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Figure 5. Dynamic and spatially restricted localization of TUBA5/TUBA4A during corneal development. 
TUBA5/TUBA4A shows dynamic, spatially restricted redistribution during corneal morphogenesis, with stage-specific 
shifts and central enrichment in the mature endothelium. IHC of developing chick eyes at E3, E4, E5, E6, and E14 using 
antibodies against TUBA5/TUBA4A (white) and DAPI nuclear stain (blue). (A-D) E3 eye showing apical expression in the 
presumptive corneal epithelium. (E-H) E4 eye showing increased apical epithelial expression. (I-P) E5 eye showing 
expression in the corneal epithelium, presumptive corneal endothelium, and anterior periocular mesenchyme. (O-AB) E6 
eye showing basal localization in epithelium and endothelium and expression in migrating stromal precursors. (AC-AJ) 
E14 whole cornea showing expression restricted to epithelium and endothelium. (AG-AJ) Central and peripheral regions 
of the corneal endothelium at E14 showing central enrichment and apical bias. All sections are anterior to the top and 
posterior to the bottom. N= 3 (3 day), 3 (4 day), 4 (5 day), 4 (6 day) and 3 (14 day) corneas assessed for all stages. 
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Figure 6. TUBA5/TUBA4A dynamics during early corneal development. Flat mount imaging reveals 
context-dependent TUBA5/TUBA4A organization, with diffuse peri-membranous distribution in endothelial cells 
and prominent bundled microtubules in migratory mesenchyme. IHC of corneal flat mounts at E6 using 
antibodies against NCAD (magenta), TUBA5/TUBA4A (yellow) and DAPI (cyan). (A-D) E6 corneal endothelial 
maximum intensity projections (MIP) show discrete NCAD boundaries with diffusive distribution of small 
diameter TUBA5/TUBA4A microtubules. (A’-D’) Subsection of MIP shows membrane NCAD marking, diffuse 
peri-membranous and centrosomal TUBA4A staining in corneal endothelia. (E-H) E6 migratory periocular 
mesenchyme MIP show diffuse NCAD staining with discrete large diameter TUBA5/TUBA4A microtubules 
biased towards the leading edge. (E’-H’) Subsection of MIP highlights predominantly diffuse and minor punctate 
NCAD staining in addition to large TUBA5/TUBA4A microtubules. N= 9 corneas assessed for 6-day flat mounts. 
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Figure 7. Developmental redistribution of TUBB1/TUBB2A in corneal tissues. TUBB1/TUBB2A undergoes 
developmental redistribution across corneal tissues, transitioning from broad early epithelial expression to polarized 
enrichment in mature layers. IHC of developing eye after 3, 4, 5, 6 and 14 days of incubation with antibodies against 
TUBB1/TUBB2A protein (white) and DAPI. (A-D) E3 eye showing broad epithelial expression with apical enrichment. (E-
H) E4 eye showing continued epithelial and periocular mesenchyme expression. (I-L) E5 eye showing reduced epithelial 
apical signal and increased endothelial expression. (M-P) E6 eye showing cytoplasmic expression across corneal layers.
(Q-T) E14 whole cornea showing apical epithelial expression and stromal localization. (U-X) Central and peripheral 
regions of the corneal endothelium at E14 showing central enrichment and apical bias. All sections are anterior to the top 
and posterior to the bottom. N= 3 corneas assessed for all stages. 
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Figure 8. Polarized expression of TUBB4/TUBB3 in corneal epithelium, endothelium, and stromal nerves. 
TUBB4/TUBB3 displays polarized apical epithelial localization throughout development and selectively labels stromal 
nerves in the mature cornea. IHC of developing chick eyes at E3, E4, E5, E6, and E14 using antibodies against 
TUBB4/TUBB3 (white) and DAPI nuclear stain (blue). (A-A�) E3 eye showing apical epithelial expression. (B-B�) E4 eye 
showing sustained apical localization. (C-C�) E5 eye showing apical epithelial expression and limited endothelial signal. 
(D-D�) E6 eye showing similar epithelial localization with low endothelial expression. (E-E�) E14 whole cornea showing 
strong apical epithelial expression and stromal nerve labeling. (F-F�) Central and peripheral regions of the corneal 
endothelium at E14 showing central enrichment and apical bias. All sections are anterior to the top and posterior to the 
bottom. N= 3 (3 day), 4 (4 day), 3 (5 day), 4 (6 day) and 3 (14 day) corneas assessed for all stages. 
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