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Abstract

To maintain tissue homeostasis, cell fate decisions within stem cell lineages have to respond to the
needs of the tissue. This coordination of lineage choices with regenerative demand remains poorly
characterized. Here we identify a signal from enteroendocrine cells (EESs) that controls lineage
specification in the Drosophila intestine. We find that EEs secrete Slit, a ligand for the Robo2
receptor in stem cells (ISCs) that limits ISC commitment to the endocrine lineage, establishing
negative feedback control of EE regeneration. We further show that this lineage decision is made
within ISCs and requires induction of the transcription factor Prospero in ISCs. Our work
identifies a new function for the conserved Slit/Robo pathway in the regulation of adult stem cells,
establishing negative feedback control of ISC lineage specification as a critical strategy to
preserve tissue homeostasis. Our results further amend the current understanding of cell fate
commitment within the Drosophila ISC lineage.

Introduction

While determinants of lineage specification in several somatic stem cell lineages of
vertebrate model systems have been identified (Beck and Blanpain, 2012; Rock and Hogan,
2011; Yeung et al., 2011), little is known about how tissue needs are monitored and
information about specific missing cell types is relayed to stem cells. The Drosophila
posterior midgut has emerged as a powerful genetically tractable system for the
characterization of stem cell function and the control of epithelial homeostasis, serving as an
ideal model for the identification of such signaling interactions (Biteau et al., 2011; Casali
and Batlle, 2009; Jiang and Edgar, 2012; Wang and Hou, 2010). ISCs can regenerate all cell
types of the intestinal epithelium, producing, through asymmetric and symmetric divisions,
precursor cells (such as enteroblasts, EBs) that differentiate into either enterocytes (ECs) or
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EEs (de Navascues et al., 2012; Micchelli and Perrimon, 2006; Ohlstein and Spradling,
2006, 2007).

Homeostasis of the intestinal epithelium is maintained both by cell-autonomous control of
proliferation and differentiation in the ISC lineage, as well as by cell-cell interactions. One
example is the induction of ISC proliferation by damaged ECs, a mechanism that allows
regenerating new ECs as needed (Amcheslavsky et al., 2009; Buchon et al., 2009; Chatterjee
and Ip, 2009; Cronin et al., 2009; Jiang et al., 2009). So far, it remained unclear if EEs have
a similar ability to control the regeneration of their own lineage. The balance between EC
and EE differentiation is influenced by Notch signaling. High expression of the Delta ligand
in 1SCs activates Notch in EBs, promoting EC differentiation. Low Delta expressing ISCs,
on the other hand, promote the differentiation of their daughter cells into EEs (Ohlstein and
Spradling, 2007). However, the signals that control ISC cell fate decisions, or that regulate
the level of Delta expression in ISCs have not been identified to date.

Here we report the identification of Slit/Robo2 signaling as a critical regulator of the balance
between the EE and EC lineages. We show that the Slit ligand is expressed in EEs,
establishing a retrograde signal that controls cell fate decisions in ISCs. Our results suggest
that Robo2 regulates lineage specification by inhibiting the expression of the transcription
factor Prospero in ISCs prior to cell division, acting upstream of the establishment of
differential Notch signaling.

Results and Discussion

Slit/Robo signaling between enteroendocrine and progenitor cells in the posterior midgut

In a screen for new signaling molecules involved in the regulation of tissue homeostasis in
the posterior midgut, we identified the secreted ligand Slit as a factor specifically expressed
in EEs. Using a LacZ expressing reporter line inserted in the slit locus (SitP205248) e
found that the Slit promoter is active in a subset of cells in the intestinal epithelium (Figure
S1A), and that these cells represent prospero-positive EEs (Fig. 1A), but not small esg-
positive ISCs/EBs or polyploid ECs (Fig. 1B). Immunocytochemistry confirmed that high
levels of Slit protein are present in the cytoplasm of prospero-positive and esg-negative
diploid EEs (Figure 1C, 1D, S1B). Interestingly, the Slit protein can also be detected on
escargot-positive ISCs and EBs (Figure 1D, S1C), suggesting that this secreted molecule
diffuses from EEs to these progenitors.

In Drosophila, three Roundabout receptors (Robol, Robo2/leak and Robo3) have been
shown to transduce the Slit signal in different biological contexts (Ypsilanti et al., 2010). To
determine whether one of these is a receptor for EE-derived Slit, we first assessed whether
they are expressed in the intestine. Using genome-wide transcriptome profiling by RNASeq,
we found that only Robol and leak/Robo2 transcripts can be detected in dissected intestines
(data not shown). Using previously described antibodies (Kidd et al., 1998; Rajagopalan et
al., 2000; Simpson et al., 2000), we further found no evidence that Robol and Robo3
proteins are expressed in the posterior midgut epithelium (data not shown; Robol is
expressed in the proventriculus, explaining the detection of the Robol mRNA in dissected
intestines). Robo2, on the other hand, was detected in esg-positive cells of the posterior
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midgut (Figure 1E), suggesting that Robo2 might be the ISC- and EB-specific receptor of
Slit. To test this hypothesis, we used an inducible system to express a dsRNA construct
directed against Robo2 (leaRNAI, which efficiently knocks down Robo2 function (Tayler et
al., 2004)) specifically in ISCs and EBs (using the esgGal4 driver combined with a
ubiquitously expressed temperature-sensitive Gal80 repressor, tubGal80%). This
manipulation is sufficient to decrease the expression of Robo2 in esg-positive cells and in
the intestine (Figure S1C, S1E), and to prevent the accumulation of the Slit protein at the
periphery of these cells (Figure 1F, 1G). Conversely, over-expressing Robo2 (using a
previously described Gal4-sensitive P-element inserted into the leak locus, leaEP2582) in
ISCs and EBs is sufficient to increase the localization of the Slit protein to these cells,
without affecting its expression in EEs (Figure 1F, 1G). Altogether, these results indicate
that the Slit ligand is secreted by EEs and may transmit a signal from EEs to 1SCs and/or
EBs through the Robo?2 receptor.

The Robo?2/Slit pathway regulates the proportion of endocrine cells in the intestinal

epithelium

To investigate the function of the Robo2 signaling pathway in the ISC lineage, we generated
GFP-labeled 1SC clones expressing the Robo2/leaRNAI construct in the posterior midgut,
using somatic recombination (MARCM method (Lee and Luo, 1999)). Seven days after
induction, leaRNAi expressing I1SC clones showed normal growth compared to their wild-
type counterparts, indicating that Robo2 is not required for ISC proliferation or self-renewal
(Figure 2A). However, we found that the number of prospero-positive cells in leaRNA
clones is significantly higher than in control clones, suggesting that Robo2 may regulate the
balance between EE and EC lineages (Figure 2A and Figure S2A). We confirmed this lea
loss of function phenotype by generating clones homozygous for the loss-of-function allele
lea?. Similar to what we observed using RNAi-mediated knockdown, we found that robo2
homozygosity does not affect ISC proliferation or self-renewal, but significantly increases
the proportion of prospero-positive cells in ISC clones (Figure 2B, S2B, S2C). We further
used the esgGal4®s system to specifically manipulate the expression of Robo2 in all ISCs and
EBs of adult flies. After ten days of expression of the leaRNA construct in these cells, we
observed an increased proportion of prospero-positive cells in the intestinal epithelium
(Figure 2C, 2D). Finally, we analyzed the composition of the epithelium of lea?
heterozygous mutants in 30 day old animals (a time sufficient to allow at least one full turn-
over of the female intestinal epithelium (Jiang et al., 2009)), and found a significant
accumulation of EEs in the midgut of these animals compared to wild-type controls (Figure
2E).

Based on these observations, we hypothesized that EE-derived Slit inhibits the formation of
new EEs by promoting Robo?2 activity in precursor cells. To test this idea, we first expressed
three independent dsRNA constructs directed against Slit in adult flies using an inducible
ubiquitous driver (actGal4GeneSwitch). Fifteen days after induction, we observed a
significant increase in the proportion of EEs in the posterior midgut for all three RNAI
constructs, similar to the phenotype induced by lea loss-of-function (Figure 2F). Next, to
directly test the function of the Slit signal in the endocrine lineage, we identified an EE-
specific Gal4 line that allows manipulating gene expression of in these cells. We took
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advantage of a Gal4-containing P-element inserted in the Amontillado gene (386YGal4),
which encodes a protease required for the processing of peptide hormones in the fly intestine
(Reiher et al., 2011). Similar to its activity in the larval intestine (Reiher et al., 2011), this
driver is sufficient to specifically, but weakly express UAS-driven GFP in most prospero-
positive and Slit-positive EEs in the adult intestinal epithelium (Figure S2D, S2E). We used
this transgenic line to knock-down Slit expression in EEs. Despite the weak activity of the
386YGal4 driver, 10 days after induction, we observed a small but significant increase in the
proportion of prospero-positive cells in the posterior midgut epithelium (Figure 2G).

Finally, we tested the effect of over-expressing Robo2/leak in ISC/EBs and over-expressing
Slit in EEs, ECs or ISC/EBs on tissue homeostasis. Surprisingly, we found that these
manipulations do not affect the composition of the posterior midgut (Figure S2F, S2G). To
confirm this result, we co-overexpressed Slit and Robo2/leak in ISC/EBs using the esgGal4
driver and observed no effect on the proportion of EEs in the posterior midgut (data not
shown). These finding suggest that while reduced Robo2/Slit signaling promotes EE
production, ensuring replenishment of the EE pool when the amount of these cells falls
under a critical threshold, endogenous Slit and Robo2 expression levels in the intestinal
epithelium are sufficient and not limiting for the inhibition of excessive EE commitment.

Altogether, these results demonstrate that the Slit/Robo2 signaling pathway negatively
influences the commitment of ISC daughter cells to the endocrine lineage. The origin of this
signal is the EEs themselves, establishing a negative feedback loop, and suggesting that
ISCs constantly assess their immediate environment to control the destiny of their progeny
and specifically replace missing EEs in the absence of a Slit signal.

The endocrine fate of daughter cells is established in ISCs rather than in EBs

To further refine our understanding of this signaling interaction, we asked whether the Slit/
Robo2 signal functions on ISCs or EBs to control commitment to the EE lineage. ISCs can
be distinguished from EBs by their differential expression of DI (in ISCs) and Su(H)GBE
reporters (in EBs) (Ohlstein and Spradling, 2007). We knocked-down Robo? specifically in
ISCs and EBs, using the temperature sensitive drivers DeltaGal4® and Su(H)GBEGal4'
(Zeng et al., 2010). Similar to the results obtained using the esgGal4® driver, driving the
leakRNAI construct with the DeltaGal4® driver caused a significant increase of the
proportion of EEs in the epithelium, while the composition of the intestine was not affected
when leakRNAT was expressed using Su(H)GBEGal4® (Figure 3A). Robo? signaling thus
seems to determine ISC daughter cell identity by acting in ISCs themselves rather than in
Su(H)GBEGal4-expressing EBs.

Previous studies have proposed that two types of EBs are generated by ISCs: EC-committed
EBs that express high levels of a reporter for Notch activity and EE-committed EBs
(Ohlstein and Spradling, 2007). This lineage description was supported by genetic evidence
demonstrating that loss of Delta/Notch function in ISCs impairs EC differentiation, while
promoting the specification of EEs (Micchelli and Perrimon, 2006; Ohlstein and Spradling,
2006, 2007; Perdigoto et al., 2011). So far, markers for the EE-committed EB population
have not been described, and lineage tracing experiments have not yet definitively
established the existence of these cells. To test this model, we therefore first analyzed the
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composition of the progeny of esgGal4 (ISCs and EBs), deltaGal4 (only ISCs (Zeng et al.,
2010)) or Su(H)GBEGal4 (only EBs) expressing cells, using an adult-specific lineage
tracing strategy in which heritable expression of GFP was induced by recombination
initiated from a UAS-linked Flippase. We found that EES represent 6 to 10% of the progeny
of ISCs (Figure 3B, 3C; using both esgGal4 and DeltaGal4), a proportion similar to the one
found in the whole intestinal epithelium. Strikingly, however, we found that prospero-
expressing EEs are absent from the progeny of Su(H)GBEGal4 expressing cells. This
demonstrates that, contrary to the previously accepted model of cell differentiation in the
ISC lineage in Drosophila, EBs (defined as ISC daughter cells that show high levels of
Notch signaling activity) are not multipotent, as they do not have the capacity to generate
EEs, but are rather EC-committed precursors prior to their terminal differentiation.

Prospero expression in ISCs is required for EE-commitment and influenced by Robo2

In addition to clarifying the intestinal lineage, these results raise two possibilities regarding
the commitment of intestinal progenitors: cell specification to the EC or EE lineage may
occur before cell division and ISCs give rise to already distinct daughter cells; or the
specification may take place in already formed ISC/precursor pairs, in which the level of
expression of DI in ISCs is regulated to activate or not the Notch signaling pathway in the
neighboring cell. Distinguishing between these two models is essential to understand the
role of Robo2 in the cell-fate decision. Importantly, we and others have observed that, when
Delta/Notch signaling is impaired in ISCs (a genetic manipulation that causes a dramatic
accumulation of EEs in the intestinal epithelium (Micchelli and Perrimon, 2006; Ohlstein
and Spradling, 2006, 2007)), the EE marker Prospero can be detected in a subset of esg-
positive cells (Biteau et al., 2008; Liu et al., 2010; Micchelli and Perrimon, 2006), including
in mitotic cells (Figure S3A). Therefore, we tested the notion that prospero-positive 1ISCs
may exist in wild-type animals. To this end, we re-assessed the expression pattern of
Prospero in the epithelium of wild-type animals and found that around 6% of the cells
positive for the mitotic marker phospho-Histone H3 (pH3) also express Prospero (Figure
4A, 4B), suggesting that these cells may have adopted an endocrine fate. Next, using the
esgGal4 and esglLacZ reporters, we found that these pH3+pros+ cells also express the
escargot ISC and EB marker (Figure 4C, S3B). Finally, using immunocytochemistry we
confirmed that both the Delta and Prospero proteins are detected in this population of
mitotic cells (Figure 4D, S3C), demonstrating that these cells are EE-committed dividing
progenitors and not dividing terminally differentiated EEs.

Our previous results suggest that Prospero expression in ISCs, prior to cell division,
promotes EE-commitment. To test this model, we used the esgGal4®, deltaGal4® and
Su(H)GBEGal4® drivers to knock-down Prospero in ISCs and/or EBs. We found that
expression of ProsperoRNA for 10 days in ISCs (esgGal4+ and DeltaGal4+ cells), but not in
Su(H)GBE-+ cells, significantly reduced the proportion of EEs in the intestine (Figure 3F),
confirming that Prospero expression in ISCs themselves is required for optimal maintenance
of the EE lineage.

Since we find that Slit/Robo?2 signaling negatively influences the production of EEs, we
assessed the influence of Robo2 on the expression of Prospero in mitotic ISCs, and found
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that the proportion of pH3+pros+ cells is greatly augmented when Robo2 expression is
knocked-down (Figure 4E), mirroring the increase in EEs in the progeny of these mutant
ISCs. Importantly, Prospero knock-down suppresses this Robo?2 loss-of-function phenotype
(Figure 4F), confirming that the proposed Robo2-mediated cell fate decision mechanism
acts upstream of Prospero expression in ISCs.

Robo2 regulates lineage specification upstream and independently of Notch signaling

Our data support a model in which Slit/Robo?2 controls cell fate decisions in the ISC lineage
by regulating the specification of ISCs into prospero-expressing EE precursors before or
during mitosis. Interestingly, we found that manipulating the activity of Robo2 in ISCs does
not affect the phenotype generated by expression of NotchRNAT (in which the formation of
EC-committed EBs is specifically inhibited; Figure S4A). In addition, we found no evidence
that loss of Robo?2 affects Delta expression in ISCs (data not shown). Finally, the activation
of the Notch pathway is sufficient to promote differentiation independently of Robo?2
signaling (Figure S4B). This supports the idea that Robo2 acts upstream and independently
of the activation of the Notch signaling pathway, regulating lineage commitment in ISCs,
while Notch specifically controls differentiation of daughter cells into the EC fate. In this
model, the absence of Notch signaling results in default commitment of ISC-daughter cells
into an EE fate, and lineage commitment thus becomes independent of Robo2/Slit signaling,
since EC differentiation is impaired (Figure S4C, S4D).

It is interesting to note that the intensity of the Slit signal is integrated by ISCs to generate
an all-or-nothing response: above a defined Slit threshold, Prospero is expressed by around
6% of mitotic ISCs, while below this level, 15-20% of ISCs express Prospero, and no
intermediate expression of Prospero can be detected. Further studies will be required to
characterize the signaling cascade that controls Prospero expression downstream of the
Robo?2 receptor in ISCs.

Robo4 has recently been identified as a regulator of hematopoietic stem cell homing in mice
(Shibata et al., 2009; Smith-Berdan et al., 2011). In addition, proteins of the Slit and Robo
families have been suggested to act as tumor suppressors and be directly involved in the
tumorigenesis process (Biankin et al., 2012; Legg et al., 2008; Marlow et al., 2008; Zhou et
al., 2011). Our study identifies a new mechanism by which differentiated cells engage this
pathway to directly regulate stem cell function and lineage commitment. A role for Slit/
Robo signaling in the control of fate decisions in mammalian normal or cancer stem cell
lineages has not yet been tested. However, based on the conservation of mechanisms that
control Drosophila ISC self-renewal and differentiation (Biteau et al., 2011; Casali and
Batlle, 2009; Jiang and Edgar, 2012; Wang and Hou, 2010), it can be anticipated that this
feedback control of stem cell fate decisions through Slit/Robo signaling also controls adult
tissue homeostasis in higher organisms.
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Experimental procedures

Drosophila stocks and culture

The following strains were obtained from the Bloomington Drosophila Stock Center:
OregonR, w!18 |ea?, |eafP2582 UAS-leaRNAI UAS-SIit, pros®® (pros-GFP), slitPZ205248,
esgk00606 prGawB}386Y, UAS-Flp [#5254] and act>y>Gal4,UAS-GFP [#4411], UAS-
mCherry. UASSIitRNAI(TRIP1) and UAS-SIitRNAITRIP2) are from the Transgenic RNAI
Project, stocks JF01228 and JF01229. UAS-SIitRNAI(VDRC) and UAS-ProsperoRNAT were
obtained from the Vienna Drosophila RNAIi Center (transformant ID 20210 and 101477
respectively). The line esgGal4NP5130 was kindly provided by S. Hayashi, DeltaGal4 and
Su(H)GBEGal4 by S. Hou, UAS-NotchRNAi by N. Perrimon UAS-Notchina by M. Rand,
actin5cGal4Geneswitch(255) by J. Towers and NP1Gal4 by D.Ferrandon.

The UAS-leaRNAI UAS-SIitRNAI(VDRC) and UAS-ProsRNAI were validated and successfully
used in previous studies (Brierley et al., 2009; Neumuller et al., 2011; Tayler et al., 2004).

Flies were raised on standard yeast and molasses - based food, at 25°C and 65% humidity,
on a 12 h light/dark cycle, unless otherwise indicated.

Conditional expression of UAS-linked transgenes

The TARGET system was used to conditionally express UAS-linked transgenes in 1ISCs
and/or EBs. The esgGal4, DeltaGal4 and Su(H)GBEGal4 drivers were combined with a
ubiquitously expressed temperature-sensitive Gal80 inhibitor (tub-Gal80%). Crosses and
flies were kept at 18°C (permissive temperature), 3-5 day old adults were then shifted to
29°C to allow expression of the transgenes.

For ubiquitous expression using the actin5cGal4GeneSwitch, adult flies were fed RU486 as
described before (Biteau et al., 2010).

Mosaic analysis with a repressible cell marker (MARCM) clones and Flip-out lineage

tracing

Positively marked clones were generated by somatic recombination using the following
MARCM stock: hsFIp;FRT40A tub-Gal80;tub-Gal4,UAS-GFP (gift from B. Ohlstein).
Virgins were crossed to the following lines: FRT40A lea2 or FRT40A;UAS-leaRNAI 3.5
day old mated female flies were heat-shocked for 45 minutes at 37°C to induce somatic
recombination. Flies were transferred to 25°C and clones were observed 7 days after
induction.

For Flip-out lineage tracing analysis, the following genotypes were used:
UAS-Flp/+ ; esg-Gal4,UAS-GFP/act5c-FRT-y-FRT-Gal4,UAS-GFP ; tubulin-Gal80%/+

UAS-Flp/+ ; Su(H)GBE-Gal4,UAS-GFP/act5c-FRT-y-FRT-Gal4,UAS-GFP ; tubulin-
Gal8ots/+

UAS-Flp/+ ; act5c-FRT-y-FRT-Gal4,UAS-GFP/+ ; Delta-Gal4,UAS-GFP/tubulin-Gal80'
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Crosses were set up at 18°C. 3-5 day old females were heat-shocked at 37°C for 30 minutes
and transferred to 29°C to induce the expression of UAS-driven Flippase and permanently
label ISCs and/or EBs and their progeny. The composition of the lineages was analyzed 4
days after labeling.

Immunocytochemistry and Microscopy

Fly intestines were dissected in PBS and fixed at room temperature for 45 minutes in 100
mM glutamic acid, 25 mM KCI, 20 mM MgSO,, 4 mM Sodium Phosphate, 1 mM MgCl,,
4% formaldehyde. All subsequent incubations were done in PBS, 0.5% BSA, 0.1%
TritonX-100 at 4°C.

The following primary antibodies were obtained from the Developmental Studies
Hybridoma Bank: mouse anti-slit, anti-Delta, anti-Prospero, anti-Armadillo and anti-f-
galactosidase and used 1:50, 1:100, 1:250, 1:100 and 1:500 respectively. Rabbit anti-f-
galactosidase is from Cappel and used 1:1000; rabbit anti-pH3 from Upstate, 1:1000. The
anti-Robo2 antibody was obtained from B. Dickson and used 1:50. The rat anti-Delta
antibody was obtained from M. Rand and used 1:200. Fluorescent secondary antibodies
were obtained from Jackson Immunoresearch. Hoechst was used to stain DNA.

Confocal images were collected using a Leica SP5 confocal system and processed using the
Leica software and Adobe Photoshop CS5.

To quantify the intensity of the slit immunocytochemistry in Figure 1g, the mean pixel
intensity for the appropriate color channel of EEs and 1SCs was measured using the Adobe
Photoshop CS5 software. The intensity of each ISC was normalized to the intensity of the
closest EE to take into account differences in staining between intestines and experiments.

Phenotype analysis

For clonal studies, only isolated clones that can be identified with confidence were included
in the analysis of clone size and composition.

For all experiments, the data is represented as average +/— SEM. All p-values are calculated
using unpaired two-tailed Student's t-test.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Slit/Robo2 signaling between enteroendocrine and stem/progenitor cells in the
posterior midgut

(A,B) The Slit promoter is active in EEs, as shown by the detection of $-galactosidase in
prospero-positive cells, using the SlitP295248_|_acZ reporter line (A; arrowheads), and
inactive in escargot-positive progenitors and polyploid enterocytes (B).

(C,D) The Slit protein is detected in the cytoplasm of prospero-GFP-positive cells (C;
arrowheads, and see Supplementary Fig. 2b for the characterization of the pros-GFP
reporter) and at the periphery of escargot-positive cells (D; asterisks).

(E) The Robo2 receptor is expressed in esg-positive cells, as shown by
immunocytochemistry using a Robo2-specific antibody.

(F) Knock-down of lea/Robo2 in esg-positive cells is sufficient to abolish the accumulation
of Slit at the surface of these cells (asterisks) without affecting Slit expression in EEs
(arrowheads). Over-expressing Robo2, using the leaEP line, increases the signal at the
periphery of ISCs.

(G) Quantification of Slit immunostaining intensity in esg-positive ISCs/EBs compared to
esg-negative diploid EEs in similar conditions as Figure 1F.

n represents the number of pairs of diploid cells (one esg-positive and one esg-negative) that
were analyzed. p-value from two-tailed Student's t-test. See also Figure S1.
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Figure 2. The Slit/Robo2 pathway regulates the proportion of endocrine cells in the intestinal
epithelium

(A,B) MARCM clones expressing a dsSRNA directed against leak/Robo2 or homozygous for
the mutant allele lea? contain a greater proportion of prospero-positive cells (arrowheads), 7
days after clone induction by heat shock (AHS), without affecting clone size. Confocal
images show representative clones, propero labels EEs, Delta marks ISCs (asterisks).

(C,D) Adult specific knock-down of Robo2 in ISCs and EBs, using the temperature-
sensitive esgGal4®s (10 days at 29°C), causes an accumulation of prospero-positive cells in
the intestinal epithelium.

(E) Quantification of the proportion of prospero-positive cells in 30 day old lea?
heterozygous and control flies shows an accumulation of EEs in the intestine of mutant
animals.

(F,G) Ubiquitous knock-down of Slit (actocGal4GeneSwitch, 15 days treatment with
RU486) is sufficient to induce an increase in the proportion of EEs in the intestinal
epithelium. Similar phenotype is observed when SlitRNAi constructs are specifically
expressed in EE, using the temperature-sensitive 386 Gal4s driver. Three independent
RNA.I constructs were tested. n represents the number of clones analyzed in A and B and the
number of posterior midguts observed in C-G. p-value from two-tailed Student's t-test. NS,
Not Significant. See also Figure S2.
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Figure 3. Commitment to the endocrine lineage is established in ISCs rather than enteroblasts
(A) Adult specific knock-down of Robo2 in ISCs, using the temperature-sensitive

DeltaGal4® drivers (10 days at 29°C), increases the proportion of prospero-positive cells in
the posterior midgut. Similar experiment using the EB-specific Su(H)GBEGal4® driver does
not affect the composition of the intestinal epithelium.

(B,C) Flip-out lineage tracing analysis of the progeny of esgGal4 (ISCs and EBs), DeltaGal4
(ISCs only) and Su(H)GBEGal4 (EBs only) expressing cells, 4 days after induction. GFP
+Prospero double positive cells (arrowheads) are found in the progeny of esgGal4 and
DeltaGal4 positive cells, but absent from the lineage of Su(H)GBEGal4 expressing cells. n
indicates the number of gut analyzed, the numbers between parentheses represent the
number of pros+ GFP+ cells / total GFP+ cells.
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Figure 4. Prospero expression in I1SCs is regulated by the Robo2 pathway
(A) Representative images of pros+pH3 double positive cells in the posterior midgut of

wild-type flies.

(B) Quantification of the proportion of pros+ cells among dividing pH3+ positive cells in
control flies or after knocking-down Robo2 expression in esg-positive cells for 10 days. n
represents the number of independent experiments, the numbers indicated below the
genotypes represents the total number of pH3+ cells counted.

(C) Representative images of esgGal4>mCherry pH3+ pros+ cells.

(D) Representative image of a mitotic cell expressing both the Delta and Prospero proteins
(See Figure S3C for additional examples).

(E) Adult specific knock-down of Prospero in ISCs leads to a decrease in the proportion of
EEs in the intestine.

(F) Knock-down of Prospero in esg-positive cells suppresses the increased proportion of
EEs induced by leaRNAI expression.

n indicates the number of guts analyzed in B, E and F. p-value from two-tailed Student's t-
test. NS, Not Significant. See also Figure S3.
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