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1st Editorial Decision 19 October 2016 

Thank you again for submitting your work to Molecular Systems Biology. We have now heard back 
from the three referees who agreed to evaluate your manuscript. As you will see below, the 
reviewers appreciate that the presented findings seem potentially interesting. They raise however a 
series of concerns, which should be carefully addressed in a revision of the manuscript.  
 
Without repeating all the points listed below, the reviewers think that additional analyses are 
required to convincingly support the main conclusions and they provide constructive suggestions in 
this regard.  
 
We have circulated the reports to all reviewers as part of our 'pre-decision cross-commenting' 
policy. During this process, reviewer #2 questioned the necessity of transplanting organoids in an in 
vivo model and mentioned that it can be a challenging experiment. As such, and in line with these 
comments, we think that organoid transplantation experiments are not mandatory for the acceptance 
of the study. Of course, if available, we would welcome the inclusion of in vivo evidence supporting 
the Notch positive feedback mechanism.  
 
--------------------------------------------------------  
 
REFEREE REPORTS 
 
Reviewer #1:  
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Fast dividing intestinal stem cells fuel the process of repetitive tissue renewal. Multiple pathways, 
including WNT and Notch signals, have been demonstrated to regulate intestinal stem cell self-
renewal and differentiation.  
Using mouse and human intestinal organoids the authors further characterize the effect of Notch 
signaling in intestinal Lgr5+ cells. They describe a positive feedback mechanism via direct Notch 
binding to the 2nd intron of the Notch1 gene. Evidence is provided that mutation of this binding site 
hinders intestinal organoid formation and regeneration.  
 
Comments:  
1. The image quality of the lineage tracing data presented in figure EV2 does not match the 
publication standard. Notch2 derived long term tracing in the intestinal epithelium is described as 
sporadic units. In fact, the presented image, at 30 days post induction, demonstrates tracing units 
consisting mostly of only a few RFP positive cells. Given the rapid turnover rate of the intestinal 
epithelium it seems unlikely that these clones are actually epithelial derived. To verify the origin of 
such clones a higher image quality is needed. In addition, the tissue may need to be co-stained with 
epithelial and/or stromal markers.  
 
2. CRISPR-Cas9 induced mutation of the NICD binding motif significantly reduced the colony 
formation and growth rate of intestinal organoids. According to 2E, however, a number of Lgr5-
CBCs (carrying a NICD binding motif mutation) form intestinal organoids. Can such organoids be 
propagated?  
 
3. Figure EV3G demonstrates that CRISPR-Cas9 induced mutation of the NICD binding motif 
significantly decreased Notch1 transcript levels in intestinal organoids. In addition, however, it is 
also shown that JAG1 stimulation rescues the NICD binding motif mutation-induced Notch1 
ablation. In fact, such JAG1 treated organoids present an almost 2-fold up-regulated expression level 
of Notch1 (as compared to non mutated control cells) indicating additional levels of Notch1 
regulation. Does JAG1 stimulation also rescue the colony formation and growth rate of intestinal 
organoids derived from NICD binding motif-mutated cells? If so, do such organoids continue to 
depend on JAG1 stimulation after propagation? The same questions apply to human colon organoids 
generated from CRISPR-Cas9 induced mutated cells.  
 
4. The described Notch1 positive feedback loop is overall convincing. However, the entire study is 
based on intestinal organoids, which may not fully reflect the homeostatic behavior of intestinal 
stem cells in vivo. To validate the impact of NICD binding motif mutation in vivo, the authors may 
need to transplant CRISPR-Cas9-derived organoids into superficially damaged mouse colon and 
characterize the stem cell behavior in engraftment crypts.  
 
Minor comments:  
1. The order of the first figure does not correspond to the description in the main text. In addition, 
1A is not described in the main text.  
2. Figure EV1 demonstrates high levels of Lysozyme expression in sorted CD24high cells. To 
validate a restricted Lysozyme expression to the population sorted of CD24 high cells an 
immunofluorescence for Lysozyme on sorted Lgr5 cells should be included to this set of data.  
3. Human colon Lgr5+ cells are described as CBCs. This term, however, only refers to the small 
intestinal epithelium.  
 
 
 
Reviewer #2:  
 
In this manuscript the authors identify a putative enhancer located inside the Notch1 transcribed 
region that is required to maintain a positive feedback loop for Notch signaling in intestinal stem 
cells. This is an interesting finding, and in my opinion the experiments are well performed and 
supportive of the conclusion obtained.  
 
However, writing should be revised for clarity. Moreover, there is too much argumentation in the 
results section. Authors should try being more precise when they refer exclusively to the results that 
are shown and include all the interpretation of the data in the discussion section (and the background 
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in the introduction).  
 
The lineage tracing from N1-cre and N2 Cre is highly overlapping with data published by Fre et al, 
PlosOne 2011 and to my knowledge does not provide any relevant information that is required to 
support the message of the work. In contrast other relevant information such as the demonstration 
that ICN1 directly binds the enhancer region of Notch 1 is only shown in the supplementary figures 
(EV3C and F). Additional experiments have to be done to further support this essential finding that 
is in fact the core of the work: I would suggest cloning the enhanxer region in reporter vectors and 
perform quantitative luciferase assays with the wildtype and mutated sequenced (in the RBP sites).  
 
Also, in the text related to the results section, authors should help the readers in understanding what 
has been done and how. For example "We then designed CRISPR-Cas9 vectors to mutate the 
NICD/RBPJk binding motif in human colon stem cells (Fig 3C, Fig EV4B). ChIP-qPCR validated 
that the CRISPR/Cas9- mediated mutation reduced NICD binding to the motif in all three conditions 
(DMSO, JAG1, and DAPT), and prevented JAG1 treatment from increasing NICD binding (Fig 
EV4C) ". Similar to what happens along the manuscript there is no indication on whether infected 
cells were selected, what was the frequency of the mutation in the whole population of transduced 
cells and whether and when the mutation was confirmed by sequencing. All this information is 
mainly restricted to the figure legends.  
 
The flow-cytometry analysis in Fig 2G is not clear enough as lgr5GFP should produce a well-
defined population. Better flow-cytometry analysis and controls for individual staining and isotipic 
irrelevant antibody are totally required.  
 
 
 
Reviewer #3:  
 
 
In this manuscript, the authors used intestinal organoids to observe a positive feedback, in which 
N1ICD promotes its own transcription, in individual intestinal stem cells. The authors argue that this 
positive feedback helps to generate a robust mosaic pattern of mixed intestinal stem cells and Paneth 
cells in intestinal niche. They support this conclusion with both experimental and theoretical work. 
Experimentally, disruption of the Notch receptor transcription disrupts the mosaic pattern. 
Theoretically, the authors show that incorporating an intracellular positive feedback will increase the 
speed and robustness of the formation of the mosaic pattern.  
The arguments in this manuscript are interesting. However, they are not fully supported by the 
current evidence.  
 
Major questions:  
 
1. The authors use a soluble fragment of the Jag1 protein (sJag1) to activate Notch signaling. This is 
a highly controversial method and most labs do not report activation using soluble ligands, let alone 
this short, cysteine rich peptide with unclear fold. The authors need to use an alternative, less 
controversial method for ligand activation. Furthermore, The data in 1D suggest EDTA and sJag1 
have a similar effect on Paneth cells; the Western shows they do not. Based on the Western blot in 
Fig. 1E, Paneth cells do no express any Notch receptors. How can they be stimulated by addition of 
the soluble Jag1 peptide?  
 
2. The authors need to stain the cross section for Notch1 expression and for basement membrane 
proteins. If Notch1 is expressed epically, how is the sJag1 binding to it? Does it enter the organoid? 
Please provide data to demonstrate the sJag1 can actually access the relevant cells (by adding a 
fluorophore to the peptide?).  
 
3. The authors used CRISPR to target an intronic enhancer to eliminate the positive feedback. They 
present multiple sequences in Fig. EV3E, but some of the mutations should not disrupt RBP binding 
to the site. Which clone was used in the study? Was a pool of CRISPR clones assayed? The authors 
need to demonstrate loss of binding with EMSA of the predicted site and identify the specific 
mutation in the PF KO.  
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Regardless. PF KO led to reduced colony-forming efficiency, reduced growth rate and reduced CBC 
numbers. On the basis of this data, the authors argue, "the positive feedback promotes CBC self-
renewal and maintains the mosaic niche pattern". However, the observed consequence my reflect 
loss of basal Notch expression. What enhancer regulates basal Notch1 expression? Could that basal 
enhancer be disrupted as well?  
 
Based on Fig. 1E, Notch2 is insensitive to DAPT whereas Notch1 is. This will suggest that in the 
organoid Notch1 expression must be induced by Notch2, and therefore, a Notch2 null stem cells will 
have neither receptor. This is not seen in vivo- could the organoid and the intestinal niche differ in 
their modes of Notch1 regulation?  
And related to this: assuming that the DAPT concentration used in Fig. 1E is used in Fig 2G, how 
come DAPT cannot block all RBPjk-dsRED activity in vector only cells? If the concentration was 
not the same, this should be spelled out and justified.  
 
4. The authors use the model simulation assuming a parameter setting supportive of the idea that 
intracellular positive feedback increases the robustness and speed of mosaic pattern formation. How 
are the parameters selected? Are they reflecting the natural setting of intestinal niche? What will this 
model produce with a different set of parameters? 
 
 
1st Revision - authors' response 06 February 2017 

Text continued on next page. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Reviewer #1:  

 

Fast dividing intestinal stem cells fuel the process of repetitive tissue renewal. Multiple pathways, 

including WNT and Notch signals, have been demonstrated to regulate intestinal stem cell self-

renewal and differentiation.  

Using mouse and human intestinal organoids the authors further characterize the effect of Notch 

signaling in intestinal Lgr5+ cells. They describe a positive feedback mechanism via direct 

Notch binding to the 2nd intron of the Notch1 gene. Evidence is provided that mutation of this 

binding site hinders intestinal organoid formation and regeneration.  

 

Comments:  

1. The image quality of the lineage tracing data presented in figure EV2 does not match the 

publication standard. Notch2 derived long term tracing in the intestinal epithelium is described as 

sporadic units. In fact, the presented image, at 30 days post induction, demonstrates tracing units 

consisting mostly of only a few RFP positive cells. Given the rapid turnover rate of the intestinal 

epithelium it seems unlikely that these clones are actually epithelial derived. To verify the origin 

of such clones a higher image quality is needed. In addition, the tissue may need to be co-stained 

with epithelial and/or stromal markers.  

 

According to Reviewer 2’s point 1, similar data have been published by (Fre et al., 2011), who 

performed Notch2 lineage tracing after 1 day, 3 days, 7 days and 7 months and showed similar 

sporadic Notch2 labeling from 3 days to 7 months. We have removed this figure and cited the 

reference. 

 

2. CRISPR-Cas9 induced mutation of the NICD binding motif significantly reduced the 

colony formation and growth rate of intestinal organoids. According to 2E, however, a number 

of Lgr5-CBCs (carrying a NICD binding motif mutation) form intestinal organoids. Can such 

organoids be propagated? 

 

Mutated organoids lacked mature budding structures (Figure 2F), were significantly smaller than 

the empty vector control organoids, and were extremely difficult to subsequently passage, and 

could barely propagate.  

 

3. Figure EV3G demonstrates that CRISPR-Cas9 induced mutation of the NICD binding 

motif significantly decreased Notch1 transcript levels in intestinal organoids. In addition, 

however, it is also shown that JAG1 stimulation rescues the NICD binding motif mutation-

induced Notch1 ablation. In fact, such JAG1 treated organoids present an almost 2-fold up-

regulated expression level of Notch1 (as compared to non-mutated control cells) indicating 

additional levels of Notch1 regulation. Does JAG1 stimulation also rescue the colony formation 

and growth rate of intestinal organoids derived from NICD binding motif-mutated cells? If so, do 

such organoids continue to depend on JAG1 stimulation after propagation? The same questions 

apply to human colon organoids generated from CRISPR-Cas9 induced mutated cells.  

 

We appreciate Reviewer’s comment. As a clarification, in Figure EV3G, the RT-qPCR 

measurement was performed on isolated single cells with Jag1 embedded (premixed) in Matrigel 

to maximize the interactions between Notch receptors and Jag1 surrounding the single cell, and 



such Jag1 treatment lasted 48 hours, as described in the method and figure legend. We have also 

added this clarification to the revised main text. This might explain the almost 2-fold 

upregulation. The same setup cannot be applied to testing colony forming efficiency and growth 

rate, which requires continuous longer-term organoid culturing without breaking Matrigel to 

embed JAG1. Simply adding soluble JAG1 to the medium did not rescue colony formation or 

growth rates. 

 

To investigate whether additional Notch activation can rescue colony formation, we performed 

the rescue experiment using a Tamoxifen-inducible LGR5-EGFP-CreERT2 x Rosa26-YFP-

NICD (NICD-OE) mouse strain(Oh et al., 2013). Single LGR5/NICD-OE intestine cells were 

transfected with either empty vector or CRISPR/Cas9 gRNAs. Organoids under normal 

condition (w/o tamoxifen induction) and under tamoxifen treatment were compared (Figure 

EV3). The colony forming efficiency in CRISPR/Cas9 mutated organoids was rescued by 

Tamoxifen induction that activates NICD expression, while organoid sizes were only partially 

rescued. This suggests that ectopic Notch signaling rescues self-renewal, but Notch positive 

feedback may play an additional role in organoid growth.  

 

4. The described Notch1 positive feedback loop is overall convincing. However, the entire 

study is based on intestinal organoids, which may not fully reflect the homeostatic behavior of 

intestinal stem cells in vivo. To validate the impact of NICD binding motif mutation in vivo, the 

authors may need to transplant CRISPR-Cas9-derived organoids into superficially damaged 

mouse colon and characterize the stem cell behavior in engraftment crypts.  

 

We acknowledge the potential difference between organoids and crypts in vivo, which receive 

additional signaling cues from the underlying mesenchyme. However, engraftment of mouse 

colon organoids via enema has been published once (Yui et al., 2012) with few successful 

follow-ups, and the experts we have consulted with think that the engraftment efficiency is 

extremely low. Given the low self-renewal and viability of the mutated organoids, the chance of 

successful engraftment is probably too low. Furthermore, all the data in this study was based on 

mouse intestinal organoids and human colon organoids, but not on mouse colon organoids. The 

editor has advised us not to pursue this particular experiment. 

 

Minor comments:  

1. The order of the first figure does not correspond to the description in the main text. In 

addition, 1A is not described in the main text.  

 

We thank Reviewer for the careful reading. We have revised the manuscript accordingly.  

 

2. Figure EV1 demonstrates high levels of Lysozyme expression in sorted CD24high cells. 

To validate a restricted Lysozyme expression to the population sorted of CD24 high cells an 

immunofluorescence for Lysozyme on sorted Lgr5 cells should be included to this set of data.  

 

We performed the suggested experiment. Lysozyme was expressed in sorted CD24high cells, but 

not in LGR5-GFP cells (Figure EV1A). 

 
3. Human colon Lgr5+ cells are described as CBCs. This term, however, only refers to the 



small intestinal epithelium.  

We have corrected the description accordingly.  

 

 

Reviewer #2:  

 

In this manuscript the authors identify a putative enhancer located inside the Notch1 transcribed 

region that is required to maintain a positive feedback loop for Notch signaling in intestinal stem 

cells. This is an interesting finding, and in my opinion the experiments are well performed and 

supportive of the conclusion obtained.  

 

However, writing should be revised for clarity. Moreover, there is too much argumentation in the 

results section. Authors should try being more precise when they refer exclusively to the results 

that are shown and include all the interpretation of the data in the discussion section (and the 

background in the introduction). 

 

We appreciate Reviewer’s advice on rigorous scientific writing and have revised the manuscript 

accordingly. 

 

1. The lineage tracing from N1-cre and N2 Cre is highly overlapping with data published by 

Fre et al, PlosOne 2011 and to my knowledge does not provide any relevant information that is 

required to support the message of the work.  

 

We have removed the data following Reviewer’s advice. As Reviewer pointed out, our data were 

consistent with Fre et al. The only difference was that we used fluorescent reporters instead of X-

gal staining and 𝛃-galactosidase. 

 

2. In contrast other relevant information such as the demonstration that ICN1 directly binds 

the enhancer region of Notch 1 is only shown in the supplementary figures (EV3C and F). 

Additional experiments have to be done to further support this essential finding that is in fact the 

core of the work: I would suggest cloning the enhancer region in reporter vectors and perform 

quantitative luciferase assays with the wildtype and mutated sequenced (in the RBP sites).  

 

We appreciate Reviewer’s excellent suggestion and performed the luciferase reporter assay as 

suggests (Figure 2C). The wild-type and three mutated binding sequences were cloned into the 

enhancer sites of the pGL4.27 [luc2P/minP] luciferase reporter vector with a minimal promoter 

(Figure 2C, left). The luciferase signals from the 3 mutated sequences and the control sequence 

(without the binding site) were significantly lower than the wild-type sequence (Figure 2C). The 

wild-type sequence responded most strongly to Jag1 and DAPT treatments, consistent with the 

core message.  

 
Furthermore, we also performed a pull-down assay to validate the binding. Briefly, we 

synthesized oligonucleotides of the wild-type and mutated enhancer sequences labeled with 

biotin to pull down NICD/RBP complex from mouse intestinal crypt cell lysates. The interaction 

of the enhancer and NICD/RBP complex were validated by Western blot (Figure 2D). The pull-

down assay confirms that NICD interacts with the identified binding sequence, which is 



consistent with the luciferase assay.  

 

3. Also, in the text related to the results section, authors should help the readers in 

understanding what has been done and how. For example, "We then designed CRISPR-Cas9 

vectors to mutate the NICD/RBPJk binding motif in human colon stem cells (Fig 3C, Fig EV4B). 

ChIP-qPCR validated that the CRISPR/Cas9- mediated mutation reduced NICD binding to the 

motif in all three conditions (DMSO, JAG1, and DAPT), and prevented JAG1 treatment from 

increasing NICD binding (Fig EV4C) ". Similar to what happens along the manuscript there is 

no indication on whether infected cells were selected, what was the frequency of the mutation in 

the whole population of transduced cells and whether and when the mutation was confirmed by 

sequencing. All this information is mainly restricted to the figure legends.  

 

We have included more description in the revised manuscript. Briefly, after transfection of the 

CRISPR/Cas9 plasmid and puromycin selection, selected clones were picked and sequenced 

respectively. CRISPR/Cas9 was shown to have high efficiency of gene editing through NHEJ 

(Non-Homologous End Joining) and inducing indels on 3-4 bases upstream to the PAM 

(Protospacer Admacent Motif) sequence (Cong et al., 2013; Hsu et al., 2013; Wang et al., 2013; 

Yang et al., 2013). Our designed sgRNAs overlap with the motif sequence created indels of 0-3 

bases, which are 3-4 bases upstream to PAM sequence, consistent with other CRISPR editing 

papers. 

 

4. The flow-cytometry analysis in Fig 2G is not clear enough as lgr5GFP should produce a 

well-defined population. Better flow-cytometry analysis and controls for individual staining and 

isotipic irrelevant antibody are totally required.  

The mentioned flow-cytometry analysis shows the distribution of both LGR5-EGFP and RBPJK-

dsRED levels. We re-plotted the same data based on LGR5-EGFP alone, which showed a more 

defined population (Rebuttal Figure1, top).  



 
Rebuttal Figure 1. Single empty vector control or CRISPR/Cas9-postive feedback knockout (PF KO) LGR5-EGFP+ 
CBCs were transfected with an RBPJk-dsRed reporter construct and grown into organoids, which were 
subsequently treated with DMSO, DAPT or JAG1 for 48 hours. UP: Representative FACS plots for FSC and LGR5-
EGFP expression indicating a gated positive fraction for each condition. Bottom: Representative FACS plots for 
RBPJk-dsRed expression of the entire cell population.  

Reviewer #3:  

 

In this manuscript, the authors used intestinal organoids to observe a positive feedback, in which 

N1ICD promotes its own transcription, in individual intestinal stem cells. The authors argue that 

this positive feedback helps to generate a robust mosaic pattern of mixed intestinal stem cells and 

Paneth cells in intestinal niche. They support this conclusion with both experimental and 

theoretical work. Experimentally, disruption of the Notch receptor transcription disrupts the 

mosaic pattern. Theoretically, the authors show that incorporating an intracellular positive 

feedback will increase the speed and robustness of the formation of the mosaic pattern.  

The arguments in this manuscript are interesting. However, they are not fully supported by the 

current evidence.  

 

Major questions:  

1. The authors use a soluble fragment of the Jag1 protein (sJag1) to activate Notch signaling. 

This is a highly controversial method and most labs do not report activation using soluble ligands, 

let alone this short, cysteine rich peptide with unclear fold. The authors need to use an alternative, 

less controversial method for ligand activation. Furthermore, the data in 1D suggest EDTA and 

sJag1 have a similar effect on Paneth cells; the Western shows they do not. Based on the Western 

blot in Fig. 1E, Paneth cells do no express any Notch receptors. How can they be stimulated by 

addition of the soluble Jag1 peptide?  

 

There have been quite a few reports showing that recombinant Jag1 activates Notch signaling 



(Sainson et al., 2005; Xie et al., 2015; Yamamura et al., 2014). Recombinant Jag1 has also been 

used in intestinal organoid in several papers (Mahapatro et al., 2016; Sato et al., 2009; Srinivasan 

et al., 2016; Van Landeghem et al., 2012; VanDussen et al., 2012). Our Jag1 results seem to be 

consistent with activation by EDTA as well (Rand et al., 2000).  

 

However, we were fully aware of the controversy given that Notch ligands are thought to act via 

mechanical pulling—hence ligand hybridization to a surface seems to be required (Gordon et al., 

2015; Wang and Ha, 2013). We found that Jag1 only worked when being pre-mixed with 

Matrigel, potentially because the embedment in the Matrigel provides Jag1 with some stabilizing 

force to activate Notch receptors. Notch stimulation by Jag1 embedded in Matrigel was 

confirmed in multiple assays including RT-qPCR (Figure 1D), western blot (Figure 1E), and 

RBPjk reporter (Figure 2I). On the other hand, adding Jag1 directly to the medium does not 

activate Notch signaling, consistent with Reviewer’s concern (Rebuttal Figure 2). Besides the 

figure legends, we added this clarification to the main text.  

 
 

 

 

Rebuttal Figure 2. RT-qPCR quantification of Notch 
signaling components in intestine stem cells after 
organoids were either treated with free JAG1 in 
culturing medium or without adding Jag1 (ctrl). The 
experiments were performed in triplicate and 
presented mean ± S.T.D. 

Paneth cells may still have low baseline Notch receptor and effector transcript levels (e.g., most 

promoters are somewhat leaky even when they are off) detectable by sensitive RT-qPCR in 

Figure 1D, which only shows relatively fold change. However, the receptor and effector protein 

levels are below detection threshold for Western blot in Figure 1E. 

 

2. The authors need to stain the cross section for Notch1 expression and for basement 

membrane proteins. If Notch1 is expressed epically, how is the sJag1 binding to it? Does it enter 

the organoid? Please provide data to demonstrate the sJag1 can actually access the relevant cells 

(by adding a fluorophore to the peptide?).  

 

We followed Reviewer’s suggestion and stained the intestine crypt for Notch1, which showed 

alternating Notch1 pattern at the crypt bottom (Rebuttal Figure 3), consistent with images of 

Notch1 reporter (Figure 2A/B) and western blotting (Figure 1E). Notch1 is expressed on apical, 

lateral, and basal sides. Furthermore, as explain previously, in our JAG1 experiment, dissociated 

single cells were seeded in Matrigel pre-mixed with Jag1 for 48 hours, so Notch1 receptors on all 

sides of the single cells are accessible to embedded sJag1 in Matrigel.  
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Rebuttal Figure 3. Immunofluorescent images of intestine crypts. Red: Notch1, Blue: DAPI. Scale bar represents 50 

μm. 

 

3. The authors used CRISPR to target an intronic enhancer to eliminate the positive 

feedback. They present multiple sequences in Fig. EV3E, but some of the mutations should not 

disrupt RBP binding to the site. Which clone was used in the study? Was a pool of CRISPR 

clones assayed? The authors need to demonstrate loss of binding with EMSA of the predicted 

site and identify the specific mutation in the PF KO.  

 

As a clarification, after transfection of the CRISPR/Cas9 plasmid and puromycin selection, 

selected clones were picked and sequenced separately. For the study, a pool of CRISPR clones 

were assayed. We have added this information to the revised manuscript.  

 

To answer the questions of binding efficiency, we first performed a luciferase reporter assay as 

suggested by Reviewer 2. The wildtype and three mutated binding sequences were cloned to the 

enhancer sites of the pGL4.27 [luc2P/minP] luciferase reporter vector with a minimal promoter 

(Figure 2C). The luciferase signals from the 3 mutated sequences and the control sequence 

(without the binding site) were significantly lower than the wild-type sequence (Figure 2C). The 

wild-type sequence responded most strongly to Jag1 and DAPT treatments, consistent with the 

core message.  

 

As reviewer suggests, we also performed additional experiments to confirm binding. In the 

EMSA assay, only recombinant NICD and RBP proteins would be added, which may lack other 

necessary co-factors present in intestinal cells. Instead, we performed a pull-down assay to verify 

NICD binding on the sequence. Briefly, we synthesized oligonucleotides of the wild-type and 

mutated enhancer sequences (including total replacement of motif sequence, mutations on the 

CRISPR cutting sites and flanking region, and indels around the cutting site, see Figure 2D), 

labeled the enhancer DNA with biotin, and use the biotin label to pull down enhancer-binding 

NICD/RBPjk complex from mouse intestinal lysates. Western blot validated the interaction 

between the enhancer and NICD/RBP complex (Figure 2D). The WT sequence showed strongest 

NICD binding, while the mutated sequences had weaker binding. The pulldown assay is 

consistent with the luciferase reporter assay (Figure 2C) and the ChIP assay (Figure EV2F).  

 

We thank Reviewer for the excellent suggestions that helped strengthen the core finding of this 

paper. 

 

4. Regardless. PF KO led to reduced colony-forming efficiency, reduced growth rate and 

reduced CBC numbers. On the basis of this data, the authors argue, "the positive feedback 

promotes CBC self-renewal and maintains the mosaic niche pattern". However, the observed 



consequence may reflect loss of basal Notch expression. What enhancer regulates basal Notch1 

expression? Could that basal enhancer be disrupted as well?  

 

Currently it is not known which enhancer region(s) regulate basal Notch1 expression in intestine 

stem cells. The NICD-binding enhancer we identified is in the second intron, which is not a most 

likely location for regulating basal Notch1 expression, Furthermore, the luciferase reporter 

experiment confirmed that the activity of this enhancer site responds to Notch signaling level 

rather than acting as a basal site (Figure 2C). 

 

Our lab has started a new project to epigenetically profile intestinal stem cells using ATAC-Seq 

and ChIP-Seq followed by a CRISPR screening to identify specific epigenetic regions that affect 

the expression of Notch genes. We hope to provide more answers to this intriguing question in 

the future. 

   

5. Based on Fig. 1E, Notch2 is insensitive to DAPT whereas Notch1 is. This will suggest 

that in the organoid Notch1 expression must be induced by Notch2, and therefore, a Notch2 null 

stem cells will have neither receptor. This is not seen in vivo- could the organoid and the 

intestinal niche differ in their modes of Notch1 regulation?  

 

We agree with the Reviewer that Notch2 is not required to induce Notch1 in vivo, as Notch1 

inhibition causes a defective intestinal phenotype, while Notch2 inhibition causes no significant 

phenotype (Wu et al., 2010). The organoid does not have mesenchyme, which may provide 

additional signaling cues. One example is that Paneth cells are essential for organoids but 

dispensable in vivo, as the mesenchyme can provide Wnt ligands in place of Paneth cells 

(Durand et al., 2012).   

 

6. And related to this: assuming that the DAPT concentration used in Fig. 1E is used in Fig 

2G, how come DAPT cannot block all RBPjk-dsRED activity in vector only cells? If the 

concentration was not the same, this should be spelled out and justified. 

 

The Western blot and FACS of the RBPjk-dsRed reporter cells showed similar trends. However, 

it may be difficult to compare them quantitatively. First, the reporter may be more sensitive than 

blotting, as it has 12 tandem binding sites. Second, Western blot measures the average and 

depends on the exposure time.  

 

7. The authors use the model simulation assuming a parameter setting supportive of the idea 

that intracellular positive feedback increases the robustness and speed of mosaic pattern 

formation. How are the parameters selected? Are they reflecting the natural setting of intestinal 

niche? What will this model produce with a different set of parameters? 

 

The parameters of the model are based on previous Notch models from the Elowitz lab (Sprinzak 

et al., 2011; Sprinzak et al., 2010). The parameters are also varied to explore different system 

properties in the parameter spaces (as shown in Figure 4B,C, Figure EV 5A-D), which showed 

either patterning or non-patterning behaviors at the population level and either bistablity or 

monostabilty at the single cell level.  

 



We acknowledge that the computational model is unlikely to capture all possible scenarios and 

certainly cannot “prove” that positive feedback increases robustness. After all, all models are 

wrong but some models are useful. The computational analysis merely provides a likely 

explanation as to why the positive feedback might be useful to intestinal stem cells. 

   

Reference: 

Cong, L., Ran, F.A., Cox, D., Lin, S., Barretto, R., Habib, N., Hsu, P.D., Wu, X., Jiang, W., Marraffini, 
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