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Fig 1. Copy number variation (CNV) in RBFOX2 is linked to hypospadias. (A) DECIPHER database reporting of 
RBFOX2 CNV is linked to developmental anomalies in multiple organ system, including genitourinary, which 
specifically includes hypospadias (Firth 2009). (B) Four patients listed in DECIPHER as having hypospadias 
represent both RBFOX2 copy number gains (blue) and losses (red). (C) RBFOX2 is an RNA binding protein involved 
in bi-modal alternative splicing regulation (figure modified from Kuroyanagi 2009 and Jangi 2014).
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Fig 2. Rbfox2 and RBFOX2 expression in the penis become restricted to sub-regions after sex determination. 
(A) Fluorescent in situ hybridization of Rbfox2 (red) and Fgfr2 (green), a known RBFOX2 target and critical factor in 
genital tubercle development (Gredler 2015). Rbfox2 expression is ubiquitous before sex determination in the genital 
tubercle at E14.5 but becomes restricted in the penis after sex determination, and in some regions co-localizes with 
Fgfr2. (B) RBFOX2 also has regional expression in the penis after sex determination but is still ubiquitous in the fetal 
kidney at E16.5. 
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Fig 3. Phenotype of Rbfox2Δ/+ mice correlates with clinical DECIPHER data. (A) Rbfox2Δ/+ (mutant) mice have a 
floxed site around exons 6 and 7, causing a coding frameshift and degradation of Rbfox2 prior to translation. In 
heterozygous mutants induction with Gdf9-iCre causes Rbfox2 haploinsufficiency (Gehman 2012). (B) 
Haploinsufficient embryos at E14.5 (n=4), E16.5 (n=2), and E18.5 (n=5) model many of the same anomalies reported 
in clinical cases of RBFOX2 CNV, including genitourinary phenotypes. (C) Mutant mice specifically have a 
hypospadias phenotype clearly seen in micro-CT at P1 (yellow arrows). 
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Fig 4. P1 penises from Rbfox2Δ/Δ mice have altered transcriptomes and splice-omes. (A) Heatmap of differential 
gene expression (DGE) analysis showing homozygous (Rbfox2-null) mutants (mt) have 227 up-regulated (red) and 
71 down-regulated (blue) genes when compared to wild type siblings (WT) (L2FC >0.5 or < -0.5, p-value < 0.05). (B) 
Differential transcript usage (DTU) analysis identified 122 genes with isoform switches in 203 transcripts. Splice-ome 
changes in mutants included disruption to isoform levels with coding potential and domain status. DGE analysis with 
DESeq2 (Love 2014), and DTU analysis with IsoformSwitchAnalyzeR (Vitting-Seerup 2019).
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Fig 5. Cardiac transcript targets of RBFOX2 are 
also targets in human kidney cells. (A) Plasmid map 
of eGFP-tagged RBFOX2 (eGFP-RBFOX2) used for 
transfections (Verma 2016). (B) Widefield fluorescent 
imaging of HEK293 (human kidney cells) 24 hours 
after transfection with eGFP-RBFOX2 with clear GFP 
signal. (C) RNA immunoprecipitation using GFP-tag 
validatedvalidated that DDX39, MCM7, and PHKB are RBFOX2 
transcript targets in HEK293 cells just as they are in 
human cardiac cells (Verma 2016).
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Fig 6. Aggregated scRNA-seq 
analysis on E14.5, E16.5, and 
E18.5 mouse penises 
anatomically maps 
expression of Rbfox2 and 
candidate targets. (A) Cell-type 
annotated UMAP of mouse 
penispenis cells at E14.5, E16.5, and 
E18.5 from aggregated male 
only data from two published 
scRNA-seq datasets (B) Bubble 
plot of Rbfox2 expression by cell 
type in the penis. Expression is 
also shown for RBFOX2 
transcripttranscript targets (Fgfr2, Mcm7, 
Ddx39), and transcripts that are 
differentially spliced in 
Rbfox2-null penis at P1 (Isl1, 
Rps27, Ociad1, Lmnb1). 
Analysis done with Seurat (Hao 
2021) using published raw 
scRNA-seqscRNA-seq data and annotation 
gene lists (Amato & Yao 2021, 
Armfield & Cohn 2021).
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CONCLUSION RBFOX2 gene dosage changes clinically correlate with upper and lower tract genitourinary 
anomalies, specifically hypospadias. This phenotype seems to be partially the product of an RBFOX2 role 
in directing the mesenchymal to epithelial transition. 
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