Supplemental figure legends
Figure S1. N1E-115 cells harboring Sema5A p.R676C exhibit excessive morphological changes. (A, B) N1E-115 cells stably harboring either wild type Sema5A or Sema5A p.Arg676Cys (R676C) were cultured for 0 or 2 days following the induction of differentiation. Representative images are shown. Cells with processes are depicted statistically (** p < 0.01; n = 10 fields).

Figure S2. N1E-115 cells harboring Sema5A p.R676C exhibit excessive morphological changes (related to Figure S1). The length of the longest processes is depicted statistically (** p < 0.01; n = 50 cells total from 5 independent cultures).

Figure S3. Effects of plasmids encoding gRNA and expression of transfected domain on respective target proteins in N1E-115 cells. (A-C) N1E-115 cells were transfected with plasmids encoding gRNA targeting Arf6 (gArf6 generated from nucleotide 169 or 345), FE65 (gFE65 generated from nucleotide 1011 or 1182), or luciferase (gControl), together with either Cas13 or the FE65-binding domain (FBD) tagged with GFP. Transfected cell lysates were immunoblotted with antibodies against Arf6, FE65, GFP, and actin, respectively. Because the gRNAs for Arf6 (generated from nucleotide 169) and FE65 (generated from nucleotide 1011) effectively knocked down Arf6 and FE65 protein expression, respectively, we selected and used these gRNAs in subsequent experiments.

Figure S4. CRISPR/Cas13-mediated knockdown of Arf6 or FE65 or domain expression recovers mutated Sema5A-induced excessive process elongation in N1E-115 cells (related to Figures 1-3). Cells stably harboring Sema5A p.Arg676Cys (R676C) were transfected with plasmids encoding gRNA for luciferase (gControl), Arf6 (gArf6, A), or FE65 (gFe65, B), together with Cas13 or a plasmid encoding the FE65-binding domain (FBD, C) tagged with GFP or its empty vector (control). Cells were cultured for 2 days following the induction of differentiation. The length of the longest processes is depicted statistically (** p < 0.01; n = 50 cells total from 5 independent cultures).

Figure S5. Effects of knockdown of Arf6 or FE65 or expression of domain protein on primary cortical neurons. (A, B) Primary cortical neurons were transfected with plasmids encoding gRNA for luciferase (gControl), Arf6 (gArf6), or FE65 (gFe65), together with Cas13 or a plasmid encoding the FE65-binding domain (FBD), along with Sema5A p.Arg676Cys and GFP to visualize cell morphology. Cells were cultured for 1 or 3 days. The morphology of the cells is depicted in the diagram. Cells with identifiable axons were counted and are represented graphically (** p < 0.01; n = 30 fields).

Figure S6. Effects of knockdown or expression on axonal length in primary cortical neurons (related to Figure S5). The length of axons 3 days after respective transfections (control knockdown, Arf6 knockdown, FE65 knockdown, and domain expression) is depicted statistically (** p < 0.01; n = 100 cells total from 10 independent cultures).

Figure S7. Axon length measured after staining cells in which Arf6 or FE65 was knocked down or specific protein domains were expressed. (A) Primary cortical neurons were transfected with plasmids encoding gRNA for luciferase (gControl), Arf6 (gArf6), or FE65 (gFe65), together with Cas13 or a plasmid encoding FE65-binding protein (FBD), along with Sema5A p.Arg676Cys. Cells were cultured for 2 days and stained with an anti-Tau antibody. The cell body and axon are outlined with dotted lines. Phase-contrast images are also shown. (B) The length of axons following respective transfections (control knockdown, Arf6 knockdown, FE65 knockdown, and domain expression) is depicted statistically (** p < 0.01; n = 50 cells total from 5 independent cultures).

Figure S8. Knockdown of Arf6 or FE65 or transfection of FE65-binding domain recovers mutated Sema5A-induced excessive Rac1 activation in primary cortical neurons. Primary cortical neurons were transfected with each plasmid encoding wild type Sema5A (WT) or Sema5A p.Arg676Cys (R676C) together with plasmids encoding gRNA for Arf6 (gArf6), FE65 (gFe65), or luciferase (gControl), along with Cas13 or the FE65-binding domain (FBD) or its empty vector (vector). Cells were cultured for 2 days following the induction of differentiation. Lysates were analyzed using a G-LISA GTPase kit to quantify GTP-bound Rac1 levels (** p < 0.01; n = 3).

Figure S9. Effects of plasmids encoding gRNA and expression of transfected domain on neuronal marker proteins in N1E-115 cells. (A-C) N1E-115 cells were transfected with plasmids encoding gRNA targeting Arf6 (gArf6), FE65 (gFe65), or luciferase (gControl), together with Cas13 or the FE65-binding domain (FBD) or its empty vector (control). Transfected cell lysates at 0 or 2 days following the induction of differentiation were immunoblotted with antibodies against GAP43, b3 tubulin, and actin, respectively. Immunoreactive band values were calculated by dividing the band intensity of the marker protein by the band intensity of the actin protein and expressed statistically (** p < 0.01; n = 3 blots).

Figure S10. Effects of plasmids encoding gRNA and expression of transfected domain on neuronal marker proteins in N1E-115 cells harboring wild type Sema5A. (A-C) N1E-115 cells stably harboring wild type Sema5A were transfected with plasmids encoding gRNA targeting Arf6 (gArf6), FE65 (gFe65), or luciferase (gControl), together with Cas13 or the FE65-binding domain (FBD) or its empty vector (control). Cell lysates collected at 0 or 2 days following the induction of differentiation were immunoblotted with antibodies against GAP43, b3 tubulin, and actin. Immunoreactive band values were calculated by dividing the band intensity of the marker protein by the band intensity of the actin protein and expressed statistically (** p < 0.01; n = 3 blots).

Figure S11. Effects of plasmids encoding gRNA and expression of transfected domain on morphological differentiation in N1E-115 cells harboring wild type Sema5A. (A-C) N1E-115 cells stably harboring wild type (WT) Sema5A were transfected with plasmids encoding gRNA targeting Arf6 (gArf6), FE65 (gFe65), or luciferase (gControl), together with Cas13 or the FE65-binding domain (FBD) or its empty vector (control). Cells with processes at 2 days following induction of differentiation are depicted statistically (** p < 0.01; n = 10 fields).

Figure S12. Effects of plasmids encoding gRNA and expression of transfected domain on morphological differentiation in N1E-115 cells harboring wild type Sema5A (related to Figure S11). (A-C) The length of the longest processes is depicted statistically (** p < 0.01; n = 50 cells total from 5 independent cultures).

Figure S13. Effects of knockdown of Arf6 or FE65 on a signalosome containing ELMO2. (A-C) N1E-115 cells stably harboring Sema5A p.Arg676Cys were transfected with plasmids encoding gRNA targeting luciferase (gControl), Arf6 (gArf6), or FE65 (gFe65), together with Cas13 and ELMO2, which was tagged with RFP to detect signalosomes containing ELMO2, and cultured for 2 days. The cell periphery is indicated by a white dotted line. RFP-positive signalosomes in the cell body (A), process (B), and process tip (C) in cells were counted and results are presented statistically (** p < 0.01; n = 200 cells).

Figure S14. Proposed schematic model for downstream signaling of Sema5A p.Arg676Cys (Sema5A R676C) that differs from wild type Sema5A. Whereas wild type Sema5A regulates process elongation through Arf6 and Rac1, Sema5A p.Arg676Cys mediates excessive elongation of neuronal processes via Arf6, the FE65-containing signaling complex, and Rac1. It is known that IQSEC2, an ASD-associated GEF specific for Arf6, generally promotes Arf6 activity. Arf6 is involved in the regulation of multiple effectors (molecules highlighted in deep blue) that can contribute to process elongation ([56-60]). FIP3/4, family interacting protein 3/4; JIP3/4, c-Jun N-terminal kinase-interacting protein 3/4; PI3K, phosphoinositide 3-kinase; PIP5K, phosphatidylinositol-4-phosphate 5-kinase; and PLD, phospholipase D.

Figure S15. Computer-saved full-size gel images of blots in Figure 1.

Figure S16. Computer-saved full-size gel images of blots in Figure 2.

Figure S17. Computer-saved full-size gel images of blots in Figure 3.

Figure S18. Computer-saved full-size gel images of blots in Figure S3.

Figure S19. Computer-saved full-size gel images of blots in Figure S9.

Figure S20. Computer-saved full-size gel images of blots in Figure S10.
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