, respectively). I.  Graph showing dose-dependent contracting effect of ArKP2.2 on cardiac stomach preparations, normalised to effect of 10-6 M acetylcholine (mean ± SEM; n = 8). J. Contracting effects of acetylcholine and ArKP2.2 (both at 10-6 M ) on a tube foot preparation. K.  Graph showing dose-dependent contracting effect of ArKP2.2 on tube foot preparations, normalised to effect of 10-6 M acetylcholine (mean ± SEM; n = 6). 

Figure 8. In vivo injection of ArKPP1- and ArKPP2-derived neuropeptides triggers partial eversion of the cardiac stomach in A. rubens. A. Photographs of starfish injected with water (negative control; i-iii), asterotocin (positive control; iv-vi), S2 (positive control; vii-ix), ArKP1.1 and ArKP1.2 (x-xii), 10% DMSO (negative control for ArKP2.2; xiii-xv) and ArKP2.2 in 10% DMSO (xvi-xviii) at 0, 5, and 10 minutes after injection. Cardiac stomach eversion is observed after injection of asterotocin, S2, ArKP1.1+ArKP1.2 and ArKP2.2 and the area of the everted cardiac stomach is labelled with black dashed lines. Note that asterotocin also induces flexion of arms, as reported previously [18]. B. Graph comparing the area of the cardiac stomach everted, expressed as a percentage of the area of the central disk region (mean ± SEM), at one-minute intervals over a ten-minute period following injection of 10 µl 10-3 M asterotocin; n = 6), 100 µl 10-3 M S2 (n = 6), 100 µl 10-3 M ArKP1.1 (n = 12), 100 µl of 10-3 M ArKP1.2 (n = 12) and 100 µl aqueous solution containing 0.5 x 10-3 M ArKP1.1 and 0.5 x 10-3 M ArKP1.2 (n = 6) and 10 µl water (n = 6). Note that injection of water, ArKP1.1 alone or ArKP1.2 alone had no effect and the symbols for these treatments are overlapped in the graph. C, D. Graphs showing that the area of the everted stomach at 5 (C) and 10 (D) minutes post-injection is significantly larger in animals injected with 10 μl 10-3 M asterotocin compared to animals injected with 100 μl 10-3 M S2 or 100 μl aqueous solution containing 0.5 x 10-3 M ArKP1.1 and 0.5 x 10-3 M ArKP1.2 (Tukey’s multiple comparison tests; * p = 0.0360 and 0.0316, **** p< 0.0001). There is no significant difference in the area of the everted stomach at 5- and 10-minutes post-injection of 100 μl aqueous solution containing 0.5 x 10-3 M ArKP1.1 and 0.5 x 10-3 M ArKP1.2 when compared to 100 μl 10-3 M S2 (Tukey’s multiple comparison tests; p = 0.9975 at 5 min, p = 0.5175 at 10 min). E. Graph comparing the area of cardiac stomach everted, expressed as a percentage of the area of the central disk region (mean ± SEM), at one-minute intervals over a ten-minute period following injection of 10 µl 10-3 M asterotocin (n = 6), 100 µl 10-3 M S2 (n = 6), 10 µl water (n = 6;), 10 µl 10-3 M ArKP2.2 (n = 11) and 10 µl 10% DMSO (n = 10) Note that injection of water or 10% DMSO had no effect and the symbols for these treatments are overlapped in the graph.. F, G. Graphs showing that the area of everted stomach at 5 (F) and 10 (G) minutes post-injection is significantly larger in animals injected with 10 μl 10-3 M asterotocin compared to the animals injected with 100 μl 10-3 M S2 or 10 μl 10-3 M ArKP2.2 (Tukey’s multiple comparison tests; * and ** p = 0.0122 and 0.0048 at 5 min, **** p< 0.0001 at 10 min). There is no signficant difference in the area of the everted stomach at 5- and 10-minutes post-injection of 10 µl 10-3 M ArKP2.2 when compared to 100 µl 10-3 M S2 (Tukey’s multiple comparison tests; p = 0.9997 at 5 min, p = 0.9892 at 10 min).

Figure 9. Analysis of the effects of ArKPP1- and ArKPP2-derived neuropeptides on righting behaviour in A. rubens. A. Graph showing time taken (mean ± SEM)  for starfish to right without injection (n = 46, pooled data) or after injection of water (n = 10, 10 μl), asterotocin (n = 10; 10 μl 10-3 M), S2 (n = 10; 100 μl 10-3 M), ArKP1.1 (n = 8; 100 μl 10-3 M), ArKP1.2 (n = 8; 100 μl 10-3 M) or ArKP1.1 + ArKP1.2 (n = 10; 100 μl aqueous solution containing 0.5 x 10-3 M ArKP1.1 and 0.5 x 10-3 M ArKP1.2). Statistical analysis reveals significant differences in time taken to right between non-injection and injection with asterotocin or S2 or ArKP1.2 or ArKP1.1 + ArKP1.2 (Kruskal-Walis test followed by Dunn’s multiple comparison post-hoc tests; asterotocin, **** p < 0.0001; S2, *** p = 0.0005;  ArKP1.2, ** p = 0.0033; ArKP1.1 + ArKP1.2 , **** p < 0.0001). No significant difference in righting time is observed between non-injection and injection with water (control) or ArKP1.1 (Kruskal-Walis test followed by Dunn’s multiple comparison post-hoc tests; ArKP1.1, p = 0.6787; water, p > 0.9999). B. Graph showing percentage difference in righting time (mean ± SEM) without injection and with injection of water (n = 10; 10 μl) or asterotocin (n = 10; 10 μl 10-3 M), or S2 (n = 10; 100 μl 10-3 M) or ArKP1.1 (n = 8; 100 μl 10-3 M) or ArKP1.2 (n = 8; 100 μl 10-3 M) or ArKP1.1 + ArKP1.2  (n = 10; 100 μl aqueous solution containing 0.5 x 10-3 M ArKP1.1 and 0.5 x 10-3 M ArKP1.2). In comparison with non-injection versus water-injection the mean percentage difference in righting time is statistically significant for non-injection versus injection with asterotocin or S2 or ArKP1.2 or ArKP1.1 + ArKP1.2 (ordinary one-way ANOVA followed by Dunnett’s multiple comparison post-hoc tests; asterotocin, **** p < 0.0001; S2, *** p = 0.0002;  ArKP1.2, ** p = 0.0072; ArKP1.1 + ArKP1.2, **** p < 0.0001). The mean percentage difference in righting time is not statistically significant for non-injection versus injection with ArKP1.1 (ordinary one-way ANOVA followed by Dunnett’s multiple comparison post-hoc tests; p = 0.1185). C. Graph showing time taken (mean ± SEM) for starfish to right without injection (n = 50, pooled data) or after injection of water (n = 10, 10μl), asterotocin (n = 10; 10 μl 10-3 M), S2 (n = 10; 100 μl 10-3 M), ArKP2.2 (n = 10; 10 μl 10-3 M) or 10% DMSO (n = 10). Statistical analysis revealed significant differences in time taken to right between non-injection and injection with asterotocin or S2 or ArKP2.2 (Kruskal-Walis test followed by Dunn’s multiple comparison post-hoc tests; asterotocin,  **** p < 0.0001; S2, *** p = 0.0013;  ArKP2.2, * p = 0.0310). No significant difference in righting time is observed between non-injection and injection with water or 10% DMSO (vehicle for ArKP2.2) (Kruskal-Walis test followed by Dunn’s multiple comparison post-hoc tests; water, p > 0.9999; 10% DMSO, p = 0.4282). D. Graph showing the percentage difference in righting time (mean ± SEM) without injection and with injection of water (n = 10; 10 μl) or asterotocin (n = 10; 10 μl 10-3 M) or S2 (n = 10; 100 μl 10-3 M) or ArKP2.2 (n = 10; 10 μl 10-3 M). In comparison with non-injection versus water-injection the mean percentage difference in righting time is statistically significant for non-injection versus injection with asterotocin or S2 or 10% DMSO against non-injected (ordinary one-way ANOVA followed by Dunnett’s multiple comparison post-hoc tests; asterotocin, **** p < 0.0001; S2, *** p = 0.0005;  10% DMSO, * p = 0.0192.  Mean percentage difference in righting time is not statistically significant for non-injection versus injection with ArKP2.2 (ordinary one-way ANOVA followed by Dunnett’s multiple comparison post-hoc tests; p = 0.0871). There is not a statistically significant difference in the mean percentage difference in righting time for non-injection and injection with ArKP2.2 compared to non-injection and injection with 10% DMSO (Unpaired t test with Welch's correction; p = 0.5954).

