Supplementary figure legends
Supplementary Figure 1. Projected cerebellum afferent neurons do not reach the Emx2 KO saccule. (a,b) Labeling of a control (a) and Emx2 KO (b) saccule at E16.5 after neuronal tracing from the cerebellum (green) and brainstem (magenta) using NeuroVue® Maroon and NeuroVue® Red lipophilic dyes, respectively. Dye tracing from the cerebellum labels the inner region, whereas tracing from the brainstem labels the outer region of the control saccule (a). In Emx2 KO (b), little labeling from the cerebellum is evident and labeling from the brainstem is found across the entire saccule. Asterisk indicates the inner region of Emx2 KO saccule, which is labeled with dye from the brainstem.  Control, n=3; Emx2 KO n=3. Scale bar=100mm (a,b).

Supplementary Figure 2. Neuronal fibers are present in the lateral region of Emx2 KO utricles.  (a) Control and (b) Emx2 KO mouse utricles stained with anti-Myo7a antibody for HCs (magenta) and anti-Tuj1 antibody for nerve fibers and neuronal cell bodies (green). Comparable nerve fibers are found beneath the lateral region (between white and yellow arrows) of both control (a’) and Emx2 KO (b’) utricles. White arrow indicates the lateral edge of the raised striolar epithelium compared to the rest of the sensory epithelium, and the yellow arrow indicates the lateral edge of the sensory epithelium. Utricle (ut), lateral crista (lc). Control, n=5; Emx2 KO n=4. Scale bar=200 mm in a and b, and 100 mm in a’ and b’.

Supplementary Figure 3. Increased apoptosis in the vestibular ganglion of Emx2 KO. Cryo-sections of controls (a - a’’’) and Emx2 KO (b - b’’’) inner ears at E17.5, stained for apoptotic profiles using anti-active caspase 3 antibody (magenta) and neuronal cell bodies and fibers (green) using anti-Tuj1 antibody. The vestibular ganglion (white dotted outline) shows some apoptotic profiles in controls (a’-a’”, arrow) but many more were observed in Emx2 KO ganglion (b’-b’”). Lateral crista (lc), utricle (ut). (c) Quantification of apoptotic profiles in control and Emx2 KO vestibular ganglia between E16.5 to E18.5. Unpaired t-test, **P < 0.01, ***P < 0.001. E16.5: control, n=5, Emx2 KO, n=6; E17.5: control, n=6, Emx2 KO n=10; E18.5: control, n=8, Emx2 KO, n=12.  Scale bar=500 m in a, applies to b; 50 m in a’, applies to b’; 25 m in a’’, applies to b’’.

Supplementary Figure 4. Comparisons of cerebellum to brainstem ratios between control and Emx2 cKO utricles. (a) Comparisons of cb:bs ratios between control and Emx2 cKO utricles in the nine selected regions. (b,c) Statistical comparisons of cb:bs ratios between the lateral and respective medial regions of control (b) and Emx2 cKO (c) utricles. For example, cb:bs ratio in area #1 was compared to area #2 and area #3 only. In controls, significant decreases in cb:bs ratios were observed when the lateral region was compared to the respective medial region with the exception of area #7 and #8, suggesting that our assignment of lateral and medial regions is largely correct. In Emx2 cKO utricles (c), there was no significant decrease in cb:bs ratio when individual lateral regions (area #1, 4, and 7) were compared with its respective adjacent medial regions (area #2, 5, and 8). Some significant decreases were observed when the lateral region was compared  with its more medial regions (area #1 with #3, area #4 with #6). Compared to controls, only area #2 in Emx2 cKO utricles showed a significant increase in cb:bs ratio (**P < 0.01). control n=4; Gfi1Cre; Emx2F/-, n=6. The one-way ANOVA with multiple comparisons was applied.
 
Supplementary Figure 5. Comparisons of cerebellum to brainstem ratios between control and Sox2CreER; RosaEmx2 utricles. Comparisons of cb:bs ratios between control and Sox2CreER; RosaEmx2 utricles from animals administered with tamoxifen at either E13.5 or E15.5. No significant decrease in cb:bs ratios between individual lateral regions with its respective medial regions in either mutant. There was no significant difference in cb:bs ratio in the nine individual areas between control and Sox2CreER; RosaEmx2 utricles. Control n=4; Sox2CreER; RosaEmx2 with TM at E13.5, n=5; Sox2CreER; RosaEmx2 with TM at E15.5, n=4. The one-way ANOVA with multiple comparisons was applied.

Supplementary Figure 6. Comparisons of cerebellum to brainstem ratios between control, Gfi1Cre; RosaEmx2, and PlpCreER; RosaEmx2 utricles. (a) Comparisons of cb:bs ratios among controls and the two mutants, Gfi1Cre; RosaEmx2 and PlpCreER; RosaEmx2 utricles in the nine selected regions. Compared to controls, only area #2 in Gfi1Cre; RosaEmx2 utricles showed a significant increase in the cb:bs ratio (**P < 0.01). (b,c) Statistical comparisons of cb:bs ratios between the lateral and respective medial regions of Gfi1Cre; RosaEmx2 (b) and PlpCreER; RosaEmx2 (c) utricles. Control n=4; Gfi1Cre; RosaEmx2, n=8; PlpCreER; RosaEmx2, n=10. The one-way ANOVA with multiple comparisons was applied.

Supplementary Figure 7. VOR and OKR gains are unchanged in Emx2 cKO. (a,b) VOR in the dark gains and phases (mean ± SEM) were comparable in Emx2 cKO versus controls across all tested frequencies. (c,d) As a control for non-vestibular oculomotor function, we also examined the optokinetic reflex (OKR), which uses visual signals to control eye motion, allowing tracking of a moving visual scene or objects. OKR gains and phases (mean ± SEM) were comparable in Emx2 cKO versus controls across all tested frequencies. (e,f) VOR gain was also quantified in a lit environment (referred to as VORl), where VOR functions in concert with OKR. VORl gains and phases (mean ± SEM) were comparable in Emx2 cKO versus controls across all tested frequencies.  Comparisons were two-way ANOVA with post hoc Bonferroni’s test with all P > 0.05, N = 3 vs. 3 for mutant vs. wild type, respectively.

Supplementary Figure 8. VOR and OKR gains are unchanged in Tmie cKO. (a,b) VOR in the dark gains and phases (mean ± SEM) were comparable in Tmie cKO versus controls across all tested frequencies. (c,d) OKR gains and phases (mean ± SEM) were comparable in Tmie cKO versus controls across all tested frequencies.  (e,f) VOR in the light gains and phases (mean ± SEM) were comparable in Tmie cKO versus controls across all tested frequencies. Comparisons were two-way ANOVA with post hoc Bonferroni’s test with all P > 0.05, N = 8 vs. 3 for mutant vs. wild type, respectively.
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