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Supplementary Figures and Figure Legends
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Figure S1. SPEM3 is evolutionarily conserved across mammalian species.
Multiple sequence alignment of SPEM3 orthologs from nine representative mammalian species, visualized by ESPript.
[image: ]
Figure S2. Domain analysis of SPEM3 from nine representative mammalian species.
The amino acid sequences of SPEM3 were analyzed using the SMART database. Transmembrane domains spanning residues 26–48 were identified in all species.
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Figure S3. The construction and validation of Spem3-EGFP mice.
(A) CRISPR-Cas9 strategy used to generate Spem3-KI mice. An EGFP tag was inserted immediately before the Spem3 stop codon, resulting in the translation of a SPEM3-EGFP fusion protein. (B) Western blot analysis of testis lysates from Spem3-KI mice using an anti-GFP antibody to detect the SPEM3-EGFP fusion protein. TUBULIN served as the loading control. (C) Immunofluorescence staining of EB3 in developing spermatids from Spem3-KI mice. (D) HEK293T cells were transfected with the SPEM3-HA plasmid. Forty-eight hours after transfection, cell lysates were prepared for immunoblotting and incubated with anti-SPEM3 and anti-HA antibodies, using TUBULIN as a loading control. In the fluorescence scan, SPEM3 is shown in red, HA in green, and their merged image shows co-localization as yellow. The original gray-scale signals correspond to the red and green channels, respectively.
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Figure S4. Localization of testis-enriched TEX50 to the posterior ring in mature spermatozoa.
(A) Phylogenetic tree illustrating evolutionary conservation of TEX50 across mammals and reptiles. The tree scale indicates the number of amino acid substitutions per site. (B) Multiple sequence alignment of TEX50 orthologs from seven representative mammalian species, visualized by ESPript. (C) Domain analysis of TEX50 from the seven mammals shown in (B), predicted by SMART. (D) Western blot analysis of TEX50 expression across various adult mouse organs, with GAPDH as the loading control. (E) Western blot analysis of TEX50 expression in developing mouse testes, with GAPDH as the loading control. (F) Immunofluorescence staining of TEX50 in mouse spermatozoa from the cauda epididymis. (G) CRISPR-Cas9 strategy used to generate Tex50-KI mice. An HA tag was inserted immediately before the Tex50 stop codon, resulting in the translation of a TEX50-HA fusion protein. (H) Western blot analysis of testis lysates from Tex50-KI mice using an anti-HA antibody to detect the TEX50-HA fusion protein. TUBULIN served as the loading control. (I) Co-immunofluorescence staining of HA and EB3 in developing spermatids of Tex50-KI mice. (J) 
HEK293T cells were transfected with the TEX50-HA plasmid. Forty-eight hours after transfection, cell lysates were prepared for immunoblotting and incubated with anti-TEX50 and anti-HA antibodies, using TUBULIN as a loading control. In the fluorescence scan, TEX50 is shown in red, HA in green, and their merged image shows co-localization as yellow. The original gray-scale signals correspond to the red and green channels, respectively.
[image: ]
Figure S5. Retention of cytoplasmic remnants in Spem3–/– and Tex50–/– sperm heads. 
Immunofluorescence staining of SYPL1 in WT, Spem3–/– and Tex50–/– epididymal cauda spermatozoa.
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Figure S6. Expression of genes corresponding to testis-enriched proteins commonly downregulated in Spem3–/– and Tex50–/–spermatozoa across testicular cell types.
(A-B) Expression distribution across different cell types in human and mouse testis. Genes predominantly expressed in spermatids/spermatozoa (SPT) are highlighted in red. SPG: spermatogonia; SPC: spermatocytes; SPT: spermatids/sperm; SC: Sertoli cells; LC: Leydig cells; PTM: peritubular myoid cells; EC: endothelial cells; SMC: vascular smooth muscle cells; T: T cells; Immune: immune cells.
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Figure S7. Candidate posterior ring components in human and mouse.
Protein–protein interaction (PPI) network analysis was conducted for SPT-enriched proteins commonly downregulated in Spem3 and Tex50 knockout spermatozoa using the STRING database (https://cn.string-db.org/). The intersected proteins underwent cellular component enrichment analysis. White circles indicate candidate proteins that potentially represent conserved posterior ring components.
Supplementary Tables and Table Legends
Table S1. Primers for genotyping of Spem3-KO, Tex50-KO, Spem3-KI and Tex50-KI mice.
	Primer
	Sequence (5’→3’)
	Product size

	Spem3 F
	GAGGCTCAGTGTGGGAAGAA
	KO: 568 bp

	Spem3 R
	AGACACAGTGGCAGAACAAGC
	

	Spem3 F1
	TCTAGATTCCAACCAAGTCTCTGAG
	WT: 392 bp

	Spem3 R1
	GGCTCCGTGGTAGATTCGT
	

	Tex50 F
	GCCCATTCCAAGACACCA
	KO: 416 bp

	Tex50 R
	AACTGAGTAACTTGCTGTGTGTGC
	

	Tex50 F1
	CACAGAGGAATGTTTAGTCACACG
	WT: 194 bp

	Tex50 R1
	GCTCTCTTTGGTAGACTCACAGG
	

	Spem3 F4
	CCTCCTAAAATCAACTGGAAGCCC
	KI: 294 bp

	Spem3 R3
	CTCGCCCTTGCTCACCATTT
	

	Spem3 F4
	CCTCCTAAAATCAACTGGAAGCCC
	WT: 426 bp

	Spem3 R4
	GTCACATTTGGCTAGTGGTTAGTAT
	

	[bookmark: _Hlk207098366]Tex50 F3
	GCTTCCTTAGAGAAACACGCTAATG
	KI: 255bp

	Tex50 R3
	GTAATCTGGAACATCGTATGGGTA
	

	Tex50 F4
	AACCAGGGTACAAATAATTGAAGTC
	WT: 317 bp

	Tex50 R4
	GTGAAGGTAATAATTGGCAGGAAAG
	




Table S2. Overview of the antibodies or dyes used in this study.
	Overview of the antibodies or dyes used in this study
	Manufacturer
	Cat No.

	TEX50 (IF, 1:50; WB, 1:500)
	Dia-an Biotech
	homemade

	SPEM3 (IF, 1:50; WB, 1:500)
	Dia-an Biotech
	homemade

	FNDC8 (WB, 1:500)
	Dia-an Biotech
	homemade

	α-tubulin (IF, 1:100; WB, 1:5000)
	Abclonal
	AC012

	sp56 (IF, 1:200)
	QED
	55101

	CCIN (IF, 1:100; WB, 1:1000)
	Proteintech
	13972-1-AP

	ACTL7A (IF, 1:100; WB, 1:1000)
	Proteintech
	17355-1-AP

	ACTRT2 (WB, 1:1000)
	Proteintech
	16992-1-AP

	CAPZB (IF, 1:100; WB, 1:1000)
	Proteintech
	25043-1-AP

	GAPDH (WB, 1:3000)
	Proteintech
	60004-1-Ig

	EB3 (IF, 1:200)
	Proteintech
	23974-1-AP

	CYLC1 (IF, 1:50)
	Santa Cruz Biotechnology
	sc-166400

	SUN5 (IF, 1:50)
	Proteintech
	17495-1-AP

	SPATA6 (IF, 1:50)
	Proteintech
	11849-1-AP

	HA (IF, 1:200; WB, 1:1000)
	Cell Signaling Technology
	2367S

	SYPL1 (IF, 1:100)
	Abcam
	ab184176

	GFP (WB, 1:1000)
	Abcam
	ab6556

	acetylated tubulin (IF, 1:200)
	Sigma-Aldrich
	T7451

	SPATC1L (IF, 1:100)
	Bio-Techne
	NBP1-90940

	Alexa Fluor 488 conjugate of 
lectin PNA (1:200)
	Thermo Fisher
	L21409

	goat anti-mouse FITC (IF, 1:200)
	Zhong Shan Jin Qiao
	ZF-0312

	goat anti-rabbit FITC (IF, 1:200)
	Zhong Shan Jin Qiao
	ZF-0311

	goat anti-mouse TRITC (IF, 1:200)
	Zhong Shan Jin Qiao
	ZF0313

	goat anti-rabbit TRITC (IF, 1:200)
	Zhong Shan Jin Qiao
	ZF-0316

	IRDye 800CW goat anti-mouse (1:10000)
	LI-COR
	926-32210

	Alexa Fluor 680-conjugated goat anti-rabbit (1:10000)
	Invitrogen
	A21109


Table S3 (separate file). SPEM3-EGFP interactome and control interactome in mouse testis.
Table S4 (separate file). Quantitative mass spectrometry of spermatozoa from Spem3–/–and wild-type mice.
Table S5 (separate file). Overlap between potential SPEM3-interacting proteins and downregulated proteins in Spem3–/– spermatozoa.
Table S6 (separate file). Quantitative mass spectrometry of spermatozoa from Tex50–/– and wild-type mice.
Movie S1 (separate file). 3D Z-Stack reconstruction of SPEM3 and ACTL7A in step 5–8 spermatids of Spem3-KI mice.
Movie S2 (separate file). 3D Z-Stack reconstruction of SPEM3 and ACTL7A in step 9–10 spermatids of Spem3-KI mice.
Movie S3 (separate file). 3D Z-Stack reconstruction of SPEM3 and ACTL7A in step 11–13 spermatids of Spem3-KI mice.
Movie S4 (separate file). 3D Z-Stack reconstruction of SPEM3 and ACTL7A in step 14–16 spermatids of Spem3-KI mice.
Movie S5 (separate file). 3D Z-Stack reconstruction of TEX50 and ACTL7A in step 5–8 spermatids of Tex50-KI mice.
Movie S6 (separate file). 3D Z-Stack reconstruction of TEX50 and ACTL7A in step 9–10 spermatids of Tex50-KI mice.
Movie S7 (separate file). 3D Z-Stack reconstruction of TEX50 and ACTL7A in step 11–13 spermatids of Tex50-KI mice.
Movie S8 (separate file). 3D Z-Stack reconstruction of TEX50 and ACTL7A in step 14–16 spermatids of Tex50-KI mice.
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