
32

Okajima T, Irvine KD. 2002. Regulation of notch signaling by o-linked fucose. Cell 
111:893-904.

Orihara-Ono M, Toriya M, Nakao K, Okano H. 2011. Downregulation of Notch mediates the 
seamless transition of individual Drosophila neuroepithelial progenitors into optic 
medullar neuroblasts during prolonged G1. Dev Biol 351:163-175.

Perkins LA, Larsen I, Perrimon N. 1992. corkscrew encodes a putative protein tyrosine 
phosphatase that functions to transduce the terminal signal from the receptor tyrosine 
kinase torso. Cell 70:225-236.

Reddy BVVG, Rauskolb C, Irvine KD. 2010. Influence of Fat-Hippo and Notch signaling on 
the proliferation and differentiation of Drosophila optic neuroepithelia. Development 
137:2397-2408.

Rohrbaugh M, Ramos E, Nguyen D, Price M, Wen Y, Lai Z-C. 2002. Notch Activation of yan 
Expression Is Antagonized by RTK/Pointed Signaling in the Drosophila Eye. Current 
Biology 12:576-581.

Sasamura T, Ishikawa HO, Sasaki N, Higashi S, Kanai M, Nakao S, Ayukawa T, Aigaki T, 
Noda K, Miyoshi E, Taniguchi N, Matsuno K. 2007. The O-fucosyltransferase O-fut1 is 
an extracellular component that is essential for the constitutive endocytic trafficking of 
Notch in Drosophila. Development 134:1347-1356.

Sprinzak D, Lakhanpal A, LeBon L, Santat LA, Fontes ME, Anderson GA, Garcia-Ojalvo J, 
Elowitz MB. 2010. Cis-interactions between Notch and Delta generate mutually 
exclusive signalling states. Nature 465:86-90.

Therrien M, Wong AM, Rubin GM. 1998. CNK, a RAF-binding multidomain protein required 
for RAS signaling. Cell 95:343-353.

Van Vactor D, O'Reilly AM, Neel BG. 1996. Genetic analysis of protein tyrosine phosphatases. 
Curr Opin Genet Dev 8:112-126.

Wang W, Liu W, Wang Y, Zhou L, Tang X, Luo H. 2011. Notch signaling regulates 
neuroepithelial stem cell maintenance and neuroblast formation in Drosophila optic 
lobe development. Dev Biol 350:414-428.

Wech I, Bray S, Delidakis C, Preiss A. 1999. Distinct expression patterns of different 
enhancer of split bHLH genes during embryogenesis of Drosophila melanogaster. 
Dev Genes Evol 209:370-375.

Yasugi T, Sugie A, Umetsu D, Tabata T. 2010. Coordinated sequential action of EGFR and 
Notch signaling pathways regulates proneural wave progression in the Drosophila 
optic lobe. Development 137:3193-3203.

Yogev S, Schejter ED, Shilo BZ. 2010. Polarized secretion of Drosophila EGFR ligand from 
photoreceptor neurons is controlled by ER localization of the ligand-processing 
machinery. PLoS Biol 8.

Zhao B, Li L, Guan K-L. 2010. Hippo signaling at a glance. J Cell Sci 123:4001-4006.

Supplementary figure legend

Figure S1. Identification of genes required for development of the larval optic lobe. 

(A-B) PCNA-3xEmGFP allows rapid identification of optic lobe neuroepithelial cells. (A) The 
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PCNA::3XEmGFP expression pattern in central brain neuroblasts and optic lobe 

neuroepithelial cells was indistinguishable from the pattern of BrdU incorporation following a 

3-hour pulse labeling. Thus, PCNA::3XEmGFP reliably and reproducibly labeled all 

proliferating cells (yellow arrow). The yellow dotted line separated the central brain from the 

optic lobe. The scale bar = 50 m. (B) PCNA-3XEmGFP co-localizes with BrdU incorporated 

during a 3-hour pulse labeling in brain neuroblasts (yellow arrow). Yellow arrowhead = 

ganglion mother cell. 

(C-E) The optic lobe absent mutant. (C) The lateral projection view of the third instar csw

mutant larval optic lobe reveals absence of optic lobe neuroepithelia and neuroblasts. The 

scale bar = 20 m. (D) A dorsoventral single confocal optical section of a third instar csw

mutant larval optic lobe shows a small cluster of primitive optic lobe neuroepithelial cells. (E) 

A three-dimensionally reconstructed model of the csw mutant stained for Phall reveals the 

absence of the neuropil in the optic lobe. The neuropil seen is a part of the central brain 

neuropil.

(F-H) The optic lobe expanded mutant. (F) The lateral projection view of the third instar 

ft3477/G-rv mutant larval optic lobe reveals dramatically expanded optic lobe neuroepithelia. (G) 

The dorsoventral single confocal optical section of the third instar ft3477/G-rv mutant larval optic 

lobe shows partially overlapped optic lobe neuroepithelia. (H) A three-dimensionally 

reconstructed model of the ft5072/G-rv mutant optic lobe stained for Phall reveals the presence 

of the neuropil.

(I-K) The optic lobe premature lost mutant. (I) The lateral projection view of the third instar 

o-fut12834/Df mutant larval optic lobe reveals prematurely formed neuroblasts replacing the 



34

swath of neuroepithelia. (J) The dorsoventral single confocal optical section of a third instar 

o-fut12834/Df mutant larval optic lobe shows prematurely formed neuroblasts located on the 

surface of the larval optic lobe. (K) A three-dimensionally reconstructed model of the 

o-fut12834/Df mutant optic lobe stained for Phall reveals the fragmented neuropil.

(L) The o-fut12834 mutant allele contains a nucleotide substitution (G->A; highlighted in red) at 

the splicing acceptor site in the first intron of the o-fut1 gene. 

(M-N’) Failure to properly process the Notch protein in the o-fut1 mutant neuroblast. (M-M’) 

The Notch protein is abundantly detected in the cortex of a wild type brain neuroblast. (N-N’) 

The Notch protein mainly localizes in the cytoplasm of o-fut1 mutant brain neuroblasts. 

(O) The Aph-15072 mutant protein contains an amino acid substitution (G->R; highlighted in 

red) at the amino acid residue 15.

(P-S’) The onset of the prematurely lost optic lobe phenotype coincides with loss of 

E(spl)m-GFP expression in the o-fut12834/Df mutant. (P) In the wild type second instar (L2) 

larvae, E(spl)m-GFP is detected predominantly in neuroblasts in the central brain. (Q) In the 

wild type third instar (L3) larvae, E(spl)m-GFP is detected in neuroblasts in the central brain 

and in transitioning neuroepithelial cells and in neuroblasts in the optic lobe. The dotted 

yellow line indicates the boundary between the larval optic and the larval brain. (R) In the 

o-fut12834/Df mutant second instar (L2) larvae, E(spl)m-GFP is detectable only in some 

neuroblasts in the central brain. Please note the presence of the larval optic lobe as indicated 

by the PatJ staining. (S) In the o-fut12834/Df mutant third instar (L3) larvae, E(spl)m-GFP is 

undetectable in any neuroblasts in the central brain and in any neuroblasts in the optic lobe. 

Dpn serves as the neuroblast marker. Please note the absence of the larval optic lobe as 
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indicated by the absence of PatJ staining. The scale bar = 20 m. 

Figure S2. Notch is a critical regulator of neuroepithelial cell maintenance.

(A-B’) Notch functions cell autonomously to maintain the neuroepithelial cell identity. (A-A’) 

Wild type neuroepithelial cells in a GFP-marked mosaic clone become converted into 

neuroblasts located medially from neuroepithelia. The higher magnification image of the 

boxed area is shown in A’. (B-B’) Neuroepithelial cells in a Notch mutant mosaic clone 

become prematurely converted into neuroblasts, which delaminate inward away from the rest 

of neuroepithelia and locate in the cortex of future medulla. The higher magnification image of 

the boxed area is shown in B’. The scale bar = 10 m.

(C-D’) Down-regulation of Notch is necessary for conversion of neuroepithelial cells into 

neuroblasts. (C-C’) Wild type neuroepithelial cells in the GFP-marked mosaic clone undergo 

conversion into neuroblasts synchronously with those located outside of the clone. The 

higher magnification image of the boxed area is shown in C’. (D-D’) Neuroepithelial cells 

over-expressing Notchintra within the clone show unrestrained expansion beyond the medial 

edge of neuroepithelia and become surrounded by neuroblasts located outside of the clone. 

Please note that a few neuroblasts outside of the clone appear to overlap with the clone due 

to the lateral projection view. The higher magnification image of the boxed area is shown in D’. 

The scale bar = 20 m. 

Figure S3. E(spl)m-GFP marks transitioning neuroepithelial cells.

(A-A’) E(spl)m-GFP is detected in transitioning neuroepithelial cells but is undetectable in 
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immature neuroblasts (dotted yellow line).

Supplementary movie 1. Three-dimensional model of the wild type third instar larval 

optic lobe stained for PatJ and GFP driven by the GH146-Gal4 driver to allow 

visualization of neuroepithelia and neuroblasts.

Supplementary material and methods

pcna::3XEmgfp: The pcna::3XEmgfp transgene is generated by replacing egfp in the 

pcna::egfp described in the Thacker et al., 2003 with three copies of the emerald green 

fluorescent protein. The pcna::3XEmgfp transgenic fly lines were generated in the laboratory 

of Dr. R. Duronio, UNC, Chaple Hill.

Genetic screen: We generated and screened six thousand EMS-induced mutant lines 

carrying homozygous lethal mutations on the second chromosome of the fly genome. We 

identified one new allele for each one of the following genes cnk, ft, o-fut1 and aph-1. In 

addition, we screened the entire collection of the P-element induced lethal mutations 

available from the Bloomington stock center, and identified one allele of cnk and two alleles of 

csw that show the optic lobe absent phenotype. 


