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Supplementary Figure S1 Identification of SWIM domains
A-C: Identification of ZSWIM family members and localization of SWIM domain in 
mice, Xenopus, and zebrafish.



Supplementary Figure S2 Multiple sequence alignment and protein-protein 
interaction analysis
A: Amino acid sequence alignment of highly identical members. B: Prediction of 
interactions between ZSWIM family members using the online STRING tool. The red 
rectangle highlights possible interactions among ZSWIM5, ZSWIM6, and ZSWIM8. 



Supplementary Figure S3 Percentage of sequence identity of aligned ZSWIM 
family members
A-C: Heatmap representing percentage identity of highly identical members of the 
ZSWIM family i.e., ZSWIM5, ZSWIM6, and ZSWIM8.



Supplementary Figure S4 Gene structure analysis
Exon-intron structure of ZSWIM genes in humans (A), mice (B), Xenopus (C), and 



zebrafish (D).





Supplementary Figure S5 Identification of conserved motifs in ZSWIM family 
members 
A, C, E, G, I, K, M, O, Q: Schematic representations of ZSWIM1, ZSWIM2, ZSWIM3, 
ZSWIM4, ZSWIM5, ZSWIM6, ZSWIM7, ZSWIM8, and ZSWIM9 showing different 
conserved motifs in humans, mice, and Xenopus. Motif abbreviations: PGPGW, 
putative transmembrane protein family; SWIM, zinc finger SWIM-type domain; DUF, 
domain of unknown function; FGBDN, formin N-terminal GTPase binding domain; 
YVRJ, YvrJ protein family; CLATHRIN-L, clathrin heavy chain linker; FLILHELTA, 
hypothetical protein family; HECT, ubiquitin transferase domain; VASL, type VI 
secretion system protein family; hnRNP, heterogenous nuclear ribonuclear protein 
family. B, D, F, H, J, L, N, P, R: Sequence logos of each identified domains in the 
corresponding ZSWIM members. S: ZSWIM4, ZSWIM5, ZSWIM6, and ZSWIM8 
contained conserved motifs in all four organisms, as indicated by sequence logos in (T). 



Supplementary Figure S6 Faint expression of zswim9 throughout embryogenesis

Spatial expression levels of zswim9 were analyzed by whole-mount in situ 
hybridization. (A-A”) Stage 2 embryo, animal view (A), lateral view (A’), vegetal view 
(A”). (B-B”) Stage 3 embryo, animal view (B), lateral view (B’), vegetal view (B”). 
(C) Embryo at blastula stage (stage 6), animal view (C), vegetal view (C’). (D, D’) 
Blastula stage (stage 8), animal view (D), vegetal view (D’). (E) Gastrula stage (stage 
10). Blastopore lip is indicated by red arrow. (F) Mid gastrula stage (stage 11), dorsal 
view. (G) Early neurula stage (13), dorsal view. (H-H’) Mid neurula stage (stage 16) 
lateral view (H), anterior (H’) view. (H”) Late neurula stage (stage 20), dorsal view. (I-
J’) Mid tailbud stage (stage 24) lateral view (I), dorsal view (I’). Longitudinal (J) and 



transverse sections (J’). (K-O) Late tailbud stages (stages 27 to 34), lateral view. (P) 
Late tailbud stage (stage 34). (P-R’) Sections of stage 34 embryos. (P) Longitudinal 
section. (Q-Q’’’) Transverse sections (R-R’). (R, R’) Longitudinal sections crossing 
head region. Abbreviations: a, animal; b, brain; br, branchial arch; bl: blastopore lip; e, 
eye; fg, foregut; np, neural plate; nt, neural tube; s, somites; tp, trigeminal placode; v, 
vegetal.



Supplementary Table S1 List of Zswim gene accession numbers used in this study.



Supplementary Table S2 List of all ZSWIM family members identified in four well-
characterized model organisms, including humans, mice, X. tropicalis, and zebrafish.


