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REVIEWER COMMENTS 

Reviewer #1 (Remarks to the Author): expertise in single cell RNA-seq methodology 

This manuscript by Harmange et al. details a series of experiments using single-cell lineage tracing on 
melanoma cancer cell lines to delineate plasticity-based mechanisms of drug resistance. Overall I 
think the study could have great impact in the field of cancer biology, with deep implications for 
understanding mechanistically how population dynamics within tumor cells are orchestrated. 
Particularly, I find very interesting the identification of a set of drug-susceptible cells that are capable 
of transitioning to a resistance-primed state. Although I believe these results are interesting, the 
manuscript is a bit poorly organized. More than a few times I found it troubling to identify the 
conclusions to certain results or I had to piece them together from other multiple parts of the main 
text or the discussion. Other times, I felt like the authors jumped to conclusions without clearly 
describing the results in the main text (even if the figure and experimental design schematics are 
really helpful to make it cohesive). Altogether, this is not so much a problem with the 
data/conclusions, but rather the organization and presentation of results. Otherwise, my major 
concern relates to the supposed identification of “intermediate state” cells. Several data suggest to 
me that this is not truly an intermediate population. First, authors do not find clear evidences of 
intermediate states by UMAP or trajectory analysis (although this could be done in further depth). 
Second, the intermediate states appear to be present (at some rate) in both sorted samples, so 
defining the origin of these supposedly bi-fate clones in a definitive fashion seems difficult. Third, this 
population is never isolated/enriched and tested independently to validate their behavior. Fourth, it is 
not clear to me whether these clones that appear in both “susceptible” and “primed” regions are ever 
found outside these intermediate states, indistinguishable from other fully susceptible cells. The 
authors do identify enrichment of EMT/TGFbeta signaling pathway in them and then they use 
activators to confirm that susceptible-cells can be turned into primed cells by simple addition of TGFb. 
This last series of experiments, together with the state-switching stochastic model is, to me, the best 
part of the paper. However, I remain unconvinced that the intermediate state is not in fact a 
relatively long-lived, clonally-imprinted population of “bipotent” cells. In sum, I believe this is a very 
good study that will have great impact in the field, but some issues need addressing before 
publication. My point-by-point comments follow below: 

In the description of the first experiment, at the beginning of the main text, lines 95-117 describe in 
detail a single-cell lineage tracing to be performed (Fig 1A-C). But then, 119127 talk about the 
single-cell clustering results obtained (Fig. 1D). And then lines 129-147 introduce experiments and 
results with PI3K inhibitors (Fig. 1E-G), and they go on and on, without ever mentioning the lineage 
tracing data. And, as a reader, I get completely lost. I think these experiments might be a bit out of 
place in this section. I would perhaps first introduce the single cell data results clearly, then the 
changes with inhibitors, (Fig 1D-G) and then start with describing methodologically the lineage 
tracing approach in the next figure (Fig 2). Also, I don’t understand how these results (PI3Ki data) fit 
together at this point in the manuscript. They seem a bit out of place, and perhaps better introduced 
before the data from Figure 5? 

If NT5E is a better marker to homogeneously enrich resistant cells, it should be validated against 
NGFR-high and/or AXL-high cells instead of just to a mixed control (in Supp Fig 1F-G). 

The lack of transitioning cells between the susceptible and primed cluster is interesting, but alternative 
explanations are not sufficiently tested or discussed. First of all UMAP visualization can be misleading, 
depending on the PCAs selected. Cell cycle score regression was not performed, and this may be 
forcing the separation of the few “intermediate” cells around the plot, preventing identification of a 
more clear transition bridge between susceptible-primed groupings. Also, different representations, 
such as diffusion component analysis or force-directed layouts might be tested. These are sometimes 
better at representing distances between the different transitioning cells. Do the authors suggest 



that increasing the number of sampled cells would identify the trajectory properly? Or is it also 
possible that the susceptible-to-primed state transition is not gradual or continuous? 

In line 174, how is a “primed cell” and a “drug-susceptible” cell defined? This is not clearly described 
in main text, legends or methods. What I got from reading the manuscript is that they are classified 
by some form of cluster annotation. Previous publications from these authors have shown that these 
marker-based clusters (AXLhigh, EGFRhigh) are “enriched” for resistant states, but don’t purify them 
to homogeneity. Wouldn’t it be more stringent to classify them by a real drug-treatment response in 
a split of the clones? Is anything preventing this? 

The state-switch models used throughout are really useful. However, the first introduction to them 
is a bit confusing (compared with their later implementation in lines 372-395, where they are more 
clearly explained). As an example, in line 184, right after discussing the differential exp analysis, 
the reader is obliged to remember what “from this data” means. And it doesn’t actually mean the 
differential expression analysis discussed in lines 180-183 (just before), it actually means the clonal 
data analysis from lines 171-179, or does it? This is confusing to me. 

Many terms are used to define the transitioning drug-susceptible cells. Intermediate state, 
intermediate cells, crossing-lineage. Some unified terms would help in understanding what is being 
discussed. In line 211, it is said that the “intermediate cells” would have not been identified using 
standard scRNAseq techniques. Some evidence of this would be helpful to strengthen this statement 
(for instance, subclustering, PCA and reclustering analysis of the drug-susceptible clusters), especially 
since 575 genes are differentially expressed between these and non-transitioning drug-susceptible 
cells. 

Determining the initial cell state of the labeled clones by sort-enrichment is probably insufficient and 
single-cell RNAseq + clone splitting (as in Figure 5) would have been a better way of defining the initial 
states of cells and their fate-switching. Instead, two different populations were sorted and separately 
cultured and profiled some time after barcode labeling. But what were these populations really initially 
(before so many doublings)? If one population was primed-enriched and the other one contains a mix 
of both susceptible and primed-resistant states, then the origin of the bi-state clones could be 
misinterpreted. Also, the label on Fig 1C seems misleading, because it suggests that drug-susceptible 
cells were sort-enriched, and not a “mixed population” as stated in both the figure legend and text. 
The switching from primed-to-susceptible is clear, but the switch from susceptible-to-primed is not as 
clear to me if the sorted cells were not relatively pure at starting point. If this is all an issue of 
AXL/NGFR/EGFR expression heterogeneity, then perhaps NT5E could be used to purify the susceptible 
cells much better? 

More worringly, EGFR, and especially AXL, expression seem to be slightly enriched partially in the 
bottom right of the susceptible clusters, very close to the location of some of the 
intermediate/switching states. In fact, in Supp Figure 1B, it seems that those intermediate states are 
even enriched in the EGFR/NGFRhigh sample, though maybe a bit hidden by the layering. It would be 
great to visualize the colors with some transparency, or generate separate plots/quantifications of 
cluster enrichment for each sample to improve visualization. This all suggests that perhaps 
“intermediate state” are actually deterministic, heritable, clonally-imprinted bi-potent states, closer to 
the drug-susceptible region, that are deterministically giving rise to both susceptible and primed states 
over time. This could be especially concerning if this population is present in both of the sorted 
samples. 

Do intermediate cells predictably become drug resistant with a higher rate than non-intermediate 
drug-susceptible cells? Isolating these cells would be really important to validate these results. 
Perhaps, if I am correct, then NT5Elow AXL/EGFR+ cells would be a reasonable suggestion to enrich 
them, since it appears that AXL/EGFR are high at least in some regions of the intermediate state, 
and NT5E is solely expressed at high levels in the primed clusters. 



Is there a continuous trajectory of gene expression state changes throughout intermediate cells that 
leads to primed cells? Or do the authors support the idea that this is rather a stochastic gene 
expression state connected to a higher probability of transition to the resistance-primed state? 

Expression scale in Fig 2J is missing. 

The drug-induced fate-switching experiment in Figure 5 is really cool. A second untreated sample 
would have been useful to quantify the baseline rate of lineage conversion of those clones. Maybe the 
TGFBRi-treated sample serves that purpose to some extent, since there seems to be little to no effect 
with this compound. 

In the clone-splitting experiment, now, for the first time I find the most convincing data regarding the 
primed-to-susceptible switch. Clearly this is only ocurring for a handful of clones here, so it’s difficult 
to assess... however is it possible to compare this data with the bipotent fate data from figure 2 and 
see the differences? I fear that clonally imprinted AXL/EGFRmid/+ states within the NT5E-low 
subpopulation of susceptible cells might be at the origin of the bipotent behaviors observed, here 
identified as “intermediate states”. This alternative interpretation needs to be challenged properly. Do 
switching cells ever produce proper drug-susceptible cells that are indistinguishable from non-
switching cells? 

In Figure 5G, the response of clones to TGFB1 is super heterogeneous. Are there any 
(transcriptional) differences between the clones that “respond” to TGFB1 and become primed and 
the clones that do not? Are they connected to the expression signature of the intermediate state? 
It would really increase the impact of the manuscript if specific signatures within susceptible cells 
are present and predict their TGFB1 response. 

Reviewer #3 (Remarks to the Author): expert in single cell transcriptomics bioinformatics 

The authors identify a rare population of melanoma cells which is primed for resistance to treatment 
from a BRAF and MEK inhibitor combination. The authors characterize the kinetics of the transition 
between the susceptible and resistant subpopulations using scMemorySeq. They also identify key 
markers such as NT5E and the EMT-like state to define the primed state or cells transitioning to the 
primed state. They go on to show that inhibiting PI3K signaling and supplementing TFGB1 ligand can 
drive cells to switch to susceptible or primed states, respectively. Concerns with this paper relate to 
the soundness of their conclusion about cellular memory which is critical to the novelty of the work 
since the presence of such a pathway to cause resistance to BRAF/MEK inhibitor has been well 
trodden (Smith et al Cancer Cell 2016), and evidence that a subpopulation is responsible has been 
described (Fallahi-Sichani Mol. Bio.Sys 2017). In the absence of convincing and clear rationale for the 
concept of cellular memory, it is unclear what else is being added here in the absence of any deep 
biological or pharmacologic investigation. 

Major Comments 



Related to Fig. 1E and Supplementary Fig. 3A-C, the authors indicate that by modulating the number 
of primed or susceptible cells they can alter the number of eventual resistant cells. However, 
Supplementary Fig3D shows that different treatment strategies tested can result in differences in cell 
doublings; these differences may affect endpoint quantification of the number of resistant cells and/or 
colonies. The authors should show supporting proliferation and apoptotic data of their pretreatment 
strategies or normalize data to pretreatment controls. 

For example in Figure 1E, the authors claim that the dose used for pretreatment with the PI3K 
inhibitor did not kill cells nor did it impact cell proliferation; however, in supplementary figure 3D, 
pretreatment with PI3K is shown to result in decreased cell doublings. The authors should show their 
analysis for cell proliferation and apoptosis upon PI3K inhibition and show how they derived at their 
optimal concentration. 

The authors claim that the primed and susceptible cell states are two discrete states as shown in the 
two clusters seen in Fig. 1D, however in 5B there does not seem to be a similar discretization in the 
untreated cells. Moreover, the switch between primed and susceptible seems to be a continuous 
phenomenon evidenced by the distribution of NT5E expression in the population as shown in Fig. 4B 
and 5B. Thus it would appear that cells are undulating through a continuum instead of jumping 
between discrete configurations of those pathways and that some drugs are altering the level of this 
specific gene signature. Could an alternative model be that NT5E/EMT level in all cells is turned up or 
down by TGFB or PI3K inhibition, leading to some cells crossing a threshold, making it appear that 
there is a switch in cell state? What if the histograms in 4B are overlaid, do the drugs inhibit or enhance 
levels of NT5E in the majority of cells (i.e. shift in median level of NT5E)? 

In Fig. 2D, MITF is downregulated in sister cells of primed cells compared to lineages without primed 
cells. Also, in Fig. 2J the primed vs susceptible heatmap shows that MITF is further downregulated in 
primed cells. It is very well established in the literature that BRAF/MEKi resistant cells in melanoma 
upregulate MITF (Smith et al, 2016 Cancer Cell, Johannssen Nature 2013 among others). What is the 
reason for this discrepancy, is there a process where the full resistant cells go from downregulating 
MITF to then upregulating it? 

Minor comments: 

The NT5E high cutoff for untreated cells used in Fig. 4B should be changed such that the ratio of 
primed to susceptible cells is the same as shown in the two clusters in both Fig. 1D and Fig 2B for 
consistency. Ideally the cutoff should be based on the percent of cells that survive BRAFi/MEKi 
treatment alone. 

In the case of phenotype switching of barcodes from primed to susceptible and vice versa (Fig. 5G 
and 5H), the fraction of cells from the respective lineages in the primed state for the untreated 
sample should be shown for better readability of data. 

In Fig. 3A, the authors should quantify the expression of SOX10 and NT5E in the region of interest 
compared to a control region. 
Fig. 3B and Fig 3D require controls (normal tissue or untransformed samples) for primed and 
susceptible states in order to show that the heterogeneity captures something outside the normal 
range of expression. 

In Fig. 5G, a better visualization of the concept shown would be to take a representative number of 
lineages (say 20 lineages) and connect them via a line across the different treatments. This would 
show how each specific lineage changes in the fraction of primed cells by treatment. 

The authors should show that they can recapitulate the two clusters observed in Fig. 1D UMAP from 
the untreated cells in Fig. 5B,C,D to better define the primed and susceptible 



populations. Can you take the annotations from this newly created UMAP and map them onto the 
UMAP shown in Fig. 5B,C,D to see if it aligns with your definition of primed and susceptible 
populations shown in that figure? 

Given that primed and susceptible cells have different growth rates, it may be reasonable to assume 
that there might be differences in the cell cycle which could explain the clusters in Fig 1D. The data 
should have cell cycle markers regressed out. Supplementary data Fig. 2B shows a high difference in 
% of cells in S phase between the two clusters. If the two clusters no longer remain after regressing 
out those markers, then there is a significant flaw in using this method to call cells as primed or 
susceptible. 

Reviewer #4 (Remarks to the Author): expert in RNA biology and transcriptional regulation 

Summary: 

In this interesting study, Harmange and colleagues developed a single-cell RNA-sequencing based 
approach to measure cell state memory in mammalian cells. This is of clinical relevance as it has 
been previously shown that melanoma cells can switch between therapy resistance (primed) and 
drug-naïve cell states. To measure cellular memory the authors aimed to track transcriptional states 
across cell lineages. Towards this, Harmange et al appled a barcoding library to melanoma cells and 
subsequently profiled the transcriptome of those barcoded cells at a single-cell level after a certain 
number of cell doublings. Through lineage tracing with cell barcoding the authors found that most 
cells maintained their cell state memory, which was in contrast to their previous conclusions from 
bulk RNA-sequencing studies that indicated dynamic fluctuation between therapy resistant and drug-
naïve gene expression states in the same studied cell line. However, in their new manuscript using 
single-cell analysis the authors identified a pool of cells that lost their gene expression memory and 
they demonstrated that this lineage switching is dependent on PI3K and can be induced by TGFB1. 
They also confirmed that similar gene expression signatures exist in mouse models and patient 
samples. Finally, the authors demonstrated that the transcriptional memory remains stable over time 
and that treatment with TGFB1 and PI3Ki induces primed and drug-susceptible states, respectively. 
Although only a small fraction of cells switches states upon those treatments this is still sufficient to 
alter the outcome of treatment regimens across a cell population. 
Overall, the experimental approach (scMemorySeq) and conclusions of this study are novel, accurate, 
clinically relevant and of great interest to a broad readership. The experiments are well controlled, 
data are presented in a clear and visually attractive manner and methods are described in sufficient 
details. Overall, this manuscript is suitable for publication after addressing the minor comments listed 
below. 

Minor comments: 
- Line 50-53: It would be helpful if the authors could summarize their previous work in a bit more 
detail. Maybe they could add 1-2 sentences briefly describing the technology and cancer type used 
along with major finding from the cited studies. 
- Line 242: delete “population” 
- Line 335: Shouldn’t this read “SOX-high” instead of “SOX-low”? 
- The authors apply a PI3K inhibitor and show that this decreases drug resistance in melanoma 
cells. PI3K inhibition should ideally be confirmed by assessing phosphorylation state of kinase 
targets by western blotting. 
- Also, can the authors comment on whether addition of TGFB1 induce any markers of EMT as 
observed in intermediate cell states (using scRNA-seq data from Fig. 5)? 
- Given the prominent association with primed cell state, the authors should consider 
displaying the NT5E marker gene in the heat maps displayed in Fig. 5F. Do the NT5E transcript 
levels correlate with the protein level shown in Fig. 4C? 



Reviewer #5 (Remarks to the Author): expertise in melanoma drug resistance 

In their manuscript, Harmange et al present a novel method for in vitro tracking of phenotypic 
switching using barcoding and scRNAseq. Using this method, they explore the kinetics and dynamics 
of cellular switching between a drug-sensitive state and a state primed for drug resistance in 
melanoma. Authors then examine how pre-treating cells with inhibitors of TGFBR and PI3K based on 
the transcriptional characteristics of resistance “primed” states affect these transitions. These data 
provide insights into the molecular pathways which may regulate the transitions between cell states. 
Data gathered in these studies was then utilized to parameterize a mathematical model of phenotypic 
switching between the drug-susceptible and drug-primed state. Although many of the transcriptional 
characteristics of the drug-sensitive and drug-resistant states have been defined previously, the 
kinetics and dynamics of cell transitions through these states have never been explored and are of 
high interest to the melanoma research community. This work also provides a deeper functional 
dimension to some of the pathways previously implicated in BRAF inhibitor resistance. 

Questions/concerns: 

1. Is it possible that melanoma tumors have more than 1 drug resistance “primed” and more than 1 
drug-sensitive state? There have been a few papers now that have identified 46 transcriptional states 
in melanoma, most recently a paper from the Marine lab in Nature volume 610, pages 190–198 
(2022). Is there any indication how the drug sensitive and drug “primed” states defined in this 
manuscript fit within the 6 cellular state landscape described in the Marine lab study? It would be 
helpful to understand how the states identified here fit into the published states. For example, is the 
“primed” state the same cells that are identified as “mesenchymal-like”? and are the sensitive states a 
combination of all others? Or are mesenchymal-like the very rare subset of the “primed” state that are 
then also resistant to PI3Ki pre-treatment coupled with BRAF inhibitor treatment? 

2. Is pre-treatment with PI3K more, less, or similarly as effective compared to simultaneous 
combination treatment? This is an essential question that needs to be answered and would 
have a large impact on how dynamic treatment strategies are developed preclinically and 
clinically. 

3. Importantly, the authors show that pre-treating cells with PI3K significantly reduces but does not 
completely abolish the outgrowth of resistant cells. The authors should analyze the transcriptional 
profiles of rare cells in the lineage which did not respond to PI3Ki. It is essential to know more about 
these states, how they are different from BRAFi-sensitive and “primed” states, and potential insights 
into how they can be targeted. 

4. If the drug-susceptible cells in lineages with a high proportion of cells already in the primed state 
are more easily switched into the primed state, is it possible to predict clinical response to BRAFi 
based on the content of the primed state in a tumor? 

5. The authors are tackling a phenomenon that has been studied intensely for the last decade. It 
is important to be more thorough about setting the context for this study and make sure cite 
additional papers related to: 
a) Reversal to drug-sensitive state and leveraging of state dynamics in therapy scheduling 
b) AXL/MITF/SOX10/FN1 transcriptional states related to BRAFi resistance 
c) Role of TGFbeta in BRAFi response 
d) Role of PI3K inhibitors in reversing BRAFi resistance 
Although authors do cite some work in some of these areas, it could be more thorough. 

Minor questions/concerns: 
1. Why did almost half the cells profiled not have barcodes (related to results for Figure 1)? 
Are barcodes lost over time or were barcoded and non-barcoded cells analyzed? 



2. There is a typo on line 24 



ReYieZeU #1: e[peUWiVe in Vingle cell RNA-VeT meWhodolog\
ThiV manXVcUiSW b\ HaUmange eW al. deWailV a VeUieV of e[SeUimenWV XVing Vingle-cell lineage WUacing on
melanoma canceU cell lineV Wo delineaWe SlaVWiciW\-baVed mechaniVmV of dUXg UeViVWance. OYeUall I Whink Whe
VWXd\ coXld haYe gUeaW imSacW in Whe field of canceU biolog\, ZiWh deeS imSlicaWionV foU XndeUVWanding
mechaniVWicall\ hoZ SoSXlaWion d\namicV ZiWhin WXmoU cellV aUe oUcheVWUaWed. PaUWicXlaUl\, I find YeU\ inWeUeVWing
Whe idenWificaWion of a VeW of dUXg-VXVceSWible cellV WhaW aUe caSable of WUanViWioning Wo a UeViVWance-SUimed VWaWe.
AlWhoXgh I belieYe WheVe UeVXlWV aUe inWeUeVWing, Whe manXVcUiSW iV a biW SooUl\ oUgani]ed. MoUe Whan a feZ WimeV
I foXnd iW WUoXbling Wo idenWif\ Whe conclXVionV Wo ceUWain UeVXlWV oU I had Wo Siece Whem WogeWheU fUom oWheU
mXlWiSle SaUWV of Whe main We[W oU Whe diVcXVVion. OWheU WimeV, I felW like Whe aXWhoUV jXmSed Wo conclXVionV
ZiWhoXW cleaUl\ deVcUibing Whe UeVXlWV in Whe main We[W (eYen if Whe figXUe and e[SeUimenWal deVign VchemaWicV
aUe Ueall\ helSfXl Wo make iW coheViYe). AlWogeWheU, WhiV iV noW Vo mXch a SUoblem ZiWh Whe daWa/conclXVionV, bXW
UaWheU Whe oUgani]aWion and SUeVenWaWion of UeVXlWV. OWheUZiVe, m\ majoU conceUn UelaWeV Wo Whe VXSSoVed
idenWificaWion of ³inWeUmediaWe VWaWe´ cellV. SeYeUal daWa VXggeVW Wo me WhaW WhiV iV noW WUXl\ an inWeUmediaWe
SoSXlaWion. FiUVW, aXWhoUV do noW find cleaU eYidenceV of inWeUmediaWe VWaWeV b\ UMAP oU WUajecWoU\ anal\ViV
(alWhoXgh WhiV coXld be done in fXUWheU deSWh). Second, Whe inWeUmediaWe VWaWeV aSSeaU Wo be SUeVenW (aW Vome
UaWe) in boWh VoUWed VamSleV, Vo defining Whe oUigin of WheVe VXSSoVedl\ bi-faWe cloneV in a definiWiYe faVhion
VeemV difficXlW. ThiUd, WhiV SoSXlaWion iV neYeU iVolaWed/enUiched and WeVWed indeSendenWl\ Wo YalidaWe WheiU
behaYioU. FoXUWh, iW iV noW cleaU Wo me ZheWheU WheVe cloneV WhaW aSSeaU in boWh ³VXVceSWible´ and ³SUimed´
UegionV aUe eYeU foXnd oXWVide WheVe inWeUmediaWe VWaWeV, indiVWingXiVhable fUom oWheU fXll\ VXVceSWible cellV.
The aXWhoUV do idenWif\ enUichmenW of EMT/TGFbeWa Vignaling SaWhZa\ in Whem and When Whe\ XVe acWiYaWoUV Wo
confiUm WhaW VXVceSWible-cellV can be WXUned inWo SUimed cellV b\ VimSle addiWion of TGFb. ThiV laVW VeUieV of
e[SeUimenWV, WogeWheU ZiWh Whe VWaWe-VZiWching VWochaVWic model iV, Wo me, Whe beVW SaUW of Whe SaSeU. HoZeYeU, I
Uemain XnconYinced WhaW Whe inWeUmediaWe VWaWe iV noW in facW a UelaWiYel\ long-liYed, clonall\-imSUinWed
SoSXlaWion of ³biSoWenW´ cellV. In VXm, I belieYe WhiV iV a YeU\ good VWXd\ WhaW Zill haYe gUeaW imSacW in Whe field,
bXW Vome iVVXeV need addUeVVing befoUe SXblicaWion. M\ SoinW-b\-SoinW commenWV folloZ beloZ:

We Whank Whe UeYieZeU foU WheiU aVVeVVmenW of oXU ZoUk in Whe conWe[W of canceU biolog\. The UeYieZeU
haV SoinWed oXW Vome imSoUWanW conVideUaWionV UegaUding Whe manXVcUiSW oUgani]aWion and SoWenWial foU
bi-faWe cloneV. To addUeVV WheVe commenWV, Ze fiUVW UeVWUXcWXUed Whe manXVcUiSW Wo bXild oXW Whe UeVXlWV
in a moUe logical manneU, Zhich inYolYed moYing Whe PI3K inhibiWoU UeVXlWV fUom Fig. 1 inWo 6. We alVo
claUified Whe UeVXlWV WhUoXghoXW Whe We[W Wo beWWeU jXVWif\ Whe conclXVionV.

The SoWenWial WhaW Whe aSSeaUance of VWaWe-VZiWching iV dXe Wo bi-faWe cloneV iV an inWeUeVWing alWeUnaWiYe
h\SoWheViV; hoZeYeU, oXU SUeYioXV ZoUk on WheVe cellV, aV Zell aV fXUWheU anal\ViV of oXU neZ daWa,
VhoZV WhaW VWaWe-VZiWching iV indeed Whe caXVe of lineageV aSSeaUing in boWh VWaWeV. We deVcUibe WhiV
fXUWheU beloZ in Whe VecWion ZheUe Whe UeYieZeU oXWlineV WhiV SoinW moUe WhoUoXghl\.

In Whe deVcUiSWion of Whe fiUVW e[SeUimenW, aW Whe beginning of Whe main We[W, lineV 95-117 deVcUibe in deWail a
Vingle-cell lineage WUacing Wo be SeUfoUmed (Fig 1A-C). BXW When, 119-127 Walk aboXW Whe Vingle-cell clXVWeUing
UeVXlWV obWained (Fig. 1D). And When lineV 129-147 inWUodXce e[SeUimenWV and UeVXlWV ZiWh PI3K inhibiWoUV (Fig.
1E-G), and Whe\ go on and on, ZiWhoXW eYeU menWioning Whe lineage WUacing daWa. And, aV a UeadeU, I geW
comSleWel\ loVW. I Whink WheVe e[SeUimenWV mighW be a biW oXW of Slace in WhiV VecWion. I ZoXld SeUhaSV fiUVW
inWUodXce Whe Vingle cell daWa UeVXlWV cleaUl\, When Whe changeV ZiWh inhibiWoUV, (Fig 1D-G) and When VWaUW ZiWh
deVcUibing meWhodologicall\ Whe lineage WUacing aSSUoach in Whe ne[W figXUe (Fig 2). AlVo, I don¶W XndeUVWand
hoZ WheVe UeVXlWV (PI3Ki daWa) fiW WogeWheU aW WhiV SoinW in Whe manXVcUiSW. The\ Veem a biW oXW of Slace, and
SeUhaSV beWWeU inWUodXced befoUe Whe daWa fUom FigXUe 5?

We comSleWel\ agUee ZiWh Whe UeYieZeU¶V VXggeVWion foU imSUoYing Whe SaSeU¶V oUgani]aWion. PeU WhiV
VXggeVWion, Ze haYe made VignificanW changeV Wo Whe oUgani]aWion of Whe SaSeU, inclXding moYing Whe



figXUeV and We[W inWo Whe oUdeU Uecommended b\ Whe UeYieZeU. We noZ VWaUW Whe SaSeU b\ SUeVenWing Whe
VcMemoU\SeT WechniTXe and e[SeUimenWal deVign in WM989 melanoma cellV. We When focXV on oXU
findingV fUom VcRNA-VeT, anal\]ing Whe dUXg-VXVceSWible and SUimed gene e[SUeVVion VWaWeV (Fig. 1)
and VhoZing WhaW WheVe VWaWeV e[iVW in YiYo (Fig. 2). Ne[W, Ze VhoZ hoZ Ze XVe baUcoding daWa Wo
idenWif\ Whe dUiYeUV of VWaWe VZiWching (Fig. 3, 4), folloZed b\ oXU VcRNA-VeT e[SeUimenW SUoYing Ze can
dUiYe VWaWe VZiWching (Fig. 5). WiWh Whe VWaWe-VZiWching SaUadigm eVWabliVhed Ze conclXde Whe SaSeU b\
VhoZing WhaW maniSXlaWing VWaWe-VZiWching haV an imSacW on dUXg UeViVWance (Fig. 6). We belieYe WhiV
neZ oUgani]aWion iV mXch moUe logical and eaV\ Wo folloZ.

If NT5E iV a beWWeU maUkeU Wo homogeneoXVl\ enUich UeViVWanW cellV, iW VhoXld be YalidaWed againVW NGFR-high
and/oU AXL-high cellV inVWead of jXVW Wo a mi[ed conWUol (in SXSS Fig 1F-G).

We agUee WhaW Wo VhoZ NT5E iV a good maUkeU Ze mXVW comSaUe iW Wo oWheU maUkeUV. In Whe iniWial
YeUVion of Whe SaSeU, Ze VhoZed in SXSS. Fig. 1G (noZ SXSS. Fig. 2B) WhaW Whe WoS 0.2% of
NGFR/EGFR high cellV lead Wo VimilaU amoXnWV of UeViVWance Wo Whe WoS 2% of NT5E high cellV.

AV Uecommended b\ Whe UeYieZeU, Ze haYe noZ SeUfoUmed addiWional e[SeUimenWV Wo diUecWl\ comSaUe
Whe WoS 2% of NT5E-e[SUeVVing cellV, Whe WoS 0.2% of NGFR-e[SUeVVing cellV, Whe WoS 0.2% of
EGFR-e[SUeVVing cellV, and Whe WoS 0.2% of NGFR/EGFR-e[SUeVVing cellV (Whe gold VWandaUd XVed in
SUeYioXV SaSeUV). We VoUW oXW a higheU SeUcenWage of NT5E-high cellV (Zhich iV leVV VWUingenW) becaXVe
NT5E-high cellV make XS a laUgeU SeUcenWage of Whe SoSXlaWion Whan NGFR and EGFR-high cellV. We
VoUWed WheVe VamSleV and When WUeaWed each VamSle ZiWh BRAFi foU 3 ZeekV. ThiV daWa VhoZV WhaW
NT5E SeUfoUmV beWWeU Whan VoUWing foU EGFR oU NGFR alone and SeUfoUmV VimilaUl\ Zell Wo VoUWing foU
NGFR/EGFR high cellV Zhile caSWXUing Whe Zhole SUimed cell SoSXlaWion inVWead of jXVW a VXbVeW (SXSS.
Fig. 2A, B (VhoZn beloZ)).

SXSSOHPHQWDU\ FLJXUHV 2A DQG 2B: 9DOLGDWLRQ RI NT5E DV D SULPHG FHOO PDUNHU DQG FRPSDULVRQ WR EGFR DQG
NGFR. Plots showing the number of resistant cells after sorting by different markers and then treating with BRAFi. The left
plot compares all single markers and the right plot compares the gold standard NGFR/EGFR-high cells to NT5E-high
cells. Each condition has a minimum of 3 replicates and the error bars are the mean absolute deviation. The control
condition consists of the bottom 50% of cells for each marker.

The lack of WUanViWioning cellV beWZeen Whe VXVceSWible and SUimed clXVWeU iV inWeUeVWing, bXW alWeUnaWiYe
e[SlanaWionV aUe noW VXfficienWl\ WeVWed oU diVcXVVed. FiUVW of all UMAP YiVXali]aWion can be miVleading,
deSending on Whe PCAV VelecWed. Cell c\cle VcoUe UegUeVVion ZaV noW SeUfoUmed, and WhiV ma\ be foUcing Whe
VeSaUaWion of Whe feZ ³inWeUmediaWe´ cellV aUoXnd Whe SloW, SUeYenWing idenWificaWion of a moUe cleaU WUanViWion
bUidge beWZeen VXVceSWible-SUimed gUoXSingV. AlVo, diffeUenW UeSUeVenWaWionV, VXch aV diffXVion comSonenW
anal\ViV oU foUce-diUecWed la\oXWV mighW be WeVWed. TheVe aUe VomeWimeV beWWeU aW UeSUeVenWing diVWanceV
beWZeen Whe diffeUenW WUanViWioning cellV. Do Whe aXWhoUV VXggeVW WhaW incUeaVing Whe nXmbeU of VamSled cellV



ZoXld idenWif\ Whe WUajecWoU\ SUoSeUl\? OU iV iW alVo SoVVible WhaW Whe VXVceSWible-Wo-SUimed VWaWe WUanViWion iV noW
gUadXal oU conWinXoXV?

We Whank Whe UeYieZeU foU VXggeVWing addiWional anal\VeV foU idenWif\ing cellV beWZeen Whe VXVceSWible
and SUimed clXVWeUV. AV VXggeVWed b\ Whe UeYieZeU, Ze haYe noZ e[WenViYel\ WeVWed diffeUenW
dimenVionaliW\ UedXcWion meWhodV and anal\ViV aSSUoacheV Wo YiVXali]e WheVe WZo diffeUenW SoSXlaWionV
and added WheVe SloWV Wo SXSS. Fig. 1E-G, inclXding UegUeVVing oXW Whe cell c\cle, SUoceVVing each
ShaVe of Whe cell c\cle indeSendenWl\, SUinciSal comSonenW anal\ViV, diffXVion comSonenW anal\ViV, and
foUce-diUecWed la\oXW.

USon UegUeVVing oXW Whe cell c\cle effecWV, Ze foXnd WhaW Whe diVWincWion beWZeen Whe dUXg-VXVceSWible
VWaWe and Whe SUimed VWaWe Uemained, ZiWh a VlighW incUeaVe in Whe gUoXSing of inWeUmediaWe cellV (SXSS.
Fig. 1E). BecaXVe cell c\cle UegUeVVion mighW noW be comSleWel\ SeUfecW, Ze alVo WeVWed SloWWing cellV
fUom each ShaVe of Whe cell c\cle indiYidXall\ and foXnd WhaW dUXg-VXVceSWible and SUimed cellV conWinXe
Wo clXVWeU VeSaUaWel\ foU each ShaVe (SXSS. Fig. 1F). AlWeUnaWiYe daWa YiVXali]aWionV, inclXding Whe fiUVW
WZo SUinciSal comSonenWV, diffXVion comSonenW anal\ViV, and foUce-diUecWed la\oXW, VhoZed moUe cellV
SoViWioned beWZeen Whe dUXg-VXVceSWible and SUimed VWaWeV (SXSS. Fig. 1G (alVo VhoZn beloZ)).

MoUeoYeU, Ze aVVeVVed YaUioXV PC combinaWionV in Whe UMAP anal\ViV and deWeUmined WhaW
incoUSoUaWing moUe Whan Vi[ PCV diVWincWl\ VeSaUaWed Whe WZo SoSXlaWionV. While Ze acknoZledge WhaW
oSWimi]ing SaUameWeUV coXld SoWenWiall\ connecW WheVe WZo gUoXSV of cellV, Ze emShaVi]e WhaW
dimenVionaliW\ UedXcWion meWhodV can be highl\ maniSXlable. AV a UeVXlW, Ze baVe oXU VWaWe
aVVignmenWV on high-dimenVionaliW\ clXVWeUing UaWheU Whan dimenVionaliW\ UedXcWion oXWcomeV, defining
SUimed cellV aV WhoVe in LoXYain clXVWeUV e[SUeVVing nXmeUoXV knoZn SUimed VWaWe maUkeUV.

To acknoZledge Whe aboYe SoinWV in Whe manXVcUiSW Ze haYe added Whe folloZing VenWence:

³The diVWincWion beWZeen WheVe WZo VWaWeV iV UobXVW and Veen in high dimenVional VSace b\ LoXYain
clXVWeUing and b\ mXlWiSle dimenVionaliW\ UedXcWion meWhodV (SXSS. Fig. 1A, C, E-H).´

Since mXlWiSle YiVXali]aWion meWhodV (PCA, diffXVion comSonenW anal\ViV, and foUce-diUecWed la\oXW) all
VhoZed cellV in beWZeen Whe WZo majoU clXVWeUV, Ze TXeVWioned ZheWheU WheVe cellV ZeUe Whe Vame
acUoVV Whe diffeUenW YiVXali]aWion meWhodV. To deWeUmine if Whe\ ZeUe Whe Vame, Ze eVWabliVhed aUbiWUaU\
WhUeVholdV in PC1 Wo caSWXUe cellV beWZeen Whe WZo majoU gUoXSV of dUXg-VXVceSWible and SUimed cellV,
Zhich Ze UefeU Wo aV "cenWeU cellV" (Vee Whe fiUVW Sanel in Whe figXUe beloZ). We When SloWWed WheVe cenWeU
cellV XVing oWheU dimenVionaliW\ UedXcWion meWhodV and foXnd WhaW Whe cellV beWZeen Whe clXVWeUV ZeUe
indeed Whe Vame in boWh diffXVion comSonenW anal\ViV and foUce-diUecWed la\oXW. InWeUeVWingl\, WheVe
cellV alVo aSSeaUed in Whe Vame aUeaV of Whe UMAP SloW aV Whe inWeUmediaWe VWaWe (alWhoXgh Whe cellV
aUe faU fUom an e[acW maWch). ThiV VXggeVWV WhaW diffeUenW YiVXali]aWion meWhodV can be XVed Wo eVWimaWe
Zhich cellV ma\ be WUanViWioning.

HoZeYeU, WhiV aSSUoach neceVViWaWeV VelecWing a YiVXali]aWion meWhod belieYed Wo be moVW accXUaWe,
Zhich haV no definiWiYe anVZeU, and deWeUmining aSSUoSUiaWe WhUeVholdV in 2D VSace, Zhich alVo haV no
definiWiYe anVZeU (aV menWioned, Whe WhUeVholdV XVed heUe aUe aUbiWUaU\). AV a UeVXlW, Ze conWend WhaW
XWili]ing lineage daWa Wo idenWif\ inWeUmediaWe cellV SUoYideV a moUe UobXVW aSSUoach. ThiV meWhod alloZV
XV Wo focXV on cellV WhaW haYe XndeUgone VWaWe changeV, and alWhoXgh WhUeVhold VelecWion iV VWill
UeTXiUed, oXU meWUic WakeV inWo accoXnW Whe e[SUeVVion of oYeU 500 geneV deemed cUiWical Wo Whe
VWaWe-VZiWching SUoceVV, aV Whe\ aUe all XSUegXlaWed in cUoVVing lineageV UelaWiYe Wo non-cUoVVing oneV.



To emShaVi]e Whe adYanWage of XVing lineage infoUmaWion oYeU 2D UeSUeVenWaWionV, Ze haYe ZUiWWen Whe
folloZing in Whe We[W:

³TheVe UaUe inWeUmediaWe VWaWe cellV aUe confidenWl\ idenWified XVing lineage infoUmaWion, bXW aUe difficXlW
Wo accXUaWel\ idenWif\ fUom Whe VcRNAVeT alone (SXSS. Fig. 1G).´

While iW iV SoVVible WhaW incUeaVing cell VamSleV ZoXld moUe cleaUl\ idenWif\ a cUoVVing WUajecWoU\ XVing
UMAP, iW iV noW neceVVaUil\ WUXe Vince cUoVVing cellV Zill alZa\V make XS a Vmall fUacWion of Whe cellV.
We SoViW WhaW Whe WUanViWion beWZeen Whe dUXg-VXVceSWible and SUimed VWaWeV, alWhoXgh SoWenWiall\ UaSid,
iV UelaWiYel\ conWinXoXV. To gain inVighW inWo Whe conWinXiW\ of WhiV SUoceVV, Ze can UefeU Wo Whe heaW maS
in Fig. 3J VhoZing Whe gene e[SUeVVion VWaWeV of Whe dUXg-VXVceSWible, inWeUmediaWe, and SUimed VWaWeV.
HeUe Ze obVeUYe WhaW Vome geneV VhoZ a gUadXal incUeaVe oU decUeaVe in WheiU e[SUeVVion dXUing VWaWe
VZiWching, UaWheU Whan abUXSWl\ WUanViWioning fUom no e[SUeVVion Wo high e[SUeVVion. ImSoUWanWl\, Ze do
find geneV WhaW aUe VSecific Wo Whe inWeUmediaWe cell VWaWe, inclXding NFATC2 and MGP.

SXSSOHPHQWDU\ FLJXUH 1G: VFRNAVHT GDWD IURP FLJXUH 1 SORWWHG ZLWK GLIIHUHQW YLVXDOL]DWLRQ PHWKRGV. Cells are
colored by their state defined in our analyses.

FLJXUH: VFRNAVHT GDWD IURP FLJXUH 1 SORWWHG ZLWK GLIIHUHQW YLVXDOL]DWLRQ PHWKRGV VKRZLQJ FHOOV LQ EHWZHHQ WKH
SULPHG DQG GUXJ-VXVFHSWLEOH VWDWH EDVHG RQ PC1. Light blue designates the cells identified as the center of PC1.
These cells have some overlap with the cells identified by the barcodes (above and in Supp. Fig. 1G), but are largely
different. This supports the use of lineage barcodes to precisely identify this population of cells.

In line 174, hoZ iV a ³SUimed cell´ and a ³dUXg-VXVceSWible´ cell defined? ThiV iV noW cleaUl\ deVcUibed in main
We[W, legendV oU meWhodV. WhaW I goW fUom Ueading Whe manXVcUiSW iV WhaW Whe\ aUe claVVified b\ Vome foUm of
clXVWeU annoWaWion. PUeYioXV SXblicaWionV fUom WheVe aXWhoUV haYe VhoZn WhaW WheVe maUkeU-baVed clXVWeUV
(AXLhigh, EGFRhigh) aUe ³enUiched´ foU UeViVWanW VWaWeV, bXW don¶W SXUif\ Whem Wo homogeneiW\. WoXldn¶W iW be
moUe VWUingenW Wo claVVif\ Whem b\ a Ueal dUXg-WUeaWmenW UeVSonVe in a VSliW of Whe cloneV? IV an\Whing
SUeYenWing WhiV?

The UeYieZeU makeV an aVWXWe SoinW UegaUding oXU WeUminolog\ and definiWionV foU SUiming. To addUeVV
WhiV, Ze haYe UeYiVed Whe manXVcUiSW Wo claUif\ WhaW Whe ³dUXg-VXVceSWible VWaWe´ and ³SUimed cell VWaWe´
aUe defined b\ oXU gene e[SUeVVion anal\VeV. To idenWif\ cellV foU claVVificaWion aV dUXg-VXVceSWible oU
SUimed, Ze deWeUmined Zhich LoXYain clXVWeUV e[SUeVV high leYelV of SUimed maUkeU geneV. To make
WhiV cleaU Ze haYe added Whe folloZing Wo Whe caSWion of SXSS. Fig. 1A:



³ClXVWeUV 2, 8, and 9 aUe labeled aV SUimed cellV baVed on WheiU e[SUeVVion of knoZn SUimed maUkeU
geneV and NT5E.´

We connecW Whe SUimed cell VWaWe ZiWh Whe SUiming behaYioU b\ VhoZing WhaW NT5E-high cellV aUe mXch
moUe likel\ Wo VXUYiYe BRAFi/MEKi Whan Whe mi[ed oU NT5E-loZ SoSXlaWion. The UeYieZeU accXUaWel\
noWeV WhaW VoUWing foU NT5E (oU oWheU maUkeUV) onl\ enUicheV foU VXUYiYal bXW doeV noW gXaUanWee WhaW all
of WheVe VoUWed cellV Zill VXUYiYe BRAFi/MEKi. BaVed on WheVe e[SeUimenWV, Ze haYe XSdaWed Whe We[W
Wo emShaVi]e WhaW cellV in Whe SUimed gene e[SUeVVion VWaWe haYe an incUeaVed likelihood, bXW noW
ceUWainW\, of VXUYiYing BRAFi/MEKi WUeaWmenW. ThiV iV VWaWed in Whe We[W aV folloZV:

³ThXV, Ze demonVWUaWed WhaW Whe maUkeU gene NT5E caSWXUeV Whe enWiUe clXVWeU of WUanVcUiSWionall\
VimilaU cellV and WhaW WheVe cellV aUe indeed moUe likel\ Wo be UeViVWanW Wo WaUgeWed WheUaS\.´

RegaUding Whe UeYieZeU'V VXggeVWion Wo claVVif\ cellV XVing Whe dUXg UeVSonVe in a VSliW of cloneV, Ze
acknoZledge Whe meUiWV of doing WhiV, bXW did noW inclXde iW in oXU e[SeUimenWal deVign aV iW ZoXld haYe
made oXU inWeUSUeWaWion of Whe VWaWe-VZiWching daWa moUe challenging. SSecificall\, if Ze XVe a VSliW of oXU
cloneV foU dUXg WUeaWmenW, Ze ZoXld haYe feZeU cellV fUom each lineage caSWXUed in Whe VcRNA-VeT.
ThiV ZoXld make iW moUe difficXlW Wo accXUaWel\ knoZ Zhich lineageV VZiWched VWaWeV and Zhich did noW.
ThXV, foU Whe goal of caSWXUing VWaWe-VZiWching and memoU\, Ze did noW inclXde a VSliW of cloneV WUeaWed
ZiWh dUXg. RaWheU, Ze idenWified VSecific maUkeUV of WheVe VWaWeV and XVed VoUWing and dUXg WUeaWmenW Wo
YalidaWe Whe UeVXlWV (Fig. 1E and SXSS. Fig. 2A, B).

The VWaWe-VZiWch modelV XVed WhUoXghoXW aUe Ueall\ XVefXl. HoZeYeU, Whe fiUVW inWUodXcWion Wo Whem iV a biW
confXVing (comSaUed ZiWh WheiU laWeU imSlemenWaWion in lineV 372-395, ZheUe Whe\ aUe moUe cleaUl\ e[Slained).
AV an e[amSle, in line 184, UighW afWeU diVcXVVing Whe diffeUenWial e[S anal\ViV, Whe UeadeU iV obliged Wo
UemembeU ZhaW ³fUom WhiV daWa´ meanV. And iW doeVn¶W acWXall\ mean Whe diffeUenWial e[SUeVVion anal\ViV
diVcXVVed in lineV 180-183 (jXVW befoUe), iW acWXall\ meanV Whe clonal daWa anal\ViV fUom lineV 171-179, oU doeV
iW? ThiV iV confXVing Wo me.

We Whank Whe UeYieZeU foU SoinWing oXW WhiV confXVion in Whe We[W. We haYe UeYiVed WhiV line Wo cleaUl\
VWaWe ZhaW daWa Ze XVe in Whe anal\ViV. ThiV line noZ UeadV aV:

³To deUiYe Whe UaWeV of SUolifeUaWion and VWaWe VZiWching fUom Whe SaiUed VcRNAVeT and baUcoding daWa,
Ze XVed a VWochaVWic WZo-VWaWe model (SXSS. MeWhodV 1).´

Man\ WeUmV aUe XVed Wo define Whe WUanViWioning dUXg-VXVceSWible cellV. InWeUmediaWe VWaWe, inWeUmediaWe cellV,
cUoVVing-lineage. Some Xnified WeUmV ZoXld helS in XndeUVWanding ZhaW iV being diVcXVVed. In line 211, iW iV
Vaid WhaW Whe ³inWeUmediaWe cellV´ ZoXld haYe noW been idenWified XVing VWandaUd VcRNAVeT WechniTXeV. Some
eYidence of WhiV ZoXld be helSfXl Wo VWUengWhen WhiV VWaWemenW (foU inVWance, VXbclXVWeUing, PCA and
UeclXVWeUing anal\ViV of Whe dUXg-VXVceSWible clXVWeUV), eVSeciall\ Vince 575 geneV aUe diffeUenWiall\ e[SUeVVed
beWZeen WheVe and non-WUanViWioning dUXg-VXVceSWible cellV.

We agUee ZiWh Whe UeYieZeU WhaW Xnified WeUminolog\ ZoXld enhance Whe claUiW\ of Whe SaSeU. We haYe
added We[W Wo moUe cleaUl\ e[Slain WhaW cUoVVing lineageV aUe lineageV WhaW aUe knoZn Wo change VWaWeV
and WhaW WheVe lineageV ZeUe XVed Wo idenWif\ a gene liVW. ThiV gene liVW ZaV When XVed Wo cUeaWe an
³inWeUmediaWe VWaWe VcoUe´ Wo deWeUmine Zhich cellV e[SUeVV Whe moVW imSoUWanW geneV foU VWaWe
VZiWching. The cellV ZiWh Whe higheVW inWeUmediaWe VWaWe VcoUe aUe called inWeUmediaWe VWaWe cellV. We
added neZ We[W Wo cleaUl\ e[Slain WhaW inWeUmediaWe VWaWe cellV aUe defined aV cellV WhaW VcoUe highl\ ZiWh
Whe inWeUmediaWe VWaWe VcoUe. ThiV iV VWaWed in Whe We[W aV folloZV:



³We VeW a WhUeVhold on WhiV VcoUe and claVVified Whe high-VcoUing cellV aV ³inWeUmediaWe VWaWe cellV'' (Fig.
3F).´

AV VXggeVWed b\ Whe UeYieZeU, Ze SeUfoUmed addiWional anal\VeV Wo VWUengWhen Whe VWaWemenW WhaW
³inWeUmediaWe VWaWe cellV´ ZoXld noW haYe been idenWified ZiWh VWandaUd VcRNA-VeT anal\ViV WechniTXeV.
FiUVW, Ze demonVWUaWe WhaW emSlo\ing mXlWiSle YiVXali]aWion WechniTXeV doeV noW UeYeal a diVceUnible
meWhod foU delineaWing inWeUmediaWe cellV XVing WhUeVholdV in 2D VSace (SXSS. Fig. 1F, G). FXUWheUmoUe,
Ze Ueanal\]ed dUXg-VXVceSWible cellV e[clXViYel\ and foXnd WhaW inWeUmediaWe cellV neiWheU clXVWeU
XnifoUml\ in 2D UMAP VSace noU occXS\ Whe Vame LoXYain clXVWeU (Vee beloZ). ThiV XndeUVcoUeV Whe
XWiliW\ of leYeUaging lineage infoUmaWion Wo deWecW cellV in Whe inWeUmediaWe VWaWe.

FLJXUH: AQDO\VLV RI RQO\ WKH GUXJ-VXVFHSWLEOH FHOOV IURP WKH VLQJOH FHOO GDWD LQ ILJXUH 1F. The left plot shows cells in
UMAP space labeled by their Louvain cluster. The right plot shows the same UMAP plot as the left but labels the
intermediate cells in purple.

DeWeUmining Whe iniWial cell VWaWe of Whe labeled cloneV b\ VoUW-enUichmenW iV SUobabl\ inVXfficienW and Vingle-cell
RNAVeT + clone VSliWWing (aV in FigXUe 5) ZoXld haYe been a beWWeU Za\ of defining Whe iniWial VWaWeV of cellV and
WheiU faWe-VZiWching. InVWead, WZo diffeUenW SoSXlaWionV ZeUe VoUWed and VeSaUaWel\ cXlWXUed and SUofiled Vome
Wime afWeU baUcode labeling. BXW ZhaW ZeUe WheVe SoSXlaWionV Ueall\ iniWiall\ (befoUe Vo man\ doXblingV)? If one
SoSXlaWion ZaV SUimed-enUiched and Whe oWheU one conWainV a mi[ of boWh VXVceSWible and SUimed-UeViVWanW
VWaWeV, When Whe oUigin of Whe bi-VWaWe cloneV coXld be miVinWeUSUeWed. AlVo, Whe label on Fig 1C VeemV
miVleading, becaXVe iW VXggeVWV WhaW dUXg-VXVceSWible cellV ZeUe VoUW-enUiched, and noW a ³mi[ed SoSXlaWion´
aV VWaWed in boWh Whe figXUe legend and We[W. The VZiWching fUom SUimed-Wo-VXVceSWible iV cleaU, bXW Whe VZiWch
fUom VXVceSWible-Wo-SUimed iV noW aV cleaU Wo me if Whe VoUWed cellV ZeUe noW UelaWiYel\ SXUe aW VWaUWing SoinW. If
WhiV iV all an iVVXe of AXL/NGFR/EGFR e[SUeVVion heWeUogeneiW\, When SeUhaSV NT5E coXld be XVed Wo SXUif\
Whe VXVceSWible cellV mXch beWWeU?

JXVWificaWion foU VoUWing: OYeUall, VoUWing haV limiWaWionV, bXW giYen Whe effecW Vi]eV in oXU daWa, Ze can
UXle oXW Whe SoVVibiliW\ WhaW Whe obVeUYed VWaWe-VZiWching lineageV aUe deUiYed fUom conWaminaWion.

The UeYieZeU iV VSecificall\ conceUned WhaW dUXg-VXVcepWible cellV do noW VZiWch inWo Whe pUimed
VWaWe. If WhiV iV WUXe, Whe onl\ e[SlanaWion foU lineageV WhaW conWain cellV in boWh VWaWeV ZoXld be WhaW Whe\
aUiVe fUom SUimed cellV WhaW aUe in Whe mi[ed VamSle. BaVed on oXU VcRNA-VeT, Whe SUimed cell VWaWe
makeV XS 8% of Whe mi[ed SoSXlaWion. If SUimed cellV ZeUe Whe VoXUce of all lineageV WhaW conWain boWh
VWaWeV, Whe ma[imXm nXmbeU of cUoVVing lineageV WhaW Ze coXld Vee ZoXld be 8%. HoZeYeU, oXU daWa
VhoZV 21% of lineageV fUom Whe mi[ed VamSle conViVW of cellV in boWh VWaWeV. ThXV, Vome SoUWion of
WheVe lineageV mXVW haYe VWaUWed fUom a cell in dUXg-VXVceSWible VWaWe, WheUeb\ demonVWUaWing WhaW
dUXg-VXVcepWible cellV can VZiWch inWo Whe pUimed VWaWe.

FXUWheUmoUe, Whe mi[ed VamSle alVo conWainV 7% of lineageV WhaW aUe enWiUel\ SUimed. ThiV nXmbeU iV
conViVWenW ZiWh 8% of lineageV VWaUWing ZiWh a SUimed cell and man\ of Whem Uemaining enWiUel\ SUimed.



TheUefoUe, Whe 21% of lineageV conWaining boWh VWaWeV deVcUibed aboYe mXVW SUedominanWl\ oUiginaWe
fUom cellV in Whe dUXg-VXVceSWible VWaWe.

The UeYieZeU iV alVo conceUned aboXW oXU choice Wo deUiYe a mi[ed VamSle. We did noW VoUW WhiV VamSle
becaXVe Whe e[SecWed SeUcenWage of SUimed cellV iV UelaWiYel\ loZ, SaUWicXlaUl\ comSaUed Wo Whe
e[SecWed SXUiW\ on Whe VoUWeU. GiYen Whe logic aboYe, Ze knoZ WhaW dUXg-VXVceSWible cellV mXVW be
geneUaWing cUoVVing lineageV.

We alVo haYe e[SeUimenWal YalidaWion of Whe dUXg-VXVceSWible Wo SUimed VWaWe VZiWching in oXU SUioU ZoUk
XVing NGFR-UeSoUWeUV WhaW diUecWl\ VhoZ VZiWching (Vee fXUWheU diVcXVVion of WhiV in Whe ne[W commenW
UegaUding Whe bi-SoWenW clone h\SoWheViV) (ShaffeU eW al. 2020).

While iW mighW be SoVVible Wo SUoYide a moUe SXUe iVolaWion of Whe dUXg-VXVceSWible cellV, Ze anWiciSaWe
WhaW WhiV ZoXld noW change Whe claimV oU inWeUSUeWaWion of Whe UeVXlWV. SSecificall\, iW ZoXld noW change
oXU claim WhaW cellV can VZiWch fUom Whe dUXg-VXVceSWible Wo SUimed VWaWe oU Whe idenWificaWion of Whe
inWeUmediaWe cell VWaWe XVing lineageV.

The UeYieZeU alVo bUingV XS Whe folloZing commenW (VhoZn aboYe aV Zell):

If one SoSXlaWion ZaV SUimed-enUiched and Whe oWheU one conWainV a mi[ of boWh VXVceSWible and
SUimed-UeViVWanW VWaWeV, When Whe oUigin of Whe bi-VWaWe cloneV coXld be miVinWeUSUeWed.

AV deVcUibed aboYe, Whe VWaWe-VZiWching Shenomenon cannoW be e[Slained b\ imSXUiWieV giYen WhaW Whe
mi[ed lineageV aUe aW a higheU fUeTXenc\ Whan an\ SoVVible imSXUiWieV. ThXV, iW iV noW SoVVible WhaW Whe
VWaWe-VZiWching Shenomenon comeV fUom imSXUiWieV. The UeYieZeU iV alVo conceUned WhaW Whe
inWeUmediaWe cell VWaWe UeSUeVenWV a bi-VWaWe clone. ThiV inWeUmediaWe cell VWaWe iV SUeVenW in 2% of cellV
acUoVV Whe enWiUe daWaVeW. ThXV, if onl\ 2% of cellV coXld geneUaWe boWh VWaWeV, Ze VhoXld Vee onl\ 2%
of lineageV ZiWh mi[ed VWaWeV. HoZeYeU, oXU daWa VhoZV 18% of lineageV conWain mi[ed VWaWeV (29% of
WheVe in Whe SUime-enUiched VamSle and 71% in Whe mi[ed VamSle), WhXV mi[ed lineageV occXU aW a
VignificanWl\ higheU fUeTXenc\ Whan Whe inWeUmediaWe cell VWaWe, WheUeb\ UXling oXW Whe SoVVibiliW\ WhaW
WheVe inWeUmediaWe cellV aUe Whe VoXUce of Whe mi[ed lineageV.

The UeYieZeU iV coUUecW aboXW Whe label in Fig. 1C and WhiV haV been fi[ed in Whe manXVcUiSW.

MoUe ZoUU\ingl\, EGFR, and eVSeciall\ AXL, e[SUeVVion Veem Wo be VlighWl\ enUiched SaUWiall\ in Whe boWWom
UighW of Whe VXVceSWible clXVWeUV, YeU\ cloVe Wo Whe locaWion of Vome of Whe inWeUmediaWe/VZiWching VWaWeV. In facW,
in SXSS FigXUe 1B, iW VeemV WhaW WhoVe inWeUmediaWe VWaWeV aUe eYen enUiched in Whe EGFR/NGFRhigh VamSle,
WhoXgh ma\be a biW hidden b\ Whe la\eUing. IW ZoXld be gUeaW Wo YiVXali]e Whe coloUV ZiWh Vome WUanVSaUenc\, oU
geneUaWe VeSaUaWe SloWV/TXanWificaWionV of clXVWeU enUichmenW foU each VamSle Wo imSUoYe YiVXali]aWion. ThiV all
VXggeVWV WhaW SeUhaSV ³inWeUmediaWe VWaWe´ aUe acWXall\ deWeUminiVWic, heUiWable, clonall\-imSUinWed bi-SoWenW
VWaWeV, cloVeU Wo Whe dUXg-VXVceSWible Uegion, WhaW aUe deWeUminiVWicall\ giYing UiVe Wo boWh VXVceSWible and
SUimed VWaWeV oYeU Wime. ThiV coXld be eVSeciall\ conceUning if WhiV SoSXlaWion iV SUeVenW in boWh of Whe VoUWed
VamSleV.

The UeYieZeU accXUaWel\ noWeV WhaW EGFR and AXL aUe VlighWl\ XSUegXlaWed in Whe inWeUmediaWe VWaWe.
We VXUmiVe WhaW WhiV occXUV becaXVe WheVe WUanViWioning cellV haYe noW \eW fXll\ gained EGFR/AXL
e[SUeVVion Zhen VZiWching Wo Whe SUimed VWaWe oU haYe noW enWiUel\ loVW e[SUeVVion of EGFR/AXL Zhen
VZiWching Wo Whe dUXg-VXVceSWible VWaWe. HoZeYeU, Whe enUichmenW of VoUWed SUimed cellV in WhiV Uegion iV
likel\ dXe Wo Whe facW WhaW dXUing Whe e[SanVion of lineageV foU a4 doXblingV Ze aUe Veeing cellV in Whe
eaUl\ VWageV of cellV VZiWching fUom Whe SUimed VWaWe Wo Whe dUXg-VXVceSWible VWaWe, and noW dXe Wo
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conWaminaWion in Whe VoUW. We do noW belieYe iW iV dXe Wo Whe VoUW iVolaWing inWeUmediaWe cellV accidenWall\
aV Ze VoUWed Whe WoS 0.2% of NGFR/EGFR e[SUeVVing cellV in Whe e[SeUimenW and if Ze look foU Whe WoS
0.2% of NGFR EGFR e[SUeVVing cellV in oXU VcRNA-VeT mi[ed cell SoSXlaWion Ze Vee WhaW none of
Whem aUe in Whe inWeUmediaWe VWaWe. ThiV VXggeVWV WhaW Ze aUe noW accidenWall\ enUiching foU man\
inWeUmediaWe cellV dXUing oXU VoUW, and UXleV Whem oXW aV Whe oUigin of cUoVVing lineageV.

The UeYieZeU haV SoinWed oXW WhaW EGFR and AXL e[SUeVVion iV obVeUYed aW a loZ Wo inWeUmediaWe leYel
in Whe boWWom of Whe clXVWeU conWaining dUXg-VXVceSWible cellV. The\ SUoSoVe a h\poWheViV WhaW WheVe
cellV UepUeVenW a bipoWenW VWem cell WhaW iV able Wo geneUaWe boWh Whe dUXg-VXVcepWible and
pUimed VWaWe. FUom boWh oXU e[SeUimenWal daWa in WhiV SaSeU and SUioU ZoUk, Ze can dUaZ fUom mXlWiSle
lineV of eYidence Wo UXle oXW WhiV SoVVible model:

1. The nXmbeU of inWeUmediaWe cellV iV Woo loZ Wo e[plain VWaWe VZiWching. The VWUongeVW line
of eYidence in oXU daWa iV Whe fUeTXenc\ of WheVe inWeUmediaWe cellV. In oXU VcRNA-VeT daWa, Whe\
UeSUeVenW aboXW 2% of cellV aW moVW. The UeYieZeU iV SUoSoVing WhaW WheVe cellV ZeUe in boWh
VamSleV XVed foU oXU e[SeUimenWV. HoZeYeU, eYen if WhiV SoSXlaWion ZaV in boWh VamSleV, Ze
caSWXUe a mXch laUgeU SeUcenWage, 18% (20% if onl\ looking aW Whe mi[ed VamSle), of lineageV
WhaW VZiWch VWaWeV oYeUall. ThXV, Whe fUeTXenc\ of Whe inWeUmediaWe VWaWe iV faU Woo loZ Wo e[Slain
Whe nXmbeU of lineageV WhaW haYe VZiWched VWaWeV.

2. Clonal dilXWionV geneUaWe boWh VWaWeV in all cloneV. In oXU SUeYioXV ZoUk (ShaffeU eW al. 2017,
2020), Ze iVolaWed Vingle cellV and alloZed Whem Wo e[Sand Wo geneUaWe clonall\ deUiYed lineV. In
WheVe clonall\ deUiYed lineV, Ze find WhaW all cloneV conWain cellV in boWh Whe SUimed and
dUXg-VXVceSWible cell VWaWeV. If WheUe ZaV a bi-SoWenW SUogeniWoU cell, When onl\ Whe cloneV deUiYed
fUom WhiV bi-SoWenW SUogeniWoU ZoXld conWain boWh cell VWaWeV (and WheVe ZoXld be aW a loZeU
fUeTXenc\ in Whe daWa (2%) if baVed on Whe inWeUmediaWe VWaWe).

3. DiUecW obVeUYaWion of VWaWe VZiWching b\ Wime-lapVe micUoVcop\. In oXU SUeYioXV ZoUk
(ShaffeU eW al. 2020), Ze Wagged Whe endogenoXV locXV of Whe NGFR gene Wo geneUaWe a
flXoUeVcenW UeSoUWeU of Whe SUimed cell VWaWe. We When SeUfoUmed Wime-laSVe imaging of WheVe
cellV. We obVeUYed WhaW cellV flXcWXaWe fUom a VWaWe ZheUe Whe\ do noW e[SUeVV NGFR inWo a VWaWe
ZiWh high leYelV of NGFR e[SUeVVion and When back inWo a VWaWe ZheUe Whe\ do noW e[SUeVV
NGFR. If Whe inWeUmediaWe cellV ZeUe Whe VoXUce of SUimed cellV, Ze ZoXld e[SecW Wo Vee cellV
ZiWh a mediXm leYel of NGFR e[SUeVVion WhaW geneUaWe cellV ZiWhoXW NGFR e[SUeVVion oU ZiWh
high NGFR, noW Whe on-off ShenoW\Se Ze obVeUYe in Wime-laSVe imaging.

To emShaVi]e WhiV SUioU ZoUk and WhaW VWaWe VZiWching haV been SUeYioXVl\ VhoZn, Ze added an
addiWional line Wo Whe We[W:

³BaVed on oXU SUeYioXV ZoUk, Ze knoZ WhaW boWh Whe dUXg-VXVceSWible and SUimed VWaWeV e[iVW in
XnWUeaWed melanoma cellV and WhaW cellV can flXcWXaWe beWZeen WheVe VWaWeV (ShaffeU eW al. 2020).´

We haYe alVo imSlemenWed Whe UeYieZeU¶V YiVXali]aWion VXggeVWionV foU SXSS. Fig. 1B, and iW can alVo
be Veen beloZ.
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SXSSOHPHQWDU\ FLJXUH 1B: VFRNA-VHT GDWD ZLWK FHOOV ODEHOHG E\ WKHLU VDPSOH LQ WKH H[SHULPHQWDO GHVLJQ. Cells in
blue are the cells in the mixed sample and cells in red are sorted primed cells based on the markers NGFR and EGFR.

Do inWeUmediaWe cellV SUedicWabl\ become dUXg UeViVWanW ZiWh a higheU UaWe Whan non-inWeUmediaWe
dUXg-VXVceSWible cellV? IVolaWing WheVe cellV ZoXld be Ueall\ imSoUWanW Wo YalidaWe WheVe UeVXlWV. PeUhaSV, if I am
coUUecW, When NT5EloZ AXL/EGFR+ cellV ZoXld be a UeaVonable VXggeVWion Wo enUich Whem, Vince iW aSSeaUV
WhaW AXL/EGFR aUe high aW leaVW in Vome UegionV of Whe inWeUmediaWe VWaWe, and NT5E iV Volel\ e[SUeVVed aW
high leYelV in Whe SUimed clXVWeUV.

FUom oXU Vingle-cell RNA VeTXencing daWa, Ze can Vee WhaW 41% of cellV in Whe inWeUmediaWe VWaWe aUe in
lineageV WhaW VZiWched VWaWe (UelaWiYe Wo 29% and 17% foU dUXg-VXVceSWible and SUimed lineageV
UeVSecWiYel\) VXggeVWing WhaW WheVe cellV aUe indeed mXch moUe likel\ Wo VZiWch VWaWeV. We agUee ZiWh
Whe UeYieZeU WhaW iVolaWing Whe inWeUmediaWe cellV ZoXld be ideal. We VSenW a VignificanW amoXnW of Wime
and UeVoXUceV WU\ing Wo iVolaWe WheVe cellV XVing mXlWiSle maUkeUV (inclXding RAMP1, NTM, THBS1,
ANXA1, ALCAM, and ITGB5). HoZeYeU, Ze VWUXggled Wo YalidaWe anWibodieV foU an\ of WheVe maUkeUV
becaXVe eiWheU Whe anWibod\ ZaV noW VSecific oU Whe anWibod\ didn¶W Ueall\ VWain a VignificanW SoSXlaWion of
cellV.

HeUe, Whe UeYieZeU SUoSoVeV a combinaWion of maUkeUV conViVWing of NT5E and AXL oU EGFR. TU\ing Wo
XVe a combinaWion of cell VXUface maUkeUV iV a good idea, hoZeYeU, iW iV noW SoVVible Vince Whe
intermediate cells are not N85E low, and are not high for other markers such as A<L, NGFR, and EGFR.
Scatter plots of the expression of these markers in cells (based on our scRNA-seq data) show that there is
no clear gating strategy to isolate intermediate cells based on these markers.

FLJXUH: SFDWWHU SORWV RI WKH H[SUHVVLRQ OHYHOV RI WKH VSHFLILHG JHQHV WR HPXODWH ZKHUH GUXJ-VXVFHSWLEOH,
LQWHUPHGLDWH, DQG SULPHG FHOOV ZRXOG DSSHDU RQ D SORW GXULQJ VRUWLQJ. Intermediate cells are labeled by purple dots
and are not a clearly identifiable population using these markers.

IV WheUe a conWinXoXV WUajecWoU\ of gene e[SUeVVion VWaWe changeV WhUoXghoXW inWeUmediaWe cellV WhaW leadV Wo
SUimed cellV? OU do Whe aXWhoUV VXSSoUW Whe idea WhaW WhiV iV UaWheU a VWochaVWic gene e[SUeVVion VWaWe
connecWed Wo a higheU SUobabiliW\ of WUanViWion Wo Whe UeViVWance-SUimed VWaWe?

The WUanViWionV beWZeen VWaWeV aUe conWinXoXV foU man\ of Whe maUkeU geneV. ThiV conWinXiW\ can be
Veen if Ze look aW Whe e[SUeVVion leYelV of geneV acUoVV Whe dUXg-VXVceSWible, inWeUmediaWe, and SUimed



VWaWeV (Vee SloW beloZ). FXUWheUmoUe, Whe heaW maS in Fig. 3J SUoYideV inVighW inWo Whe conWinXoXV naWXUe
of WheVe gene e[SUeVVion VWaWeV. We alVo obVeUYe geneV XniTXel\ XSUegXlaWed in Whe inWeUmediaWe cell
VWaWeV, VXch aV NFATC2 and MGP.

FLJXUH: BR[ SORW RI WKH VSHFLILHG JHQHV VKRZLQJ WKHLU H[SUHVVLRQ OHYHO LQ HDFK FHOO VWDWH. This plot shows that most
genes have an intermediate level of gene expression in the intermediate state indicating a continuous transition between
the drug-susceptible and primed states, passing through the intermediate state. Of note, MGP, NFATC2, and CEBPD
show higher expression in the intermediate cell state.

The dUXg-indXced faWe-VZiWching e[SeUimenW in FigXUe 5 iV Ueall\ cool. A Vecond XnWUeaWed VamSle ZoXld haYe
been XVefXl Wo TXanWif\ Whe baVeline UaWe of lineage conYeUVion of WhoVe cloneV. Ma\be Whe TGFBRi-WUeaWed
VamSle VeUYeV WhaW SXUSoVe Wo Vome e[WenW, Vince WheUe VeemV Wo be liWWle Wo no effecW ZiWh WhiV comSoXnd.

We agUee ZiWh Whe UeYieZeU WhaW incoUSoUaWing a Vecond XnWUeaWed VamSle coXld haYe been a YalXable
addiWion. OXU e[SeUimenWal deVign omiWWed WhiV VamSle Wo minimi]e Whe nXmbeU of cell diYiVionV, WheUeb\
incUeaVing oXU confidence WhaW Whe majoUiW\ of cellV had noW VZiWched VWaWeV dXUing e[SanVion (SUioU Wo
aSSl\ing Whe diffeUenW dUXgV). NoneWheleVV, Ze agUee WhaW TGFBRi can VeUYe WhiV SXUSoVe Wo a ceUWain
e[WenW and haYe added an addiWional anal\ViV of WhiV daWa. When conVideUing lineageV ZiWh WZo oU moUe
cellV in each condiWion, Ze obVeUYe no VWaWiVWicall\ VignificanW change in Whe fUacWion of SUimed cellV
Zhen comSaUing XnWUeaWed and TGFBRi WUeaWed cellV. In conWUaVW, TGFB1 indXceV a VWaWiVWicall\
VignificanW incUeaVe, and PI3Ki leadV Wo a VWaWiVWicall\ VignificanW decUeaVe in Whe fUacWion of SUimed cellV
(SXSS. Fig. 6G (beloZ)).



SXSSOHPHQWDU\ FLJXUH 6G: BR[ SORW RI WKH IUDFWLRQ RI SULPHG FHOOV LQ OLQHDJHV LQ HDFK FRQGLWLRQ. By including all the
lineages we show a statistically significant increase in the proportion of primed cells with TGFB1 treatment and a
statistically significant decrease in the proportion of primed cells with PI3Ki treatment.

In Whe clone-VSliWWing e[SeUimenW, noZ, foU Whe fiUVW Wime I find Whe moVW conYincing daWa UegaUding Whe
SUimed-Wo-VXVceSWible VZiWch. CleaUl\ WhiV iV onl\ occXUUing foU a handfXl of cloneV heUe, Vo iW¶V difficXlW Wo
aVVeVV« hoZeYeU iV iW SoVVible Wo comSaUe WhiV daWa ZiWh Whe biSoWenW faWe daWa fUom figXUe 2 and Vee Whe
diffeUenceV? I feaU WhaW clonall\ imSUinWed AXL/EGFRmid/+ VWaWeV ZiWhin Whe NT5E-loZ VXbSoSXlaWion of
VXVceSWible cellV mighW be aW Whe oUigin of Whe biSoWenW behaYioUV obVeUYed, heUe idenWified aV ³inWeUmediaWe
VWaWeV´. ThiV alWeUnaWiYe inWeUSUeWaWion needV Wo be challenged SUoSeUl\. Do VZiWching cellV eYeU SUodXce SUoSeU
dUXg-VXVceSWible cellV WhaW aUe indiVWingXiVhable fUom non-VZiWching cellV?

We agUee ZiWh Whe UeYieZeU WhaW Whe clone-VSliWWing e[SeUimenW SUoYideV VWUong confiUmaWion of cellV
VZiWching beWZeen Whe SUimed and VXVceSWible VWaWeV. AV Whe UeYieZeU aVWXWel\ SoinWV oXW, Ze onl\
obVeUYe a Vmall nXmbeU of cloneV WhaW VWaUW fXll\ SUimed, UeflecWing WheiU loZ fUeTXenc\ in Whe SoSXlaWion.
We emShaVi]e Whe anal\ViV of lineageV WhaW begin enWiUel\ in one VWaWe becaXVe VWaWe VZiWching iV Whe
onl\ mechaniVm b\ Zhich WheVe lineageV can change WheiU SUoSoUWion of SUimed cellV (and noW WhUoXgh
changeV in deaWh oU SUolifeUaWion UaWeV of eiWheU VWaWe).

We ne[W XVed a model Wo gain fXUWheU confiUmaWion of Whe VWaWe-VZiWching mechaniVm. To leYeUage all of
Whe lineage daWa (noW jXVW Whe lineageV WhaW VWaUW ZiWh cellV WhaW aUe enWiUel\ in Whe dUXg-VXVceSWible oU
SUimed VWaWe), Ze bXilW a model conViVWing of VWaWe VZiWching, gUoZWh, and deaWh SaUameWeUV foU a moUe
UobXVW anal\ViV. ThiV model cleaUl\ idenWified VWaWe VZiWching aV Whe caXVe of changeV in Whe SUoSoUWion
of SUimed cellV. Since WhiV daWa makeV XV confidenW WhaW VWaWe VZiWching caXVeV Whe changeV in Whe
SUoSoUWion of SUimed cellV, Ze can noZ comSaUe Whe fUacWion of SUimed cellV foU all Whe lineageV in each
condiWion (inVWead of limiWing Whe anal\ViV Wo lineageV WhaW VWaUWed SXUel\ in one VWaWe aV befoUe). B\
looking aW all Whe lineageV WhiV Za\ Ze can cleaUl\ Vee WhaW WheUe iV a VignificanW UedXcWion in Whe
SUoSoUWion of SUimed cellV Zhen Whe\ aUe WUeaWed ZiWh PI3Ki (SXSS. Fig. 6G (Veen aboYe)). In facW,
WUeaWmenW ZiWh PI3Ki caXVeV a UedXcWion in Whe fUacWion of SUimed cellV foU 93% of lineageV, indicaWing
WhaW WhiV UeVSonVe iV noW haSSening onl\ in a feZ cloneV, bXW UaWheU WhaW iW iV haSSening foU neaUl\ all of
Whem. We haYe claUified WhiV in Whe We[W b\ Va\ing Whe folloZing:

³Of noWe, 2 lineageV did noW UeVSond Wo Whe PI3K. HoZeYeU, b\ anal\]ing all lineageV, Ze find WhaW 93%
of lineageV UedXce WheiU fUacWion of SUimed VWaWe cellV Zhen WUeaWed ZiWh PI3Ki (SXSS. Fig. 6G).´

The UeYieZeU alVo aVkV aboXW biSoWenW behaYioUV in WhiV commenW:



I feaU WhaW clonall\ imSUinWed AXL/EGFRmid/+ VWaWeV ZiWhin Whe NT5E-loZ VXbSoSXlaWion of VXVceSWible cellV
mighW be aW Whe oUigin of Whe biSoWenW behaYioUV obVeUYed, heUe idenWified aV ³inWeUmediaWe VWaWeV´.

See Whe fXll diVcXVVion aboYe UegaUding Whe bi-SoWenW VWem cell h\SoWheViV. We can UXle oXW WhiV
SoVVibiliW\ ZiWh mXlWiSle lineV of eYidence: 1. Whe fUeTXenc\ of VZiWching lineageV comSaUed Wo Whe
inWeUmediaWe VWaWeV, 2. UeSoUWeU cell lineV VhoZing bi-diUecWional VZiWching, 3. clonal iVolaWeV WhaW aUe
caSable of SUodXcing each cell VWaWe. TogeWheU, WheVe e[SeUimenWV UXle oXW Whe SoVVibiliW\ of a
loZ-fUeTXenc\ bi-SoWenW VWaWe dUiYing Whe Shenomenon. FXUWheUmoUe, Ze VhoZ in Whe SloWV aboYe WhaW
EGFR/NT5E combinaWionV do noW VSecificall\ highlighW Whe inWeUmediaWe cell VWaWeV.

The UeYieZeU aVkV aboXW VZiWching cellV and hoZ Whe\ comSaUe Wo Whe oWheU cell VWaWeV in WhiV commenW:
Do VZiWching cellV eYeU SUodXce SUoSeU dUXg-VXVceSWible cellV WhaW aUe indiVWingXiVhable fUom non-VZiWching
cellV?

In Whe daWa, Ze find WhaW Whe cellV in lineageV WhaW VZiWch VWaWeV aUe indeed indiVWingXiVhable fUom
lineageV WhaW mainWain WheiU VWaWe. The eYidence VXSSoUWing WhaW VZiWching cellV aUe indiVWingXiVhable iV
WhaW cellV in VWaWe-VZiWching lineageV aSSeaU in all LoXYain clXVWeUV, indicaWing WhaW Whe\ adoSW all Whe
VXb-VWaWeV ZiWhin Whe dUXg-VXVceSWible and SUimed VWaWeV, UaWheU Whan being UeVWUicWed Wo a XniTXe VWaWe
(Vee figXUe beloZ).

To demonVWUaWe WhaW Whe dUXg-VXVceSWible cellV SUodXced b\ PI3Ki WUeaWmenW aUe noW VignificanWl\
diffeUenW fUom naWXUall\ occXUUing dUXg-VXVceSWible cellV, Ze SUeVenW a heaW maS (Fig. 5F) indicaWing no
noWable diffeUenceV beWZeen XnWUeaWed and PI3Ki-WUeaWed dUXg-VXVceSWible cellV. To fXUWheU inYeVWigaWe
SoWenWial diffeUenceV, Ze condXcWed diffeUenWial gene e[SUeVVion anal\ViV comSaUing PI3Ki-WUeaWed cellV
in fXll\ dUXg-VXVceSWible lineageV fUom Whe conWUol gUoXS Wo PI3Ki-WUeaWed cellV in lineageV ZiWh UedXced
SUoSoUWionV of SUimed cellV UelaWiYe Wo Whe conWUol gUoXS. ThiV anal\ViV aimed Wo idenWif\ an\ gene
e[SUeVVion diVSaUiWieV beWZeen cellV WhaW became dUXg-VXVceSWible dXe Wo PI3Ki WUeaWmenW and WhoVe
WhaW ZeUe alZa\V dUXg-VXVceSWible.

OXU findingV UeYealed WhaW onl\ WZo geneV, SERPINE2 and S100A6, e[hibiWed VlighW XSUegXlaWion in
cellV WUanViWioning Wo dUXg VXVceSWibiliW\. InWeUeVWingl\, WheVe WZo geneV aUe highl\ XSUegXlaWed in Whe
SUimed VWaWe. AV nXmeUoXV cellV WhaW VZiWched VWaWeV e[SUeVV WheVe geneV aW VimilaUl\ loZ leYelV aV
cellV WhaW Uemained dUXg-VXVceSWible, WhiV minoU diffeUence deWecWed iV likel\ aWWUibXWed Wo Whe facW WhaW Ze
caSWXUed Vome cellV WhaW had noW \eW fXll\ doZnUegXlaWed WheVe geneV. OYeUall, WhiV eYidence VXggeVWV
WhaW Ze can effecWiYel\ conYeUW SUimed cellV inWo dUXg-VXVceSWible cellV WhaW aUe indiVWingXiVhable fUom
dUXg-VXVceSWible cellV WhaW did noW XndeUgo a WUanViWion.

FLJXUH: BDU JUDSK VKRZLQJ WKH QXPEHU RI FHOOV IURP GLIIHUHQW OLQHDJH W\SHV H[LVW LQ HDFK LRXYDLQ FOXVWHU.
Switching lineages are those that contain both drug-susceptible and primed cells, drug-susceptible lineages are those that
contain only drug-susceptible cells, and primed lineages are those that only contain primed cells.

In FigXUe 5G, Whe UeVSonVe of cloneV Wo TGFB1 iV VXSeU heWeUogeneoXV. AUe WheUe an\ (WUanVcUiSWional)
diffeUenceV beWZeen Whe cloneV WhaW ³UeVSond´ Wo TGFB1 and become SUimed and Whe cloneV WhaW do noW? AUe



Whe\ connecWed Wo Whe e[SUeVVion VignaWXUe of Whe inWeUmediaWe VWaWe? IW ZoXld Ueall\ incUeaVe Whe imSacW of Whe
manXVcUiSW if VSecific VignaWXUeV ZiWhin VXVceSWible cellV aUe SUeVenW and SUedicW WheiU TGFB1 UeVSonVe.

The UeYieZeU iV coUUecW WhaW Whe UeVSonVe Wo TGFB1 iV noW Whe Vame acUoVV all lineageV. ThiV YaUiaWion
coXld be aWWUibXWed Wo Vome lineageV UeTXiUing moUe Wime Wo change VWaWeV. NoneWheleVV, Whe UeVSonVe
Wo TGFB1 iV UelaWiYel\ conViVWenW in iWV diUecWionaliW\, aV 75% of lineageV demonVWUaWe an incUeaVe in
WheiU SUoSoUWion of SUimed cellV ZiWhin Whe 5 da\V.

AV Whe UeYieZeU VXggeVWed, Ze SeUfoUmed addiWional anal\ViV on Whe lineageV WhaW did noW UeVSond Wo
TGFB1. B\ comSaUing Whe gene e[SUeVVion of Whe lineageV WhaW did and did noW UeVSond Wo TGFB1, Ze
foXnd no VXbVWanWial gene e[SUeVVion diffeUenceV e[Slaining Whe diffeUenceV in UeVSonVe. Onl\ one gene
ZaV enUiched in non-UeVSonding comSaUed Wo UeVSonding lineageV, Zhich ZaV SH3BGRL3 (Log2 fold
change 0.26).

The modeling of WheVe e[SeUimenWV offeUV Vome addiWional inVighW inWo Whe diffeUenceV beWZeen WheVe
lineageV. SXUSUiVingl\, Ze foXnd WhaW lineageV ZiWh a higheU SUoSoUWion of cellV alUead\ in Whe SUimed
VWaWe ZeUe moUe likel\ Wo UeVSond Wo TGFB1 WUeaWmenW. ThXV, WheUe aSSeaUV Wo be VomeWhing aboXW
WheVe lineageV WhaW makeV Whem moUe likel\ Wo VZiWch VWaWeV, bXW WheVe facWoUV aUe noW caSWXUed in oXU
VcRNA-VeT daWa.

ReYieZeU #2: e[peUWiVe in bioinfoUmaWicV anal\ViV of WUanVcUipWomic daWa
The aXWhoUV idenWif\ a UaUe SoSXlaWion of melanoma cellV Zhich iV SUimed foU UeViVWance Wo WUeaWmenW fUom a
BRAF and MEK inhibiWoU combinaWion. The aXWhoUV chaUacWeUi]e Whe kineWicV of Whe WUanViWion beWZeen Whe
VXVceSWible and UeViVWanW VXbSoSXlaWionV XVing VcMemoU\SeT. The\ alVo idenWif\ ke\ maUkeUV VXch aV NT5E
and Whe EMT-like VWaWe Wo define Whe SUimed VWaWe oU cellV WUanViWioning Wo Whe SUimed VWaWe. The\ go on Wo VhoZ
WhaW inhibiWing PI3K Vignaling and VXSSlemenWing TFGB1 ligand can dUiYe cellV Wo VZiWch Wo VXVceSWible oU
SUimed VWaWeV, UeVSecWiYel\. ConceUnV ZiWh WhiV SaSeU UelaWe Wo Whe VoXndneVV of WheiU conclXVion aboXW cellXlaU
memoU\ Zhich iV cUiWical Wo Whe noYelW\ of Whe ZoUk Vince Whe SUeVence of VXch a SaWhZa\ Wo caXVe UeViVWance Wo
BRAF/MEK inhibiWoU haV been Zell WUodden (SmiWh eW al CanceU Cell 2016), and eYidence WhaW a VXbSoSXlaWion
iV UeVSonVible haV been deVcUibed (Fallahi-Sichani Mol. Bio.S\V 2017). In Whe abVence of conYincing and cleaU
UaWionale foU Whe conceSW of cellXlaU memoU\, iW iV XncleaU ZhaW elVe iV being added heUe in Whe abVence of an\
deeS biological oU ShaUmacologic inYeVWigaWion.

We XndeUVWand Whe conceUnV of Whe UeYieZeU and ZoXld like Wo emShaVi]e Whe eYidence of memoU\ in
WheVe cellV, Whe eVVenWial Uole memoU\ Sla\V in oXU meWhodV, and addUeVV Whe conceUnV aUoXnd Whe
noYelW\ of WheVe SaWhZa\V in Whe conWe[W of melanoma.

FiUVW, Ze ZoXld like Wo highlighW Whe SUoof of memoU\ in WhiV V\VWem, Zhich iV VhoZn b\ mXlWiSle lineV of
eYidence. In Fig. 3A, Ze VhoZ WhaW moVW lineageV mainWain WheiU gene e[SUeVVion VWaWe oYeU Wime ZiWh
YeU\ feZ cellV changing WheiU cell VWaWe. AddiWionall\, in SXSS. Fig. 5B-C, Ze VhoZ WhaW Whe mainWenance
of cellXlaU memoU\ acUoVV cell diYiVionV can be Veen aW Whe ShenoW\Sic leYel. In WheVe e[SeUimenWV, Ze
baUcoded cellV and alloZed Whem Wo go WhUoXgh 7 doXblingV. We When VSliW Whem 4 Za\V and WUeaWed
Whem ZiWh BRAFi/MEKi. We foXnd WhaW Whe Vame lineageV became UeViVWanW in each SlaWe,
demonVWUaWing WhaW WheUe iV memoU\ of Whe UeViVWance ShenoW\Se. ThiV conceSW iV imSoUWanW Wo Whe
diVcoYeUieV in WhiV SaSeU, aV ZiWhoXW cellV mainWaining VWaWeV WhUoXgh cell diYiVionV, Ze ZoXld noW be
able Wo caSWXUe cellV XndeUgoing VWaWe WUanViWionV aV illXVWUaWed in SXSS. Fig. 3E. FXUWheUmoUe, ZiWhoXW



memoU\, Ze ZoXld noW be able Wo SUoYe VWaWe VZiWching in oXU VcMemoU\SeT e[SeUimenW, Zhich aSSlieV
diffeUenW WUeaWmenWV Wo Whe Vame lineageV. ThiV e[SeUimenW UelieV on cellXlaU memoU\ Wo enVXUe WhaW
each lineage, Zhich iV VSliW acUoVV Whe diffeUenW condiWionV, conWainV cellV WhaW aUe in Whe Vame gene
e[SUeVVion and ShenoW\Sic VWaWe.

RegaUding Whe noYelW\ of Whe findingV, Whe UeYieZeU UefeUenceV SaSeUV WhaW aUe cUiWical Wo oXU
XndeUVWanding of melanoma UeViVWance, bXW WheVe SaSeUV addUeVV Whe changeV WhaW occXU in cellV DIWHU
WUeaWmenW ZiWh WaUgeWed WheUaS\. In WhiV manXVcUiSW, Ze focXV on XVing oXU VcMemoU\SeT aSSUoach Wo
VWXd\ Whe heWeUogeneiW\ of cell VWaWeV and cell VWaWe d\namicV EHIRUH WaUgeWed WheUaS\ iV added.
FXUWheU, Ze VhoZ hoZ maniSXlaWing WheVe VWaWeV can lead Wo beWWeU WheUaSeXWic oXWcomeV. Some
liWeUaWXUe haV UeSoUWed Whe effecWV of TGFB1 on incUeaVing dUXg UeViVWance Wo WaUgeWed WheUaS\, bXW Wo
oXU knoZledge, Whe abiliW\ of PI3Ki Wo foUce cellV inWo a moUe dUXg-VXVceSWible VWaWe haV noW been
UeSoUWed in Whe liWeUaWXUe. ThiV highlighWV a noYel aSSUoach Wo WUeaWing canceUV, in Zhich cell VWaWeV aUe
conWUolled befoUe WaUgeWed WheUaS\ Wo achieYe beWWeU WheUaSeXWic oXWcomeV.

MajoU CommenWV

RelaWed Wo Fig. 1E and SXSSlemenWaU\ Fig. 3A-C, Whe aXWhoUV indicaWe WhaW b\ modXlaWing Whe nXmbeU of SUimed
oU VXVceSWible cellV Whe\ can alWeU Whe nXmbeU of eYenWXal UeViVWanW cellV. HoZeYeU, SXSSlemenWaU\ Fig3D
VhoZV WhaW diffeUenW WUeaWmenW VWUaWegieV WeVWed can UeVXlW in diffeUenceV in cell doXblingV; WheVe diffeUenceV
ma\ affecW endSoinW TXanWificaWion of Whe nXmbeU of UeViVWanW cellV and/oU colonieV. The aXWhoUV VhoXld VhoZ
VXSSoUWing SUolifeUaWion and aSoSWoWic daWa of WheiU SUeWUeaWmenW VWUaWegieV oU noUmali]e daWa Wo SUeWUeaWmenW
conWUolV.

The UeYieZeU makeV a YeU\ good SoinW WhaW Ze mXVW accoXnW foU Whe effecWV of diffeUenceV in SUolifeUaWion
oU aSoSWoWic deaWh fUom Whe SUeWUeaWmenW. AV VXggeVWed b\ Whe UeYieZeU, Ze SeUfoUmed addiWional
e[SeUimenWV Wo TXanWif\ Whe effecWV of SUeWUeaWmenW on cell nXmbeU and When noUmali]e oXU daWa baVed
on WheVe effecWV. SSecificall\, Ze UeSeaWed oXU SUeWUeaWmenW e[SeUimenW in Fig. 6A, bXW added addiWional
ZellV WhaW Ze fi[ed afWeU SUeWUeaWmenW. We When TXanWified Whe nXmbeU of cellV in WheVe ZellV and XVed
WhaW nXmbeU Wo noUmali]e Whe nXmbeU of UeViVWanW colonieV, WhXV alloZing XV Wo SUeciVel\ meaVXUe Whe
nXmbeU of UeViVWanW cellV UelaWiYe Wo Whe nXmbeU of cellV aW Whe iniWiaWion of BRAFi/MEKi. We SeUfoUmed
WhiV e[SeUimenW ZiWh 6 Wechnical UeSlicaWeV and 3 biological UeSlicaWeV. WiWh Whe noUmali]ed daWa, Ze find
WhaW TGFB1 incUeaVeV UeViVWance and WhaW PI3Ki decUeaVeV UeViVWance (b\ 36%). ThiV UeVXlW alloZV XV Wo
conclXde WhaW alWhoXgh PI3Ki haV a modeVW effecW on SUolifeUaWion, VWaWe VZiWching Wo Whe
dUXg-VXVceSWible VWaWe b\ PI3Ki iV a laUgeU conWUibXWoU Wo Whe UedXcWion in UeViVWance. We haYe added
WheVe noUmali]ed coXnWV Wo Whe SaSeU (SXSS. Fig. 7C) and Whe\ can alVo be Veen beloZ. We haYe alVo
added WhiV infoUmaWion Wo Whe main We[W b\ Va\ing Whe folloZing:

In UefeUence Wo Whe TGFB1 UeVXlW:
³GiYen Whe SoWenWial foU Whe SUeWUeaWmenW Wime ZindoZ Wo affecW cell gUoZWh, Ze noUmali]ed Whe UeViVWanW
daWa b\ Whe nXmbeU of cellV SUeVenW afWeU SUeWUeaWmenW in each condiWion. WiWh WhiV noUmali]aWion, Ze
foXnd WhaW TGFB1 incUeaVed Whe amoXnW of UeViVWance b\ 2.8 WimeV comSaUed Wo Whe conWUol (SXSS. Fig.
7B, C).´
In UefeUence Wo Whe PI3Ki UeVXlW:
³We ne[W SeUfoUmed Whe Vame noUmali]aWion aV deVcUibed aboYe foU TGFB1. We foXnd WhaW ZiWh WhiV
noUmali]aWion, PI3Ki SUeWUeaWmenW decUeaVed Whe nXmbeU of UeViVWanW cellV b\ 36% (SXSS. Fig. 7B, C).´



SXSSOHPHQWDU\ FLJXUH 7C: BR[ SORWV VKRZLQJ WKH QRUPDOL]HG QXPEHU RI UHVLVWDQW FHOOV DIWHU SUHWUHDWPHQW DQG
BRAFL/MEKL. During pretreatment, cells were either untreated, treated with TGFB1, or treated with PI3Ki. After
pretreatment, we fixed a sample and counted the number of cells in each condition. The other samples were then treated
with BRAFi/MEKi for four weeks. Normalized values are the number of resistant cells divided by the number of initial cells
after the pretreatment. P-values were calculated using a Wilcoxon test. TGFB1 increases resistance and PI3Ki decreases
resistance upon normalizing for the number of cells present after the pretreatment period.

FoU e[amSle in FigXUe 1E, Whe aXWhoUV claim WhaW Whe doVe XVed foU SUeWUeaWmenW ZiWh Whe PI3K inhibiWoU did noW
kill cellV noU did iW imSacW cell SUolifeUaWion; hoZeYeU, in VXSSlemenWaU\ figXUe 3D, SUeWUeaWmenW ZiWh PI3K iV
VhoZn Wo UeVXlW in decUeaVed cell doXblingV. The aXWhoUV VhoXld VhoZ WheiU anal\ViV foU cell SUolifeUaWion and
aSoSWoViV XSon PI3K inhibiWion and VhoZ hoZ Whe\ deUiYed aW WheiU oSWimal concenWUaWion.

The UeYieZeU haV UaiVed a Yalid conceUn UegaUding Whe effecW of PI3Ki on cell SUolifeUaWion. In oUdeU Wo
deWeUmine Whe aSSUoSUiaWe doVe foU WheVe e[SeUimenWV, Ze WeVWed Whe effecWV of a Uange of doVeV of
PI3Ki on SUolifeUaWion and deaWh XVing Wime-laSVe micUoVcoS\ (SXSS. Fig. 4A, B (VhoZn beloZ)). To
meaVXUe cell gUoZWh, Ze coXnWed Whe nXmbeU of nXclei oYeU Wime. To meaVXUe cell deaWh, Ze added a
Ued d\e Wo Whe media, Zhich ZoXld VWain Whe nXclei of cellV ZiWh comSUomiVed membUane inWegUiW\.
BaVed on WhiV daWa, Ze conclXded WhaW Whe 2�M doVe ZoXld haYe minimal effecWV on cell SUolifeUaWion
and deaWh. We haYe added daWa Wo SXSS. Fig. 4A and 4B and XSdaWed Whe We[W ZiWh Whe folloZing
deVcUiSWion of Whe doVe:

³ImSoUWanWl\, Ze VelecWed Whe doVe of 2�M foU Whe PI3Ki aV iW haV minimal effecWV on cell YiabiliW\ and
gUoZWh UaWe and effecWiYel\ blockV PI3K Vignaling (SXSS. Fig. 4A, B, E).´

IW iV ZoUWh noWing WhaW Zhile Whe 2�M doVage of PI3Ki onl\ haV a Vmall effecW on SUolifeUaWion, WhiV
Veemingl\ Vmall change doeV imSacW Whe cell coXnWV afWeU 5 da\V of WUeaWmenW. TheVe effecWV can be
Veen in SXSS. Fig. 7A (SUeYioXVl\ SXSS. Fig. 3D), aV SoinWed oXW b\ Whe UeYieZeU. To accoXnW foU WheVe
diffeUenceV in cell nXmbeUV afWeU PI3Ki foU 5 da\V comSaUed Wo XnWUeaWed cellV, Ze added neZ
e[SeUimenWV in Zhich Ze noUmali]e Whe final nXmbeU of UeViVWanW cellV aV VXggeVWed aboYe (SXSS. Fig.
7C).



SXSSOHPHQWDU\ FLJXUH 4A DQG B: PORWV RI PI3KL GRVH YDOLGDWLRQ. The left plot shows the number of cell doublings over
5 days with different doses of PI3Ki. The right plot shows the doubling of cell death in each condition (doubling is used to
normalize for the amount of death at the initial time point).

The aXWhoUV claim WhaW Whe SUimed and VXVceSWible cell VWaWeV aUe WZo diVcUeWe VWaWeV aV VhoZn in Whe WZo
clXVWeUV Veen in Fig. 1D, hoZeYeU in 5B WheUe doeV noW Veem Wo be a VimilaU diVcUeWi]aWion in Whe XnWUeaWed
cellV. MoUeoYeU, Whe VZiWch beWZeen SUimed and VXVceSWible VeemV Wo be a conWinXoXV Shenomenon eYidenced
b\ Whe diVWUibXWion of NT5E e[SUeVVion in Whe SoSXlaWion aV VhoZn in Fig. 4B and 5B. ThXV iW ZoXld aSSeaU WhaW
cellV aUe XndXlaWing WhUoXgh a conWinXXm inVWead of jXmSing beWZeen diVcUeWe configXUaWionV of WhoVe SaWhZa\V
and WhaW Vome dUXgV aUe alWeUing Whe leYel of WhiV VSecific gene VignaWXUe. CoXld an alWeUnaWiYe model be WhaW
NT5E/EMT leYel in all cellV iV WXUned XS oU doZn b\ TGFB oU PI3K inhibiWion, leading Wo Vome cellV cUoVVing a
WhUeVhold, making iW aSSeaU WhaW WheUe iV a VZiWch in cell VWaWe? WhaW if Whe hiVWogUamV in 4B aUe oYeUlaid, do Whe
dUXgV inhibiW oU enhance leYelV of NT5E in Whe majoUiW\ of cellV (i.e. VhifW in median leYel of NT5E)?

The UeYieZeU SUoSoVeV WhaW Whe SUimed and dUXg-VXVceSWible gene e[SUeVVion VWaWeV aUe acWXall\
conWinXoXV Zhile Ze deVcUibe Whem aV diVcUeWe in Whe manXVcUiSW.

FiUVW, Ze ZoXld like Wo adYiVe Whe UeYieZeU Wo e[eUciVe caXWion Zhen inWeUSUeWing hoZ cellV aSSeaU in
UMAP VSace. AlWhoXgh WheVe YiVXali]aWionV offeU a geneUal VenVe of Whe daWa, WheUe aUe nXmeUoXV
meWhodV foU dimenVionaliW\ UedXcWion, Zhich ma\ \ield diffeUenW UeVXlWV (SXSS. Fig. 1G). FoU WhiV UeaVon,
Ze emSlo\ clXVWeUing in high-dimenVional VSace Wo claVVif\ cellV aV dUXg-VXVceSWible oU SUimed
(VSecificall\, Ze conVideU SUimed cellV Wo be WhoVe in LoXYain clXVWeUV e[SUeVVing mXlWiSle knoZn SUimed
VWaWe maUkeUV). We UefeU Wo Whe V\VWem aV diVcUeWe becaXVe Whe XlWimaWe ShenoW\Se of WheVe cellV iV
binaU\: Whe\ eiWheU VXUYiYe oU die XSon e[SoVXUe Wo WaUgeWed WheUaS\. HoZeYeU, aW Whe gene e[SUeVVion
leYel, Ze do obVeUYe a conWinXoXV dimenVion Wo VWaWe-VZiWching (foU Vome geneV), Zhich helSV XV
idenWif\ Whe inWeUmediaWe VWaWe. ImSoUWanWl\, Zhile WheUe aUe Vome geneV WhaW VhoZ WhiV conWinXoXV
SaWWeUn of e[SUeVVion, WheUe aUe oWheU geneV WhaW aUe VSecific Wo Whe inWeUmediaWe VWaWe (inclXding MGP
and NFATC2) and noW e[SUeVVed in eiWheU Whe dUXg-VXVceSWible oU SUimed.

We agUee ZiWh Whe UeYieZeU WhaW TGFB1 and PI3Ki aUe modXlaWing WheVe cellV acUoVV a conWinXXm.
HoZeYeU, aW a SoinW along WhiV conWinXXm, Whe cellV change VXfficienWl\ WhaW Whe ShenoW\Se indeed
becomeV diffeUenW ± aV VhoZn in oXU dUXg WUeaWmenW daWa Fig. 6B. AW WhiV SoinW, Whe cellV aUe fXncWionall\
diffeUenW and WheUefoUe iW iV aSSUoSUiaWe Wo define Whem aV changing Wo eiWheU a SUimed oU
dUXg-VXVceSWible VWaWe.

AV Whe UeYieZeU VXggeVWed, Ze alVo SeUfoUmed an addiWional anal\ViV Wo meaVXUe Whe VhifW in NT5E
e[SUeVVion XVing floZ c\WomeWU\. We foXnd WhaW TGFB1 incUeaVeV boWh Whe mean and median NT5E
VWaining, Zhile PI3Ki decUeaVeV boWh Whe mean and median. ThiV daWa fXUWheU illXVWUaWeV WhaW TGFB1 and
PI3Ki can indXce VWaWe VZiWching and VhifW Whe NT5E e[SUeVVion of Whe majoUiW\ of cellV (SXSS. Fig. 4D).



SXSSOHPHQWDU\ FLJXUH 4D: DHQVLW\ SORW RI IORZ F\WRPHWU\ GDWD VKRZLQJ NT5E H[SUHVVLRQ LQ FHOOV WUHDWHG ZLWK
WKHLU UHVSHFWLYH FRQGLWLRQ. The mean and median are labeled for each condition. The shift in the median indicates that
there is a population-level change in NT5E expression with each treatment, not just a large change in a small
subpopulation of cells.

In Fig. 2D, MITF iV doZnUegXlaWed in ViVWeU cellV of SUimed cellV comSaUed Wo lineageV ZiWhoXW SUimed cellV.
AlVo, in Fig. 2J Whe SUimed YV VXVceSWible heaWmaS VhoZV WhaW MITF iV fXUWheU doZnUegXlaWed in SUimed cellV. IW
iV YeU\ Zell eVWabliVhed in Whe liWeUaWXUe WhaW BRAF/MEKi UeViVWanW cellV in melanoma XSUegXlaWe MITF (SmiWh eW
al, 2016 CanceU Cell, JohannVVen NaWXUe 2013 among oWheUV). WhaW iV Whe UeaVon foU WhiV diVcUeSanc\, iV WheUe
a SUoceVV ZheUe Whe fXll UeViVWanW cellV go fUom doZnUegXlaWing MITF Wo When XSUegXlaWing iW?

The UeYieZeU iV coUUecW WhaW oXU daWa VhoZV WhaW MITF iV doZnUegXlaWed in cellV in Whe SUimed gene
e[SUeVVion VWaWe. IW iV imSoUWanW Wo noWe WhaW Whe VWaWeV Ze deVcUibe in oXU SaSeU occXU befoUe Whe
adminiVWUaWion of WaUgeWed WheUaS\, ZheUeaV moVW SUeYioXV liWeUaWXUe focXVeV on VWaWeV folloZing
WUeaWmenW ZiWh WaUgeWed WheUaS\. We find WhaW Whe MITF-high and MITF-loZ gene e[SUeVVion VWaWeV e[iVW
SUioU Wo WUeaWmenW and can SUedicW Zhich cellV Zill deYeloS UeViVWance XSon WUeaWmenW (SXSS. Fig. 2A, B).

In boWh SaSeUV UefeUenced heUe (SmiWh eW al. 2016; JohanneVVen eW al. 2013), Whe aXWhoUV e[amine
MITF e[SUeVVion in cellV afWeU Whe\ haYe been WUeaWed ZiWh MAPK inhibiWoUV. FXUWheUmoUe, alWhoXgh
WheVe SaSeUV deVcUibe a MITF-high UeViVWanW VWaWe, WheUe iV alVo VXbVWanWial eYidence in Whe liWeUaWXUe
WhaW UeViVWanW cellV can be MITF-loZ (M�lleU eW al. 2014; RamboZ eW al. 2018; KaUUaV eW al. 2022). ThiV
highlighWV an inWeUeVWing feaWXUe of melanoma WhaW diffeUenW gene e[SUeVVion VWaWeV can be obVeUYed in
UeViVWanW cellV.

In Whe model Ze emSlo\ heUe, Ze haYe eYidence WhaW Whe MITF-loZ cellV aUe Whe oneV WhaW Zill become
UeViVWanW Wo WaUgeWed WheUaS\ once iW iV aSSlied. Since Ze do noW SeUfoUm RNAVeT on WheVe cellV afWeU
dUXg WUeaWmenW, Ze do noW haYe an\ eYidence Wo VXSSoUW MITF eYenWXall\ becoming XSUegXlaWed
(alWhoXgh WhiV iV SoVVible). SimilaU SaWWeUnV of MITF e[SUeVVion ZeUe alVo obVeUYed in oXU SUioU ZoUk aV
Zell, inclXding ShaffeU eW al NaWXUe 2017 and EmeUW eW al NaWXUe BioWech 2021 (ShaffeU eW al. 2017;
EmeUW eW al. 2021). InWeUeVWingl\, SUeYioXVl\ SXbliVhed CRISPR VcUeenV XVing WheVe Vame cell lineV did
idenWif\ geneWic knockoXWV WhaW coXld geneUaWe UeViVWance ZiWh MITF-high e[SUeVVion (ToUUe eW al. 2021).
ThXV, Zhile oXU SUimed SoSXlaWion iV MITF-loZ befoUe WUeaWmenW, iW iV cleaU WhaW UeViVWance Wo
BRAFi/MEKi can occXU ZiWh MITF-high oU MITF-loZ VWaWeV.
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MinoU commenWV:

The NT5E high cXWoff foU XnWUeaWed cellV XVed in Fig. 4B VhoXld be changed VXch WhaW Whe UaWio of SUimed Wo
VXVceSWible cellV iV Whe Vame aV VhoZn in Whe WZo clXVWeUV in boWh Fig. 1D and Fig 2B foU conViVWenc\. Ideall\
Whe cXWoff VhoXld be baVed on Whe SeUcenW of cellV WhaW VXUYiYe BRAFi/MEKi WUeaWmenW alone.

AV VXggeVWed b\ Whe UeYieZeU, Ze haYe added a neZ anal\ViV in Zhich Whe NT5E-high cXWoff iV baVed
on Whe SeUcenWage of SUimed cellV in Fig. 1F. In SXSS. Fig. 4C, Ze noZ VhoZ an 8% cXWoff aV WhiV iV Whe
SUedicWed SeUcenWage of SUimed cellV fUom oXU VcRNA-VeT daWa. ImSoUWanWl\, XVing WhiV cXWoff, oXU
conclXVionV UegaUding TGFB1 and PI3Ki Uemain Xnchanged (SXSS. Fig. 4C (VhoZn beloZ)). FoU figXUe
2C, Ze XVe a 2% WhUeVhold becaXVe Ze haYe ShenoW\Sicall\ YalidaWed WhiV WhUeVhold. FoU WhiV YalidaWion,
Ze VoUWed Whe WoS 2% of NT5E e[SUeVVing cellV and foXnd WhaW Whe\ ZeUe moUe UeViVWanW Wo WaUgeWed
WheUaS\ (SXSS. Fig. 2B).

SXSSOHPHQWDU\ FLJXUH 4C: BR[ SORW RI IORZ F\WRPHWU\ GDWD JHQHUDWHG ZLWK DQ 8% FXWRII IRU SULPHG FHOOV LQ WKH
XQWUHDWHG VDPSOH. In this plot, a cell is considered to be primed if its NT5E expression is greater than or equal to the top
8% of the untreated cells. This percentage is based on the number of primed cells in the scRNA-seq data shown in Fig.
1D. The other box plots show the percentage of primed cells across different conditions using the same cutoff in NT5E to
define a primed cell.



In Whe caVe of ShenoW\Se VZiWching of baUcodeV fUom SUimed Wo VXVceSWible and Yice YeUVa (Fig. 5G and 5H),
Whe fUacWion of cellV fUom Whe UeVSecWiYe lineageV in Whe SUimed VWaWe foU Whe XnWUeaWed VamSle VhoXld be VhoZn
foU beWWeU UeadabiliW\ of daWa.

ThiV iV a YalXable VXggeVWion fUom Whe UeYieZeU and Ze haYe added WheVe condiWionV Wo Whe figXUe (Fig.
5G and 5H).

FLJXUH 5G DQG 5H: PKHQRW\SH VZLWFKLQJ GLDJUDPV DQG GDWD. On the left (G) LV a schematic of lineage-based analysis
to test for state switching into the primed state. Box plots show the fraction of cells in each lineage that are in the primed
state across all the conditions. The lineages shown on this plot are exclusively those that were completely
drug-susceptible in the untreated sample. On the right (H) is a schematic of lineage-based analysis to test for state
switching into the drug-susceptible state. Box plots show the fraction of cells in each lineage that are in the primed state
across all the conditions.

In Fig. 3A, Whe aXWhoUV VhoXld TXanWif\ Whe e[SUeVVion of SOX10 and NT5E in Whe Uegion of inWeUeVW comSaUed
Wo a conWUol Uegion. Fig. 3B and Fig 3D UeTXiUe conWUolV (noUmal WiVVXe oU XnWUanVfoUmed VamSleV) foU SUimed
and VXVceSWible VWaWeV in oUdeU Wo VhoZ WhaW Whe heWeUogeneiW\ caSWXUeV VomeWhing oXWVide Whe noUmal Uange of
e[SUeVVion.

The UeYieZeU UaiVeV an imSoUWanW SoinW UegaUding Whe YalXe of comSaUing e[SUeVVion diffeUenceV Wo a
conWUol. In Whe caVe of HCR FISH in WiVVXe, Vince WheVe aUe melanoma cellV in a moXVe PDX model, Ze
do noW haYe SaiUed hXman WT melanoc\WeV ZiWhin WhiV model. HoZeYeU, oXU daWa doeV effecWiYel\
demonVWUaWe mXch higheU leYelV of NT5E and VignificanWl\ loZeU e[SUeVVion of SOX10 in WheVe UaUe
cellV comSaUed Wo oWheU cellV in Whe WXmoU. HeUe, Whe oWheU cellV ZiWhin Whe WXmoU VeUYe aV Whe conWUol foU
comSaUiVon.

While Ze do noW haYe Zild-W\Se hXman melanoc\WeV in oXU moXVe model. We leYeUaged VcRNA-VeT of
Zild-W\Se hXman melanoc\WeV (BeloWe eW al. 2021) Wo fXUWheU addUeVV WhiV SoinW. We XVed Whe SUimed cell
gene e[SUeVVion VWaWe and VcoUed boWh melanoma bioSVieV and WT melanoc\WeV. We foXnd WhaW Whe
Uange of SUimed cell VcoUeV iV VignificanWl\ laUgeU in melanoma bioSVieV comSaUed Wo WT melanoc\We
bioSVieV, WhXV VXSSoUWing WhaW WhiV heWeUogeneiW\ ZoXld noW be obVeUYed in melanoc\WeV (SXSS. Fig. 3B
(VhoZn beloZ)). ThiV VXggeVWV WhaW Whe high SUimed cell VignaWXUe in melanoma UeSUeVenWV meaningfXl
biological diffeUenceV WhaW do noW occXU in noUmal melanoc\WeV.

https://paperpile.com/c/dGErHH/ZOCk


SXSSOHPHQWDU\ FLJXUH 3B: BR[ SORW VKRZLQJ WKH UDQJH RI SULPHG JHQH VHW HQULFKPHQW VFRUHV SHU SDWLHQW LQ
PHODQRF\WHV YHUVXV PHODQRPD. This data shows that the differences in primed gene set enrichment score seen in
melanoma represent a meaningful difference in cell state that is not present in wild-type melanocytes.

In Fig. 5G, a beWWeU YiVXali]aWion of Whe conceSW VhoZn ZoXld be Wo Wake a UeSUeVenWaWiYe nXmbeU of lineageV
(Va\ 20 lineageV) and connecW Whem Yia a line acUoVV Whe diffeUenW WUeaWmenWV. ThiV ZoXld VhoZ hoZ each
VSecific lineage changeV in Whe fUacWion of SUimed cellV b\ WUeaWmenW.

We Whank Whe UeYieZeU foU WhiV VXggeVWion and geneUaWed an addiWional VXSSlemenWaU\ figXUe Wo VhoZ
Whe W\Se of YiVXali]aWion UeTXeVWed (SXSS. Fig. 6H (VhoZn beloZ)).

SXSSOHPHQWDU\ FLJXUH 6H: PDLUHG GRW SORWV VKRZLQJ H[DPSOH OLQHDJHV FKDQJH WKHLU SURSRUWLRQ RI SULPHG FHOOV
EDVHG RQ WUHDWPHQW. Each point and line color corresponds to the same lineage. This plot shows that the large majority of
20 random lineages plotted increase their proportion of primed cells when treated with TGFB1 and decrease their
proportion of primed cells when treated with PI3Ki.

The aXWhoUV VhoXld VhoZ WhaW Whe\ can UecaSiWXlaWe Whe WZo clXVWeUV obVeUYed in Fig. 1D UMAP fUom Whe
XnWUeaWed cellV in Fig. 5B,C,D Wo beWWeU define Whe SUimed and VXVceSWible SoSXlaWionV. Can \oX Wake Whe
annoWaWionV fUom WhiV neZl\ cUeaWed UMAP and maS Whem onWo Whe UMAP VhoZn in Fig. 5B,C,D Wo Vee if iW
alignV ZiWh \oXU definiWion of SUimed and VXVceSWible SoSXlaWionV VhoZn in WhaW figXUe?

The UeYieZeU makeV a good SoinW WhaW Ze VhoXld YalidaWe WhaW Whe XnWUeaWed SUimed cellV in Fig. 5 aUe
VimilaU Wo WhoVe in Fig. 1. We do noWe WhaW alWhoXgh Whe UMAP UeSUeVenWaWion can be helSfXl Wo
XndeUVWand Whe daWa, Whe leYel of VeSaUaWion beWZeen clXVWeUV of cellV in UMAP iV noW eaVil\
inWeUSUeWable. ThXV, iW iV moUe infoUmaWiYe Wo look aW high-dimenVional LoXYain clXVWeUing Wo idenWif\



VWaWeV. To WhaW end, Ze noZ deVcUibe hoZ Whe idenWiW\ of SUimed cellV ZaV deWeUmined baVed on
idenWif\ing LoXYain clXVWeUV ZiWh high SUimed gene VeW VignaWXUe VcoUe (SXSS. Fig. 6C (VhoZn beloZ)).
We Va\ WhiV in Whe We[W in Whe folloZing manneU:

³To claVVif\ cellV aV SUimed oU dUXg-VXVceSWible, Ze VelecWed LoXYain clXVWeUV 4 and 10, aV WheVe
clXVWeUV conWained Whe majoUiW\ of cellV e[SUeVVing Whe knoZn SUimed VWaWe maUkeU geneV (Fig. 5D,
SXSS. Fig. 6B, C).´

SXSSOHPHQWDU\ FLJXUH 6C: BR[ SORW RI WKH SULPHG JHQH VHW VLJQDWXUH VFRUH RI FHOOV LQ HDFK LRXYDLQ FOXVWHU.
Clusters 4 and 10 were classified as primed clusters since they have much higher primed gene set signature scores than
the other clusters.

FXUWheUmoUe, Wo VhoZ WhaW WheVe VWaWeV aUe Whe Vame acUoVV VeTXencing UXnV, Ze SloWWed all XnWUeaWed
WM989 VamSleV inWo one UMAP SloW (fUom Whe e[SeUimenWV in Fig. 1, Fig. 5, and SXSS. Fig. 1H). We
mainWained Whe annoWaWionV aV SUimed oU dUXg-VXVceSWible aV deWeUmined in each SloW indiYidXall\ and
VhoZ WhaW Whe SUimed cellV VWill all gUoXS WogeWheU (figXUe beloZ).

FLJXUH: 8MAP RI DOO XQWUHDWHG :M989 FHOOV VHTXHQFHG LQ WKH SDSHU. Cells are colored using the primed and
drug-susceptible labels determined in each individual experiment.

GiYen WhaW SUimed and VXVceSWible cellV haYe diffeUenW gUoZWh UaWeV, iW ma\ be UeaVonable Wo aVVXme WhaW WheUe
mighW be diffeUenceV in Whe cell c\cle Zhich coXld e[Slain Whe clXVWeUV in Fig 1D. The daWa VhoXld haYe cell
c\cle maUkeUV UegUeVVed oXW. SXSSlemenWaU\ daWa Fig. 2B VhoZV a high diffeUence in % of cellV in S ShaVe
beWZeen Whe WZo clXVWeUV. If Whe WZo clXVWeUV no longeU Uemain afWeU UegUeVVing oXW WhoVe maUkeUV, When WheUe iV
a VignificanW flaZ in XVing WhiV meWhod Wo call cellV aV SUimed oU dUXg-VXVceSWible.



The UeYieZeU haV a Yalid conceUn WhaW Whe cell c\cle ma\ be dUiYing Whe diffeUenW VWaWeV. We haYe added
a VXSSlemenWaU\ figXUe UegUeVVing oXW Whe cell c\cle and SloWWing cellV fUom each of Whe cell c\cle
ShaVeV indiYidXall\ (SXSS. Fig. 1E, F (VhoZn beloZ)). Each of WheVe SloWV VWill caSWXUeV Whe WZo VWaWeV,
demonVWUaWing WhaW Whe VWaWeV e[iVW acUoVV cellV in diffeUenW ShaVeV of Whe cell c\cle.

SXSSOHPHQWDU\ FLJXUH 1 E DQG F: TKH VHSDUDWLRQ EHWZHHQ WKH SULPHG DQG GUXJ-VXVFHSWLEOH VWDWH FHOOV LV QRW
GHSHQGHQW RQ WKH FHOO. The first plot shows a UMAP projection after cell cycle regression. Cells are colored by their
phase in the cell cycle. The three plots on the right are UMAP plots with cells from each phase of the cell cycle plotted
individually. In these plots, cells are colored by their gene expression state.

ReYieZeU #3: e[peUWiVe in WUanVcUipWional UegXlaWion
SXmmaU\:
In WhiV inWeUeVWing VWXd\, HaUmange and colleagXeV deYeloSed a Vingle-cell RNA-VeTXencing baVed aSSUoach
Wo meaVXUe cell VWaWe memoU\ in mammalian cellV. ThiV iV of clinical UeleYance aV iW haV been SUeYioXVl\ VhoZn
WhaW melanoma cellV can VZiWch beWZeen WheUaS\ UeViVWance (SUimed) and dUXg-nawYe cell VWaWeV. To meaVXUe
cellXlaU memoU\ Whe aXWhoUV aimed Wo WUack WUanVcUiSWional VWaWeV acUoVV cell lineageV. ToZaUdV WhiV, HaUmange
eW al aSSled a baUcoding libUaU\ Wo melanoma cellV and VXbVeTXenWl\ SUofiled Whe WUanVcUiSWome of WhoVe
baUcoded cellV aW a Vingle-cell leYel afWeU a ceUWain nXmbeU of cell doXblingV. ThUoXgh lineage WUacing ZiWh cell
baUcoding Whe aXWhoUV foXnd WhaW moVW cellV mainWained WheiU cell VWaWe memoU\, Zhich ZaV in conWUaVW Wo WheiU
SUeYioXV conclXVionV fUom bXlk RNA-VeTXencing VWXdieV WhaW indicaWed d\namic flXcWXaWion beWZeen WheUaS\
UeViVWanW and dUXg-nawYe gene e[SUeVVion VWaWeV in Whe Vame VWXdied cell line. HoZeYeU, in WheiU neZ
manXVcUiSW XVing Vingle-cell anal\ViV Whe aXWhoUV idenWified a Sool of cellV WhaW loVW WheiU gene e[SUeVVion
memoU\ and Whe\ demonVWUaWed WhaW WhiV lineage VZiWching iV deSendenW on PI3K and can be indXced b\
TGFB1. The\ alVo confiUmed WhaW VimilaU gene e[SUeVVion VignaWXUeV e[iVW in moXVe modelV and SaWienW
VamSleV. Finall\, Whe aXWhoUV demonVWUaWed WhaW Whe WUanVcUiSWional memoU\ UemainV VWable oYeU Wime and WhaW
WUeaWmenW ZiWh TGFB1 and PI3Ki indXceV SUimed and dUXg-VXVceSWible VWaWeV, UeVSecWiYel\. AlWhoXgh onl\ a
Vmall fUacWion of cellV VZiWcheV VWaWeV XSon WhoVe WUeaWmenWV WhiV iV VWill VXfficienW Wo alWeU Whe oXWcome of
WUeaWmenW UegimenV acUoVV a cell SoSXlaWion.
OYeUall, Whe e[SeUimenWal aSSUoach (VcMemoU\SeT) and conclXVionV of WhiV VWXd\ aUe noYel, accXUaWe, clinicall\
UeleYanW and of gUeaW inWeUeVW Wo a bUoad UeadeUVhiS. The e[SeUimenWV aUe Zell conWUolled, daWa aUe SUeVenWed in
a cleaU and YiVXall\ aWWUacWiYe manneU and meWhodV aUe deVcUibed in VXfficienW deWailV. OYeUall, WhiV manXVcUiSW
iV VXiWable foU SXblicaWion afWeU addUeVVing Whe minoU commenWV liVWed beloZ.

MinoU commenWV:
- Line 50-53: IW ZoXld be helSfXl if Whe aXWhoUV coXld VXmmaUi]e WheiU SUeYioXV ZoUk in a biW moUe deWail. Ma\be
Whe\ coXld add 1-2 VenWenceV bUiefl\ deVcUibing Whe Wechnolog\ and canceU W\Se XVed along ZiWh majoU finding
fUom Whe ciWed VWXdieV.

Thank \oX foU Whe VXggeVWion. We haYe added Vome moUe infoUmaWion aboXW Whe findingV of SUeYioXV
ZoUk Wo conWe[WXali]e oXU findingV aW Whe VWaUW of Whe UeVXlWV VecWion. We added Whe folloZing:

³BaVed on oXU SUeYioXV ZoUk, Ze knoZ WhaW boWh Whe dUXg-VXVceSWible and SUimed VWaWeV e[iVW in
XnWUeaWed melanoma cellV and WhaW cellV can flXcWXaWe beWZeen WheVe VWaWeV (ShaffeU eW al. 2020). When
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WaUgeWed WheUaS\ iV aSSlied, cellV in Whe SUimed VWaWe haYe a higheU likelihood of UeViVWance, ZheUeaV
cellV in Whe dUXg-VXVceSWible VWaWe VXccXmb Wo Whe WUeaWmenW (ShaffeU eW al. 2017).´

- Line 242: deleWe ³SoSXlaWion´

CoUUecWed, Whank \oX.

- Line 335: ShoXldn¶W WhiV Uead ³SOX-high´ inVWead of ³SOX-loZ´?

The UeYieZeU iV coUUecW, Ze haYe fi[ed WhiV in Whe We[W.

- The aXWhoUV aSSl\ a PI3K inhibiWoU and VhoZ WhaW WhiV decUeaVeV dUXg UeViVWance in melanoma cellV. PI3K
inhibiWion VhoXld ideall\ be confiUmed b\ aVVeVVing ShoVShoU\laWion VWaWe of kinaVe WaUgeWV b\ ZeVWeUn bloWWing.

The UeYieZeU makeV a Yalid SoinW WhaW Ze VhoXld WeVW hoZ Whe PI3Ki ZoUkV in oXU melanoma cellV. We
SeUfoUmed addiWional e[SeUimenWV in Zhich Ze XVed a ZeVWeUn bloW Wo VhoZ WhaW Whe PI3Ki can block
acWiYaWion of Whe PI3K SaWhZa\, eYen in Whe SUeVence of inVXlin gUoZWh facWoU (IGF) VWimXlaWion.
MoUeoYeU, Ze VhoZ WhaW Whe PI3Ki eliminaWeV PI3K Vignaling in Whe SUimed cell VWaWe (SXSS. Fig. 4E
(beloZ)).

SXSSOHPHQWDU\ FLJXUH 4E: :HVWHUQ EORW VKRZLQJ SKRVSKR AKT. In the labels, mix is an unsorted sample of WM989
cells. Primed is the top 2% of NT5E-expressing cells. This data shows that the PI3Ki used at 2�M effectively blocks PI3K
signaling.

- AlVo, can Whe aXWhoUV commenW on ZheWheU addiWion of TGFB1 indXce an\ maUkeUV of EMT aV obVeUYed in
inWeUmediaWe cell VWaWeV (XVing VcRNA-VeT daWa fUom Fig. 5)?

YeV, TGFB1 indXceV maUkeUV of EMT. To make WhiV cleaU Ze haYe menWioned in Whe We[W and added a
VXSSlemenWaU\ figXUe VhoZing an incUeaVed amoXnW of EMT gene e[SUeVVed in TGFB1 WUeaWed cellV
(SXSS. Fig. 6D (VhoZn beloZ)). We haYe added Whe folloZing Wo Whe We[W:

³ImSoUWanWl\, Whe SUimed cell VWaWe indXced b\ WUeaWmenW ZiWh TGFB1 ZaV WUanVcUiSWionall\ YeU\ VimilaU Wo
XnWUeaWed cellV in Whe SUimed VWaWe, and indXced EMT and TGF-ȕ Vignaling geneV (Fig. 5F, SXSS. Fig.
6D, E).´
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SXSSOHPHQWDU\ FLJXUH 6D: BR[ SORW RI WKH EMT JHQH VHW VLJQDWXUH VFRUH RI FHOOV LQ HDFK WUHDWPHQW FRQGLWLRQ. The
EMT signature score is considerably higher in the TGFB1-treated cells, indicating that TGFB1 increases the expression of
EMT genes.

- GiYen Whe SUominenW aVVociaWion ZiWh SUimed cell VWaWe, Whe aXWhoUV VhoXld conVideU diVSla\ing Whe NT5E
maUkeU gene in Whe heaW maSV diVSla\ed in Fig. 5F. Do Whe NT5E WUanVcUiSW leYelV coUUelaWe ZiWh Whe SUoWein
leYel VhoZn in Fig. 4C?

NT5E iV a UoZ in Whe heaWmaS in Fig. 5F, bXW iW ZaV SUeYioXVl\ difficXlW Wo diVceUn. We haYe noZ
imSUoYed Whe claUiW\ of Whe labelV foU beWWeU YiVXali]aWion. OYeUall, Ze find WhaW VoUWing cellV baVed on
WheiU NT5E SUoWein leYelV indeed enUicheV foU SUimed cellV WhaW become UeViVWanW Zhen WheUaS\ iV
aSSlied. We comSaUe WhiV Wo SUeYioXV maUkeUV inclXding EGFR and NGFR WhaW aUe alVo e[SUeVVed in
SUimed cellV. We find WhaW all WhUee of WheVe maUkeUV aUe SUeVenW in Whe SUimed VWaWe b\ VcRNA-VeT and
enUich foU Whe cellV WhaW Zill become Zhen dUXg iV aSSlied (Fig. 1D, SXSS. Fig. 2A). ThXV, WheVe UeVXlWV
indicaWe WhaW boWh SUoWein and RNA aUe high in SUimed cellV foU Whe SUimed cell maUkeUV NT5E, NGFR,
and EGFR.

ReYieZeU #5 (RemaUkV Wo Whe AXWhoU): e[peUWiVe in melanoma dUXg UeViVWance

In WheiU manXVcUiSW, HaUmange eW al SUeVenW a noYel meWhod foU in YiWUo WUacking of ShenoW\Sic VZiWching XVing
baUcoding and VcRNAVeT. UVing WhiV meWhod, Whe\ e[SloUe Whe kineWicV and d\namicV of cellXlaU VZiWching
beWZeen a dUXg-VenViWiYe VWaWe and a VWaWe SUimed foU dUXg UeViVWance in melanoma. AXWhoUV When e[amine hoZ
SUe-WUeaWing cellV ZiWh inhibiWoUV of TGFBR and PI3K baVed on Whe WUanVcUiSWional chaUacWeUiVWicV of UeViVWance
³SUimed´ VWaWeV affecW WheVe WUanViWionV. TheVe daWa SUoYide inVighWV inWo Whe molecXlaU SaWhZa\V Zhich ma\
UegXlaWe Whe WUanViWionV beWZeen cell VWaWeV. DaWa gaWheUed in WheVe VWXdieV ZaV When XWili]ed Wo SaUameWeUi]e a
maWhemaWical model of ShenoW\Sic VZiWching beWZeen Whe dUXg-VXVceSWible and dUXg-SUimed VWaWe. AlWhoXgh
man\ of Whe WUanVcUiSWional chaUacWeUiVWicV of Whe dUXg-VenViWiYe and dUXg-UeViVWanW VWaWeV haYe been defined
SUeYioXVl\, Whe kineWicV and d\namicV of cell WUanViWionV WhUoXgh WheVe VWaWeV haYe neYeU been e[SloUed and aUe
of high inWeUeVW Wo Whe melanoma UeVeaUch commXniW\. ThiV ZoUk alVo SUoYideV a deeSeU fXncWional dimenVion
Wo Vome of Whe SaWhZa\V SUeYioXVl\ imSlicaWed in BRAF inhibiWoU UeViVWance.

QXeVWionV/conceUnV:

1. IV iW SoVVible WhaW melanoma WXmoUV haYe moUe Whan 1 dUXg UeViVWance ³SUimed´ and moUe Whan 1
dUXg-VenViWiYe VWaWe? TheUe haYe been a feZ SaSeUV noZ WhaW haYe idenWified 4-6 WUanVcUiSWional VWaWeV in
melanoma, moVW UecenWl\ a SaSeU fUom Whe MaUine lab in NaWXUe YolXme 610, SageV 190±198 (2022). IV WheUe
an\ indicaWion hoZ Whe dUXg VenViWiYe and dUXg ³SUimed´ VWaWeV defined in WhiV manXVcUiSW fiW ZiWhin Whe 6 cellXlaU
VWaWe landVcaSe deVcUibed in Whe MaUine lab VWXd\? IW ZoXld be helSfXl Wo XndeUVWand hoZ Whe VWaWeV idenWified



heUe fiW inWo Whe SXbliVhed VWaWeV. FoU e[amSle, iV Whe ³SUimed´ VWaWe Whe Vame cellV WhaW aUe idenWified aV
³meVench\mal-like´? and aUe Whe VenViWiYe VWaWeV a combinaWion of all oWheUV? OU aUe meVench\mal-like Whe
YeU\ UaUe VXbVeW of Whe ³SUimed´ VWaWe WhaW aUe When alVo UeViVWanW Wo PI3Ki SUe-WUeaWmenW coXSled ZiWh BRAF
inhibiWoU WUeaWmenW?

The UeYieZeU makeV a YalXable VXggeVWion Wo moUe cleaUl\ UelaWe oXU findingV Wo SUeYioXVl\ defined
VWaWeV in melanoma. ImSoUWanWl\, moVW of Whe VWaWeV defined in Whe melanoma UeViVWance liWeUaWXUe aUe
deUiYed fUom cellV WhaW haYe alUead\ been e[SoVed Wo WaUgeWed WheUaS\. A ke\ diVWincWion iV WhaW oXU daWa
iV fUom dUXg-naiYe cell VWaWeV WhaW e[iVW SUioU Wo WUeaWmenW bXW aUe SUedicWiYe of WUeaWmenW UeVSonVe.
BeaUing WhiV in mind, Ze comSaUed Whe e[SUeVVion VWaWeV foXnd in WZo SaSeUV, (RamboZ eW al. 2018)
and Whe VXggeVWed KaUUaV eW al. 2022 SaSeU (KaUUaV eW al. 2022). B\ comSaUing WheVe ZiWh oXU oZn
daWa, Ze can Vee WhaW Whe SUimed cell VWaWe iV a mi[ of Whe inYaViYe, neXUal cUeVW-like, VWUeVV-like, and
meVench\mal-like VWaWeV. FUom WhiV anal\ViV, Ze can Vee WhaW SUimed cellV e[SUeVV geneV fUom mXlWiSle
of WheVe caWegoUieV, bXW WheVe caWegoUieV do noW cleaUl\ idenWif\ VXbVeWV of oXU SUimed VWaWe. RaWheU Whe
SUimed VWaWe iV Vome mi[WXUe, Zhich ma\ haYe iWV oZn fXUWheU VXbclaVVificaWion WhaW doeV noW folloZ
WhoVe in WheVe SaSeUV. The We[W noZ cleaUl\ VWaWeV WhaW WheUe aUe VimilaUiWieV beWZeen VWaWeV foXnd in WhiV
SaSeU and SUeYioXV ZoUk b\ Va\ing Whe folloZing:

³We alVo foXnd WhaW SUimed cellV haYe VimilaUiWieV Wo SUeYioXVl\ SXbliVhed gene e[SUeVVion VWaWeV
aVVociaWed ZiWh dUXg UeViVWance in melanoma (SXSS. Fig. 2C) (RamboZ eW al. 2018; KaUUaV eW al. 2022;
M�lleU eW al. 2014; ZXo eW al. 2018; SXn eW al. 2014; CaSSaUelli eW al. 2022; SmiWh eW al. 2016; Ji eW al.
2015; GiUoWWi eW al. 2013).´

We haYe alVo added a figXUe VhoZing Whe gene VeWV of Whe VWaWeV foXnd in WheVe SaSeUV on oXU daWa in
SXSS. Fig. 2C Zhich Ze VhoZ beloZ:

SXSSOHPHQWDU\ FLJXUH 2C: 8MAP SORWV VKRZLQJ WKH JHQH VHW VLJQDWXUH VFRUH RI GLIIHUHQW VWDWHV IRXQG LQ WKH
OLWHUDWXUH LQ :M989 FHOOV. These plots demonstrate that the primed state represents a combination of states previously
described in the literature, but that it does not perfectly align with any one of these.
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2. IV SUe-WUeaWmenW ZiWh PI3K moUe, leVV, oU VimilaUl\ aV effecWiYe comSaUed Wo VimXlWaneoXV combinaWion
WUeaWmenW? ThiV iV an eVVenWial TXeVWion WhaW needV Wo be anVZeUed and ZoXld haYe a laUge imSacW on hoZ
d\namic WUeaWmenW VWUaWegieV aUe deYeloSed SUeclinicall\ and clinicall\.

ThiV iV a good VXggeVWion b\ Whe UeYieZeU Wo comSaUe coWUeaWmenW ZiWh PI3Ki comSaUed Wo
SUeWUeaWmenW. We SeUfoUmed coWUeaWmenW e[SeUimenWV in Zhich Ze WUeaWed cellV ZiWh BRAFi/MEKi/PI3Ki
and comSaUed Whem ZiWh cellV SUeWUeaWed foU 5 da\V ZiWh PI3Ki and When WUeaWed ZiWh BRAFi/MEKi. We
foXnd WhaW WUeaWing ZiWh all WhUee inhibiWoUV aW Whe Vame Wime eliminaWed almoVW all cellV and SeUfoUmed
beWWeU Whan SUeWUeaWmenW. HoZeYeU, WhiV iV a highl\ Wo[ic combinaWion WhaW haV noW been SoVVible in
SaWienWV dXe Wo Vide effecWV. GeneUall\, blocking boWh Whe MAPK SaWhZa\ and PI3K SaWhZa\ aW Whe Vame
Wime iV highl\ Wo[ic, Zhich haV UeTXiUed oWheU VWXdieV Wo XVe loZ doVeV of WheVe dUXgV limiWing Whe
effecWiYeneVV of WhiV oWheUZiVe SUomiVing WUeaWmenW (McNeill eW al. 2017; BaUdia eW al. 2020; ShaSiUo eW
al. 2020). B\ XVing Whe SUeWUeaWmenW meWhod, Ze ma\ be able Wo geW Vome of Whe effecWiYeneVV of Whe
combinaWion WUeaWmenW b\ XVing higheU doVeV of dUXgV Zhile minimi]ing Wo[iciWieV. We haYe noZ
inclXded WhiV daWa in Whe We[W b\ Va\ing Whe folloZing:

FXUWheUmoUe, WUeaWing cellV ZiWh PI3Ki and WaUgeWed WheUaS\ aW Whe Vame Wime ZaV eYen moUe effecWiYe
Whan SUeWUeaWmenW, neaUl\ eliminaWing all UeViVWance (SXSS. Fig. 7D, E). AlWhoXgh blocking Whe PI3K
SaWhZa\ aW Whe Vame Wime aV Whe MAPK SaWhZa\ iV effecWiYe aW killing melanoma cellV, iW iV Wo[ic Wo
SaWienWV Zhich haV foUced clinical WUialV Wo XVe loZ doVeV of WheVe dUXgV, WhXV limiWing Whe effecWiYeneVV
of WhiV oWheUZiVe SUomiVing combinaWion (McNeill eW al. 2017; BaUdia eW al. 2020; ShaSiUo eW al. 2020).´

We haYe alVo added WhiV daWa in SXSS. Fig. 7D and E (VhoZn beloZ).

SXSSOHPHQWDU\ FLJXUH 7D DQG E: CRWUHDWLQJ ZLWK BRAFL, MEKL, DQG PI3KL GUDPDWLFDOO\ GHFUHDVHV UHVLVWDQFH. On
the left are representative wells showing the nuclei (shown as black dots) after the specified treatment. On the right is the
quantification of the data across 3 biological replicates, each with 6 technical replicates.

3. ImSoUWanWl\, Whe aXWhoUV VhoZ WhaW SUe-WUeaWing cellV ZiWh PI3K VignificanWl\ UedXceV bXW doeV noW comSleWel\
aboliVh Whe oXWgUoZWh of UeViVWanW cellV. The aXWhoUV VhoXld anal\]e Whe WUanVcUiSWional SUofileV of UaUe cellV in
Whe lineage Zhich did noW UeVSond Wo PI3Ki. IW iV eVVenWial Wo knoZ moUe aboXW WheVe VWaWeV, hoZ Whe\ aUe
diffeUenW fUom BRAFi-VenViWiYe and ³SUimed´ VWaWeV, and SoWenWial inVighWV inWo hoZ Whe\ can be WaUgeWed.

We agUee ZiWh Whe UeYieZeU WhaW a cleaU gene e[SUeVVion diVWincWion beWZeen cellV in lineageV WhaW
UeVSond Wo PI3Ki WUeaWmenW and WhoVe WhaW do noW ZoXld be inVighWfXl. To XncoYeU VXch diffeUenceV, Ze
SeUfoUmed a diffeUenWial gene e[SUeVVion anal\ViV on cellV in lineageV WhaW UeVSonded Wo PI3Ki WUeaWmenW
YeUVXV WhoVe WhaW did noW. Une[SecWedl\, Ze foXnd minimal VignificanW diffeUenceV. SSecificall\, Ze onl\
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find one gene LMO2 Zhich iV VlighWl\ XSUegXlaWed in non-UeVSonding lineageV and Zhich haV no cleaU
Uole in VWaWe VZiWching. We haYe added WheVe neZ anal\VeV Wo Whe SaSeU in SXSS. Table 3, and added
Whe folloZing Wo Whe We[W:

³MoUeoYeU, WheUe ZeUe no V\VWemaWic gene e[SUeVVion diffeUenceV WhaW e[Slained Whe diffeUenceV in
UeVSonViYeneVV Wo PI3Ki (SXSS. Table 3).´

4. If Whe dUXg-VXVceSWible cellV in lineageV ZiWh a high SUoSoUWion of cellV alUead\ in Whe SUimed VWaWe aUe moUe
eaVil\ VZiWched inWo Whe SUimed VWaWe, iV iW SoVVible Wo SUedicW clinical UeVSonVe Wo BRAFi baVed on Whe conWenW
of Whe SUimed VWaWe in a WXmoU?

We agUee ZiWh Whe UeYieZeU WhaW deWeUmining Whe SUoSoUWion of SUimed cellV in a WXmoU befoUe WUeaWmenW
ZiWh BRAFi ZoXld be a XVefXl Za\ Wo eYalXaWe Whe clinical UeleYance of SUimed cellV. ThiV anal\ViV ZaV
SUeYioXVl\ done b\ Koniec]koZVki eW al. ZheUe Whe\ VhoZed WhaW SaWienWV WhaW had MITF-/AXL+ (SUimed
cellV) in WheiU dUXg-naiYe bioSVieV had a VhoUWeU SUogUeVVion-fUee VXUYiYal on BRAFi/MEKi Whan SaWienWV
ZiWh MITF+/AXL- (dUXg-VXVceSWible) cellV (Koniec]koZVki eW al. 2014). ThiV finding highlighWV Whe
SoWenWial clinical benefiW of UeYeUWing Whe SUimed VWaWe befoUe Whe addiWion of BRAFi/MEKi clinicall\. We
haYe added WhiV infoUmaWion Wo Whe We[W b\ Va\ing Whe folloZing:

³FXUWheUmoUe, a SUeYioXV anal\ViV of daWa fUom Whe canceU genome aWlaV VhoZed WhaW Whe SUeVence of
MITF-loZ/AXL-high cellV (aV alVo Veen in oXU SUimed cell VWaWe) in dUXg-naiYe SaWienW WXmoUV ZaV
SUedicWiYe of a VhoUWeU SUogUeVVion-fUee VXUYiYal UaWe (Koniec]koZVki eW al. 2014). TogeWheU, WheVe daWa
demonVWUaWe Whe geneUali]abiliW\ of Whe SUimed cell VWaWe and VXggeVW WhaW iW mighW be SUedicWiYe of
UeVSonVe Wo BRAFi/MEKi.´

5. The aXWhoUV aUe Wackling a Shenomenon WhaW haV been VWXdied inWenVel\ foU Whe laVW decade. IW iV imSoUWanW Wo
be moUe WhoUoXgh aboXW VeWWing Whe conWe[W foU WhiV VWXd\ and make VXUe ciWe addiWional SaSeUV UelaWed Wo:
a) ReYeUVal Wo dUXg-VenViWiYe VWaWe and leYeUaging of VWaWe d\namicV in WheUaS\ VchedXling
b) AXL/MITF/SOX10/FN1 WUanVcUiSWional VWaWeV UelaWed Wo BRAFi UeViVWance
c) Role of TGFbeWa in BRAFi UeVSonVe
d) Role of PI3K inhibiWoUV in UeYeUVing BRAFi UeViVWance
AlWhoXgh aXWhoUV do ciWe Vome ZoUk in Vome of WheVe aUeaV, iW coXld be moUe WhoUoXgh.

We Whank Whe UeYieZeU foU WhiV gXidance in fUaming oXU VWXd\ and haYe added a moUe WhoUoXgh
diVcXVVion of Whe conWe[W foU WhiV ZoUk in boWh Whe inWUodXcWion and diVcXVVion. FoU each of WheVe
caWegoUieV oXWlined, Ze haYe added addiWional SaSeUV Wo VWUengWhen Whe conWe[W of oXU SaSeU.

MinoU TXeVWionV/conceUnV:
1. Wh\ did almoVW half Whe cellV SUofiled noW haYe baUcodeV (UelaWed Wo UeVXlWV foU FigXUe 1)? AUe baUcodeV loVW
oYeU Wime oU ZeUe baUcoded and non-baUcoded cellV anal\]ed?

TheUe aUe mXlWiSle UeaVonV Zh\ cellV ma\ noW haYe a baUcode, and Whe SeUcenWage of UecoYeUed
baUcodeV iV conViVWenW ZiWh ZhaW oWheUV haYe been able Wo do (Raj eW al. 2018; BoZling eW al. 2020). The
moVW likel\ Slace Wo loVe a baUcode iV dXUing Whe SUeSaUaWion of Whe 10X libUaUieV. BaUcodeV aUe caSWXUed
in Whe Vame Za\ oWheU WUanVcUiSWV in Whe cell aUe caSWXUed, Zhich iV b\ binding Whe Sol\-A Wail on Whe
mRNA WUanVcUiSW, bXW WhiV SUoceVV onl\ VamSleV a Vmall SeUcenWage of Whe WUanVcUiSWV of Whe cellV. ThXV,
iW iV SoVVible WhaW in Whe VamSling of Whe WUanVcUiSWome, a baUcode WUanVcUiSW neYeU geWV caSWXUed. AlVo,
eYen if a lineage baUcode iV caSWXUed in WhiV fiUVW VWeS, iW ma\ noW geW amSlified aV amSlificaWion of a
WUanVcUiSW UeTXiUeV VXcceVVfXl WemSlaWe VZiWching foU SUimeUV Wo bind, Zhich iV noW an efficienW SUoceVV.
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Finall\, Wo aYoid falVe SoViWiYeV, Ze VeW YeU\ conVeUYaWiYe cXWoffV WhUoXghoXW oXU anal\ViV SiSeline on
ZhaW Ze confidenWl\ call a lineage baUcode. While WhiV enVXUeV WhaW Ze aUe confidenW in Whe lineageV WhaW
Ze do idenWif\, iW iV SoVVible WhaW Ze aUe alVo loVing baUcode daWa fUom oWheU cellV.

2. TheUe iV a W\So on line 24

Thank \oX, Ze haYe coUUecWed WhiV W\So in Whe We[W.
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REVIEWERS' COMMENTS 

Reviewer #1 (Remarks to the Author): 

The manuscript by Harmange et al. has been significantly improved following the suggestions from 

multiple reviewers. The new manuscript is a streamlined version that is easier to read and interpret, at 

least in my opinion. The authors have also responded to most of my criticisms in a successful way. My 

most important concern, regarding "bipotency", has been successfully addressed. However, there is 

still the distinct possibility that a subset of clones have a higher heritable likelihood of state-switching, 

which is being identified (enriched) here as the "intermediate state". How can the authors discard this 

possibility? 

Reviewer #3 (Remarks to the Author): 

The paper is improved by the further analysis, particularly the cell cycle normalization. I also agree 

the novelty of the paper lies in the analysis of heterogeneity before treatment, as opposed to previous 

papers that have focused on targeting drivers that emerge after treatment. I believe this could made 

more clear, potentially in the abstract 

Reviewer #4 (Remarks to the Author): 

The authors have addressed all my comments and I recommend publication in Nature 

Communications. 

Reviewer #5 (Remarks to the Author): 

The authors have sufficiently addressed my comments and concerns in the revised manuscript. Based 

on this, I recommend this manuscript be accepted for publication.



REVIEWERS' COMMENTS 

Reviewer #1 (Remarks to the Author): 

The manuscript by Harmange et al. has been significantly improved following the suggestions 

from multiple reviewers. The new manuscript is a streamlined version that is easier to read and 

interpret, at least in my opinion. The authors have also responded to most of my criticisms in a 

successful way. My most important concern, regarding "bipotency", has been successfully 

addressed. However, there is still the distinct possibility that a subset of clones have a higher 

heritable likelihood of state-switching, which is being identified (enriched) here as the 

"intermediate state". How can the authors discard this possibility? 

We thank the reviewer for their comments. We agree that the manuscript is streamlined and 

easier to read. We also agree with the reviewer that it is possible that a subset of the clones 

have a higher likelihood of state-switching, and that this could be heritable and represented by 

the intermediate state. Since we can not rule out this possibility, we have added an additional 

line to the text to communicate this possibility to the reviewer. This line is as follows: 

While we observe many lineages that contain cells from both states (3 and 4), it is possible that 

a subset of cells have a higher propensity for state switching and generate these mixed state 

lineages. 

Reviewer #3 (Remarks to the Author): 

The paper is improved by the further analysis, particularly the cell cycle normalization. I also 

agree the novelty of the paper lies in the analysis of heterogeneity before treatment, as opposed 

to previous papers that have focused on targeting drivers that emerge after treatment. I believe 

this could made more clear, potentially in the abstract 

We thank the reviewer for this suggestion and updated the abstract to emphasize this point of 

novelty. This is the updated line: 

Applied to melanoma cells without therapy, we quantify long-lived fluctuations in gene 

expression that are predictive of later resistance to targeted therapy. 

Reviewer #4 (Remarks to the Author): 

The authors have addressed all my comments and I recommend publication in Nature 

Communications. 



Reviewer #5 (Remarks to the Author): 

The authors have sufficiently addressed my comments and concerns in the revised 

manuscript. Based on this, I recommend this manuscript be accepted for publication. 
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