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Supplementary Fig. 1: Integrated Uniform Manifold Approximation and Projection (UMAP) plots for single cell RNA-seq analysis of testicular tissue from pre-pubertal cattle, pigs, and mice. 
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Supplementary Fig. 2: Biomarker analysis to assign cell-type identities to Integrated Uniform Manifold Approximation and Projection (UMAP) clusters. (A) Full UMAP plot of multispecies integrated single cell RNA-seq analysis with cell cluster identities. (B) Biomarker assessment for germ cell identify genes. (C) Biomarker assessment for Sertoli cell identity genes. (D) Biomarker assessment for Leydig cell identity genes. (E) Biomarker assessment for peritubular myoid identity genes. (F) Biomarker assessment for macrophage identity genes. (G) Biomarker assessment for lymphocyte identity genes.
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Supplementary Fig. 3: Gene ontology analysis for 10,183 genes commonly expressed in germ cells of cattle, pigs, and mice.
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Supplementary Fig. 4: Arrdc5 gene expression profile in mice and humans. (A) Graphical representation of data for various mouse tissues downloaded from the ENCODE consortium database. (B) Graphical representation of data for various human tissues downloaded from the GTEx portal.
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Supplementary Fig. 5: ARRDC5 gene expression at the single cell level in testes of mice from late prepubertal development through adulthood. (A and B) Uniform Manifold Approximation and Projection (UMAP) plots of the germ cell cluster from the multispecies integrated single cell RNA-sequencing database produced in this study.  (C-F) UMAP analysis of mouse testicular germ cells from late prepubertal development (P14) to adulthood (P56) showing total gene expression (C), Arrdc5 expression (D), and expression of the late spermatocyte/spermatid biomarkers Tnp1 (E) and Prm1 (F). Plots were created from data published by Law et al., 2019 and Grive et al., 2019. 
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Supplementary Fig. 6: Fluorescent immunostaining for ARRDC5 protein expression in cross-sections of testes from adult mice, cattle, and pigs. Germ cells were labeled with an antibody to the canonical biomarker DDX4 and DNA was stained with DAPI. A commercially sourced antibody for ARRDC5 was used but did not yield specific staining. Bars are 50 mm.
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Supplementary Fig. 7: Generation of an Arrdc5-eGfp knock-in mouse model. (A) Schematic of Arrdc5 gene structure with CRISPR-Cas9 targeting strategy for exon 3. Homology arms of 1kb were used in the repair template. (B) Schematic of positions of Cas9 target sites with target 1 overlapping the stop codon. Two silent mutations were made in the knock-in allele to eliminate Cas9 attack of the donor or modified allele. These mutations in the seed sequence of target 2 were sufficient to avoid Cas9 cleavage. (C) Representative wholemount images of testes from adult wild-type and Arrdc5-eGfp knock-in mice.
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Supplementary Fig. 8: Representative images of seminiferous tubules cross-sections from testes of adult Arrdc5-eGfp or control mice that were immunostained with an antibody recognizing EGFP. DNA was stained with DAPI. Specific staining for EGFP is observable in round and elongate spermatids of Arrdc5-eGfp cross-sections but not detectable in control wild-type cross-sections.
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Supplementary Fig. 9: Phylogenetic analysis of ARRDC5 in vertebrate species using Randomized Axelerated Maximum Likelihood. The percent similarity for each species to human ARRDC5 protein sequence is listed.
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Supplementary Fig. 10: Generation of an Arrdc5 knockout mouse line. (A) Schematic of the CRISPR-Cas9 workflow for generation of founder mice with inactivating mutations in the Arrdc5 gene. (B) Table of single guide RNAs (sgRNAs) sequences targeting the mouse Arrdc5 coding sequence and genotyping primer sequences. (C) Outcomes of DNA genotyping analysis for a founder male with a 308 bp D in exon 1 of the Arrdc5 coding sequence. (D) Agarose gel visualization of RT-PCR analysis to detect Arrdc5 mRNA in testes of adult mice that are heterozygous or homozygous for the 308 bp D allele, or wild-type (Arrdc5+/+). MW is a 100 bp ladder and Gapdh was used as a quality control.
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Supplementary Fig. 11: Additional reproductive parameter assessments for Arrdc5-/- mice. (A) Quantitative comparison of the seminal vesicle to body weight ratio of adult Arrdc5+/+ and Arrdc5-/- littermates. Data bars are mean±SEM and dots represent values for individual animals (n=4 for each genotype). (B) Representative images of Dip Quick stained epididymal sperm from adult Arrdc5-/- mice. (C) Quantitative comparison of sperm head size from adult Arrdc5+/+ and Arrdc5-/- littermates. Data bars are mean±SEM and dots represent values for individual animals (n=5 for each genotype).
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Supplementary Fig. 12: Zona pellucida free in vitro fertilization analysis for sperm from Arrdc5-/- mice. (A) Quantitative comparison of embryo cleavage rate following in vitro fertilization of zona pellucida free wild-type oocytes with epididymal sperm from adult Arrdc5+/+ or Arrdc5-/- littermates. Data bars are mean±SEM and dots represent values for individual animals (n=5 for each genotype). (B) Representative images of zona pellucida free blastocyst stage embryos that were generated in vitro from epididymal sperm of adult Arrdc5+/+ or Arrdc5-/- littermates. (C) Quantitative comparison of in vitro blastocyst development rate following in vitro fertilization of zona pellucida free wild-type oocytes with epididymal sperm from adult Arrdc5+/+ or Arrdc5-/- littermates. Data bars are mean±SEM and dots represent values for individual animals (n=5 for each genotype).
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