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Abstract

Some drugs produce nearly the same transcriptional fingerprint in every cell line; others act only where
biological context permits, so their response shifts from one background to the next. Large-scale drug-
perturbation atlases are used mainly to train and benchmark predictive models, not to audit response
structure itself; we take the descriptive stance instead.

Using Tahoe-100M — the largest single-cell drug-perturbation atlas, spanning 50 cancer cell lines, 379
small molecules and 3 concentrations — we show a drug’s pseudobulk response resolves onto two nearly
independent axes (Spearman = -0.03, n = 268). Context-robustness is the fraction of a drug’s response
that is a background-independent conserved “core” rather than a cell-line-specific “periphery”; its ranking
matches pharmacological expectation and is well-calibrated under a full-library permutation check (91%
of drugs with zero empirical false-core genes; = 0.99 against the reported ranking). Dose-emergence
orders each drug’s genes by the concentration at which they turn on, recovers known mechanism at the
gene level, and resolves “stress” into two programs with opposite dose behaviour. Target transcriptional
depth — how close a drug’s target sits to the transcription machinery — has no significant direct effect
on context-robustness (an initial reading via core pathway coherence did not survive correction), but a
real, moderate effect on dose-emergence: proximal-target drugs show fewer low-dose-emergent genes than
distal-target drugs (p = 0.0013, AR? = 6.3%, n = 157). A Type III variance partition shows the stress
response is dominated by drug identity and cell-line background over nominal dose (partial ? ~ 0.53-0.66 vs
0.02), with a substantial drugxdose interaction. Response strength also tracks a known clinical resistance
mechanism: KRAS-mutant lines respond more weakly to the EGFR inhibitor Simotinib (FDR = 0.001). The
contribution is an interpretable coordinate system for response structure, with code and derived tables openly
available (CCO source data).

1. Introduction

The public release of Tahoe-100M — a single-cell drug-perturbation atlas of ~100 million cells spanning 50
cancer cell lines, 379 small molecules and three concentrations [1] — has been followed by a rapid wave of
computational work. That work is overwhelmingly predictive: foundation models, diffusion and flow-matching
architectures, “virtual-cell” simulators, and the benchmarks built to score them. The organizing question of
the field is, given a drug and a cellular context, to predict what the transcriptional response will look like.

A more basic, descriptive question has received far less attention. For any given drug, how much of its
measured transcriptional response is conserved across cellular backgrounds — a background-independent
mechanistic fingerprint — and how much is context-specific, varying from one cell line to the next? And
what governs that ratio? This is a conservation—divergence audit rather than a prediction task: the object
of study is the response that has already been measured, not a model of it. A phrase-restricted survey of
the indexed literature (arXiv and PubMed, July 2026) is consistent with the predictive/benchmarking work
being crowded and this descriptive angle under-explored. An arXiv search for “virtual cell” 4+ “perturbation”
returns 36 papers, overwhelmingly proposing or benchmarking predictive models (diffusion, flow-matching,
world-model and foundation-model architectures); a direct “Tahoe-100M” search returns 6; searches combining
“conserved” or “context-dependent” with “drug perturbation” or “single-cell” return 0-2 hits, none of which
decompose measured response into conserved and context-specific structure. We are careful throughout
not to overstate this into a claim that conservation—divergence decomposition has never been attempted



— the absence of matching search results is not proof of absence, and data-provider technical notes have
gestured at related intuitions (non-peer-reviewed) — but rather to position the specific contribution as making
context-robustness a quantifiable drug property across the full library, with a test of its mechanistic cause.

We report two empirical response axes and test one candidate mechanistic correlate — target transcriptional
depth — against each:

o Context-robustness (empirical axis 1). For each drug we separate its cross-cell-line conserved core
from its context-specific periphery using a consistency statistic tailored to within-drug, across-cell-line
agreement, and rank drugs by the fraction of their response that is core. This ranking is a new,
interpretable drug property.

o Dose-emergence (empirical axis 2). Along the three concentrations we order each drug’s genes by the
dose at which they turn on, separating candidate on-mechanism (early) from candidate generic-stress
(late) genes, and characterise what tunes the shared stress response. We show directly that these two
axes are near-independent, so they carry complementary information rather than restating one another.

o Target transcriptional depth (candidate correlate, tested against both axes). We ask whether a
drug’s position on each empirical axis tracks how deep its target sits in the signalling-to-transcription
hierarchy. Once tested with a directly controlled regression and honest multiple-testing correction, depth
has no significant direct effect on context-robustness, but it does have a real, moderate direct effect on
dose-emergence (proximal-target drugs have a lower fraction of low-dose-emergent genes, indicating
broader or later recruitment across the tested dose range). Depth is therefore an axis-specific correlate,
not a shared mechanistic origin for both axes.

The result is an interpretable, two-axis coordinate system for drug-response structure on public-domain data,
together with a scoped account of what depth does and does not explain about it — a resource for, and a
proposed ground truth against, the predictive-modelling community.

2. Methods

2.1 Data and preprocessing

We analysed the Tahoe-100M atlas — Hugging Face dataset tahoebio/Tahoe-100M, configuration
pseudobulk_differential_expression, comprising 1,026 shards (88.9 GB). Each shard provides, for one
combination of cell line, plate and concentration, the DESeq2 [2] log2 fold-change of drug-treated versus
vehicle control per gene. The full release covers 50 cancer cell lines (13 organs) x 379 drugs x 3
concentrations (0.05, 0.5, 5.0 pM), each (drug, concentration) supported by multiple plate replicates.
We retained the 12,310 genes with mean baseMean > 10 as expressed. Unless noted, the primary
concentration is 5.0 pM (fullest response, broadest positive-control coverage), with 0.5 and 0.05 nM used for
concentration-robustness cross-checks.

Analysis scope (declared). All three analyses were computed on the full 50-cell-line release. Context-
robustness (§2.2-2.4) and target depth (§2.7) were computed on the 50-line release throughout. Dose-emergence
(§2.5) and the stress-axis decomposition (§2.6) were first developed on a 22-cell-line pilot subset and then
re-run on the full 50 lines; unless stated otherwise, every dose-emergence and stress number in this paper
is the 50-line value. The two scales agree on the classifier (per-drug low-dose-emergent fraction, 50-vs-22
Spearman = 0.64, n = 379; median 0.43 (50-line) vs 0.44 (22-line pilot)) but differ on the stress-axis
variance partition, where the larger cell-line panel changes the ranking of factors (§3.4); we report the 50-line
partition as primary and note the pilot value where it differs. The 50-line dose-emergence and stress-axis
tables were produced by re-aggregating the per-(drug, gene, cell-line, concentration) means underlying the
context-robustness analysis, so all three analyses rest on the same 50-line pseudobulk collapse.

2.2 A cross-cell-line consistency statistic

The conservation—divergence question here is not “how do classes differ” (the setting of permutation-based
class-divergence tests) but “for a single drug, how consistent is the response across cell lines versus how



dispersed.” This is closer in spirit to a variance-component / intraclass-correlation decomposition, so we
defined a dedicated statistic (validated to perfectly separate core / periphery / none on synthetic data). For
each drug and gene, given per-cell-line mean 1log2FC p_ ¢ (after collapsing plate replicates) and within-replicate
variance:

o effect (response magnitude) = mean_c |u_ c| — using per-cell-line absolute values so that opposite-
direction responses are not miscounted as “no response”;

o direction-consistency = |mean_c u_c| / effect (all same-direction ~ 1, cancelling ~ 0);

« magnitude-consistency = effect? / (effect? + excess cross-line variance), where excess variance =
cross-line variance - plate-replicate noise floor;

e consistency = the product of the two;

o z from a permutation null that shuffles cell-line assignment (preserving each line’s marginal, breaking
gene identity).

A drug x gene is core if effect > threshold and z > threshold; periphery if responsive but not core; none if
unresponsive.

2.3 Multiple stringency levels

Because core calls depend on threshold, we report three levels in parallel: loose (effect > 0.5, z > 2), medium
(effect > 1.0, z > 3; primary), and strict (effect > 1.5, z > 3). All main-text figures use the medium level
at 5.0 nM.

2.4 Universal axis and controlled context-robustness ranking

We define the ubiquitous conserved set as the genes that are core in > 50% of drugs — small nuclear
RNAs, a mitochondrial pseudogene, a pseudoautosomal IncRNA and unannotated loci with no established
growth-arrest identity, so we do not describe this set as a functional “growth-arrest axis”; at the medium level
(5.0 pM) this is a compact set of 6 genes (7SK, ASMTL-AS1, MTND2P28, RNU4-2, and two unannotated
loci ENSG00000278996, ENSG00000289901). A drug’s drug-specific core is its core minus this ubiquitous
conserved set. The context-robustness score is the drug-specific core fraction, residualised by ordinary
least squares against log(response magnitude) and cell-line count n; a floor of > 100 responsive genes was
applied (277/379 drugs pass). Two nearly identical versions of this residual are used, differing only in whether
the OLS is fit before or after the floor is applied (Spearman = 0.99 between them): the ranking display (Fig
2) uses the on-floored-set fit, and the cross-axis analyses (Figs 5-6) use the full-set fit; the choice does not
affect any conclusion.

Reconciliation of the two “universal axis” definitions. This 6-gene universal axis (used
here for the drug-specific-core subtraction) is not in conflict with the 103-gene “stress axis” used in
§2.6. They are two nested thresholds of the same phenomenon: the 6 genes are the > 50%-of-drugs
core at medium stringency, and are a strict subset of a broader 103-gene conservation set (adding
ribosomal, mitochondrial and integrated-stress genes such as PPPIR15A/GADD34 and HSPAS)
obtained at a looser conservation threshold. The 6-gene set serves as a conservative subtraction
so that “drug-specific core” is not dominated by a handful of pan-cytotoxic loci; the 103-gene set
serves as a dose-independent probe of stress-response magnitude. We use each for its stated role
and do not mix them.

2.5 Dose-emergence classifier

For each drug X responsive gene we computed a continuous emergence score = the dose at half-maximal
[log2FC|, interpolated on log-dose across the three concentrations (lower = activates at lower dose = more
potent), with within-drug normalisation, a monotonicity flag, and a baseMean detectability control. Discrete
low/mid/high bins are a secondary view. Absolute potency differs across drugs, so emergence is normalised
within each drug; drugs that saturate at the lowest dose (no dynamic range) self-flag and are excluded rather
than forced.



Pathway enrichment along the dose axis used continuous directional GSEA: responsive genes ranked by
emergence, tested against 1,516 size-filtered Reactome pathways (per-drug Mann—Whitney, BH-FDR [3]
within drug) against the Tahoe-tested-gene background (7,134 genes), not the genome default.

2.6 Stress-axis magnitude decomposition

Using the dose-independent 103-gene stress axis (inherited from the conservation analysis, which is why the
dose-link test below is non-circular), we decomposed the variance of per-sample stress-axis magnitude across
drugs by a drug x cell-line x dose ANOVA-style sum-of-squares partition, and ranked mechanism-of-action
classes by their stress-axis baseline.

2.7 Functional enrichment and core coherence (target depth)

For each drug we took its drug-specific core (§2.4) and tested it for pathway enrichment. Mixed identifiers in
the core tables were unified by mapping Ensembl IDs to HGNC symbols with mygene.info (133 of 511 Ensembl
IDs resolved; the remainder are non-coding/pseudogene loci absent from the pathway libraries). Enrichment
used the hypergeometric test against a Tahoe-expressed-gene background (N = 11,151 symbols — the
subset of the 12,310 baseMean-filtered expressed genes (§2.1) that appears in the core/periphery label table
across the drug panel; the two counts are different, both-correct denominators for different steps of the
pipeline, not an inconsistency), with GO Biological Process (2023) [4,5], Reactome (2022) [6] and KEGG
(2021) [7] libraries, size-filtered to 5-500 genes (6,026 sets); enrichment was run with GSEApy [8]. Per drug,
p-values were BH-corrected; a pathway was called enriched at FDR < 0.1 with an observed overlap > 2 genes.
Enrichment ran for all 374 drugs with a core-specific set; 348 (93%) had a core large enough (> 5 mapped
genes) to be enrichable.

Per-drug pathway p-values are BH-corrected across the full size-filtered 6,026-set library, not merely the
subset of pathways that happen to pass an overlap > 2 filter, so that the multiple-testing universe matches
the tested library; a pathway is called enriched at FDR < 0.1. Under this procedure, 132 of 374 drugs (35%)
have at least one BH-significant pathway, and 77 of these retain a depth label and a large enough enrichable
set to support the coherence—depth test of §3.6.

We initially planned a target-recall statistic (does a drug’s core recover its own annotated target pathway)
but abandoned it: drugs with distal targets have cores too small for any pathway to survive multiple-testing
correction, so recall degenerates into a restatement of core size (and hence of context-robustness). We instead
defined a size-robust, orthogonal readout — core coherence — as the fraction of a drug’s FDR-significant
pathways supported by more than three core genes: whether a core parses into connected pathway programs
(high) or dissolves into fragile two-to-three-gene hits (low), independent of whether those pathways match the
annotated target.

Each drug was assigned a target transcriptional depth from its fine-grained mechanism-of-action annota-
tion (moa-fine; 26 classes, 377/379 drugs) by a fixed mapping, prospectively specified before the library-scale
analysis. Prozimal targets act at or near the transcription/chromatin/translation machinery or on im-
mediate growth-signalling hubs (HDAC, DNMT, MEK, RAF, RAS, other MAPK, PI3K/AKT, mTOR,
GSK3, JAK/STAT, CDK, protein-synthesis and proteasome inhibitors). Distal targets act far from tran-
scription (DNA synthesis/repair, EGFR/ERBB and other tyrosine kinases, microtubules, Hedgehog/SMO,
adrenoceptors, cyclooxygenase, transporters). Ligand-activated nuclear receptors (glucocorticoid, androgen,
retinoic-acid receptors) are mechanistically proximal transcription factors but their effect is gated by receptor
expression, so they form a separate nuclear-receptor tier. Drugs with unclear MOA (198) were resolved
where possible by their annotated target gene; 191 drugs received a depth label (72 proximal, 101 distal, 18
nuclear-receptor).

2.8 Confound control and bias testing

Because coherence rises with core size, all depth comparisons control for it: we fit coherence ~ logl10(core
size) by OLS and compared residuals across depth tiers (Mann—Whitney), and separately fit coherence ~
log10(core size) + depth for the partial effect of depth. Because 183 drugs lack a depth label, we tested for



selection bias by comparing labelled vs unlabelled drugs on core size, coherence and context-robustness, raw
and size-corrected.

Direct regressions bypassing the coherence intermediate. Because coherence is itself a size-dominated,
enrichment-dependent statistic (§2.7), we additionally tested target depth directly against each empirical axis
without routing through coherence: core_frac_resid (context-robustness) and frac_low (dose-emergence)
were each regressed on depth (proximal indicator) + log(core size) + n_ cell_lines by OLS, with the
proximal-tier coefficient tested by both the regression coefficient p-value and a Mann—Whitney test on the
covariate-adjusted residuals (n = 157 depth-labelled drugs with both axis values available).

2.9 External molecular validation (DepMap)

To test whether the response-strength readout encodes known molecular determinants, we mapped the 50
Tahoe cell lines to DepMap 24Q4 [9] model identifiers (49/50 mapped; hTERT-HPNE is a normal control
absent from DepMap). We screened nine targeted drugs (Simotinib/EGFR, Sonidegib/SMO, olaparib/PARP1-
2, Pimitespib/HSP90, Volasertib/PLK1-3, Silodosin/ADRA1, Hydroxyfasudil/ROCK, plus Panobinostat and
Trametinib as broad-mechanism controls for contrast); of these, three (Simotinib, Trametinib, Volasertib)
had a DepMap hotspot-mutation gene with >3 mutant lines available for testing, yielding five drug-mutation
pairs. We associated per-cell-line response strength with DepMap hotspot-mutation status (542-gene matrix)
for these five pairs by Mann—Whitney with BH-FDR, checking the significant hit for organ confounding by
re-examining direction within organ.




3. Results

A conserved core / context-specific periphery decomposition of drug-induced
transcriptional response, organized by dose-emergence and target depth
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Figure 1. A conserved-core / context-specific-periphery decomposition of drug-induced tran-
scriptional response, organized by dose-emergence and target depth. (a) The two empiri-
cal response axes — context-robustness (vertical) and dose-emergence (horizontal) — are
near-independent (Spearman = -0.03; Fig 5), so illustrative drugs are spread across the
dose-emergence range within each robustness band rather than along a diagonal. Target tran-
scriptional depth (horizontal bracket) tracks the dose-emergence axis, not context-robustness
— see §3.6 for the corrected analysis and the retraction of an earlier coherence-mediated
context-robustness link. (b) Schematic per-drug log2FC across cell lines: a conserved core block
versus a context-specific periphery block. (c) The per-drugxgene core/periphery call from a
cross-cell-line consistency statistic against a permutation null. (d) Data scale: 50 cell lines x
379 drugs x 3 doses x 12,310 expressed genes, pseudobulk DESeq2 log2FC, CC0 Tahoe-100M.



3.1 The conserved core is overwhelmingly drug-specific

Tahoe-100M: cross-cell-line conservation of drug transcriptional response (50 cell lines x 379 drugs, 5 uM)

Broad-machinery drugs conserve response;

a targeted drugs are context-dependent Core vs periphery genome-wide, per drug
Tucidinostat (HDAC) ad
Tofacitinib (JAKi) °
Trametinib (MEKi) ad 03
Tofacitinib
Paclitaxel (MT)
Panobinostat (HDACI) —_—
Triamcinolone (GC) 4 _— ° ro2
Sapanisertib (mTOR) - _— . ° Y .
Ouabain (Na/kATPase) - _—e ) 1 o ° o
RMC-6236 (pankRAS) o _— 9 ¥ [
Tazarotene - —_— & M Panobinostat o
ERKE-IN-2 ——°* E Simotinib . . ® 8
Binimetinib (MEKi) 4 —_— ;", . * e L ° £3
Sivelestat (sodium tetrahydrate) - —_—————————e kK . [J 2% o Loo 33
i g Xy ~ 4 ° %g
18B-Glycyrrhetinic acid >~ g o [ ] o® § £
Volasertib (PLK1i) - - % L 4 ©
P 1 u ° Py ° 01
Bestatin | 5 LI :.0
Imiquimod (maleate) 4 L — W2
Olaparib (PARPi) - | e Tuci@nostat
silodosin (a1) ——— . 02
Hydroxyfasudil (ROCKi) - - .
PF-06260033 | - o ®
Sonidegib (Hedgehog) - °
Pimitespib (HSP90I) *—— —03
(Ge) o [ 4 °
Simotinib (EGFRi) 1  @—————————————
—é 2 0.0 0:2 ota ole 1::1 1:)1 1:13 nll‘
Context-robustness (core fraction, Drug-specific CORE genes (conserved across cell lines)

residualized for potency & n)

Figure 2. Context-robustness ranking and the core/periphery decomposition across 50 cell
lines. Left: the most context-robust (core-dominated, top) and most context-labile (periphery-
dominated, bottom) drugs by controlled residual; only the extremes are shown for readability.
Right: the genome-wide core/periphery landscape.

At the medium level (5.0 uM) the atlas contains 72,529 drug-specific core, 1,644 universal core, and
89,649 periphery drug x gene calls. The ubiquitous conserved set — genes that are core in > 50% of
drugs — comprises only 6 genes (a mitochondrial pseudogene, two small nuclear RNAs, a pseudoautosomal
IncRNA; and two unannotated loci), stable across concentration (all six appear in the 0.05 tM set). None
of the six has an established growth-arrest identity, so we do not describe this set as a functional “growth-
arrest axis.” The decisive observation is that the overwhelming majority of core calls are drug-specific:
the drug-specific-core-fraction distribution shows a cliff at 0.5, so the conserved core of a drug’s response
carries drug-specific mechanistic information rather than a uniform, functionally interpretable signature. A
conservation—divergence decomposition is therefore meaningful and information-rich on drug-perturbation
data.



3.2 Context-robustness is a continuous, interpretable drug property

Context-robustness is a continuous variable: clear extremes, but most drugs are intermediate (50 cell lines, 5 pM)
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Figure 3. Context-robustness is a continuous unimodal spectrum, not two discrete classes. The
full distribution across 277 drugs peaks near zero; the extreme-only ranking in Fig 2 should
not be read as a bimodal split.

The most context-robust drugs (highest controlled residual) are inhibitors of broad signalling hubs and cell
machinery — HDAC (Tucidinostat, residual +0.561, core 849; Panobinostat +0.393, core 3,963), MEK
(Trametinib +0.458, core 347), mTOR/PI3K (Sapanisertib +0.362; RMC-6236 +0.352), JAK (Tofacitinib
+0.420), Na/K-ATPase (Ouabain 40.360) and microtubules (Paclitaxel +0.417). The most context-labile are
agents whose effect depends on a specific target or lineage — EGFR (Simotinib, residual -0.337, core 19),
HSP90 (Pimitespib -0.308), PARP (olaparib -0.269), Hedgehog (Sonidegib -0.285), ROCK (Hydroxyfasudil
-0.269) and glucocorticoids (Methylprednisolone succinate -0.313, polarised by receptor expression). This
ordering matches pharmacological priors and is strong evidence of method validity.

Two honest boundaries accompany this result. First, context-robustness is a continuous, unimodal
spectrum peaking near zero (Fig 3), not two discrete robust/labile camps; the extreme-only ranking of
Fig 2 omits 249 intermediate drugs and must not be read as bimodal. Context-robustness should be used as
a continuous variable. Second, the ranking carries a real concentration dependence (on the 277-drug floored
set, 5 vs 0.5 pM Spearman = 0.52; 5 vs 0.05 tM = 0.35), because a single nominal concentration sits at
different points on each drug’s dose-response curve; the 5 uM result is primary and this dependence is a
stated caveat, not a masked flaw.



3.3 Dose-emergence recovers mechanism, and “stress” is two opposite-dose programs
Dose-emergence and the stress axis at full 50-cell-line scale
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Figure 4. Dose-emergence and the stress axis at full 50-cell-line scale. (a) Under a crossed
(Type III) variance partition, stress-axis magnitude varies far more across cell lines and drugs
than across nominal dose (partial > ~ 0.53-0.66 vs 0.02), but the drugxdose interaction term
is itself ~29-fold the dose main effect — dose’s effect is highly drug-dependent, not a fixed
background rate. (b) Median stress-axis magnitude by mechanism class: highest in proteasome,
mTOR, protein-synthesis and HDAC inhibitors, lowest in EGFR/ERBB, Hedgehog and DNMT
agents. (c) Distribution of the per-drug low-dose-emergent fraction across 368 classifiable
drugs, median 0.43.

At full 50-line scale, 368 of 379 drugs are classifiable by dose-emergence (11 saturate at the lowest dose
and self-flag); the median fraction of a drug’s responsive genes that are low-dose-emergent is 0.43 (Fig 4c). The
classifier is stable between scales — the per-drug low-dose fraction agrees between the 22-line pilot and the full
50 lines (Spearman = 0.64, n = 379). Positive controls pass at the gene level: Trametinib’s MAPK-output
genes (FOS, EGR1, DUSP4/6, SPRY2/4) and Bortezomib’s proteasome subunits (PSMB1/2/5/6, PSMD1)
are all correctly low-dose-emergent, and the emergence score’s partial correlation with baseline expression is
small and sign-inconsistent (|partial r| < 0.15), so early emergence is not a detectability artifact.

At the pathway level, 18 of 258 classifiable drugs (7%) recover their own annotated target pathway
on the early/low-dose side at FDR < 0.1. This is a narrow-versus-broad-target split, not a failure: single-
gene/small-family targets recover cleanly (Auranofin — TXNRD1/2, FDR 1x10~!°; Idarubicin — TOP2A,
4x10~7; Bortezomib — proteasome, 9x10~°; Tucidinostat — HDACSs, 6x10~*), whereas family/complex
targets (Panobinostat’s seven HDACs, Trametinib’s MAP2K1/2, EGFR and rapalogs) are diluted across
many pathways even though their marker genes are correctly early. The gene-level emergence score is the
robust primary output; pathway-FDR recovery is a conservative secondary layer that by construction rewards
narrow targets.

We read “stress” itself as two programs with opposite dose behaviour — a reading that stitches
two analyses together rather than one single readout, which we state plainly. An early, on-mechanism
translation-attenuation/growth-arrest program (the conserved-axis genes: ribosomal, mitochondrial,
PPP1R15A/GADD34, HSPAS) is enriched low-dose across classifiable drugs, while a late, high-dose
cytotoxic-death cascade dominates the stress pathways (DNA-damage 85% late, p53 88% late, apoptosis
76% late, heat-shock 62% late; pathway-direction analysis). Combining the two, the pattern is sequential
recruitment, not a switch: the growth-arrest program is already on at low dose (an early consequence of
potently hitting the target), and raising the dose progressively adds the death cascade on top. The intuition
“high dose recruits generic stress” is therefore right for the death cascade and wrong for the growth-arrest
program. Throughout, “late-emerging” denotes a within-drug relative-potency ranking at a single steady-state
timepoint and is consistent with generic high-dose stress or slow on-target downstream kinetics; late #
proven-nonspecific.



3.4 Stress-axis magnitude is set by drug identity and cell-line background, but dose’s effect is
itself drug-dependent

We decomposed the variance of per-sample stress-axis magnitude across the full 50 lines with a fully crossed
(Type III) drug x cell-line x dose model, including drugxdose and cell-linexdose interaction terms (sum-
to-zero contrasts, 1,283 parameters); a scalar “drug/dose” ratio requires this crossed specification, since an
order-dependent sequential partition is not a valid basis for one (see correction-notes.md for the superseded
sequential-partition figures). Cell line and drug are the dominant factors (partial 2 = 0.660 and 0.525
respectively, versus 0.018 for dose) — cell-line background and drug identity dominate over a fixed dose effect.
Note the model tests individual drug identity (379 levels), not annotated mechanism-of-action class; Fig 4b’s
mechanism-class medians are a separate, descriptive summary and should not be read as apportioning this
drug-identity variance component to “mechanism” as a formal factor. The qualitative reading is in line with
the atlas paper’s own characterisation that cell-line identity and cell-cycle phase are the major factors while
drug treatment and dose have a more modest effect [1]. The drugxdose interaction sum of squares (~343)
is, however, ~29-fold the dose main-effect sum of squares (=12), and the cell-linexdose interaction
(~19) is also non-negligible relative to the dose main effect. Dose’s effect on the stress axis is therefore
highly drug-specific — some drugs show strong dose-dependence, others almost none — so no single fixed
“drug/dose” ratio is statistically defensible once this interaction is accounted for; we report the partial-2
comparison above in its place. Mechanism still sets the per-drug baseline: stress-axis magnitude is highest in
proteasome, mTOR, protein-synthesis and HDAC inhibitors, lowest in EGFR/ERBB and Hedgehog inhibitors
and DNMT and adrenoceptor agents (Fig 4b); the per-gene dose-emergence axis remains usable because it is
a within-drug, within-gene contrast rather than a global embedding factor.
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3.5 The two axes are near-independent

The two axes are near-independent (50 cell lines, n=268 drugs)
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Figure 5. The two response axes are near-independent. On the 268 drugs classifiable on
both axes and drawn from the 50-cell-line release (per-drug coverage 17—50 lines, median 49;
114/268 drugs have full 50-line coverage), context-robustness (controlled core-fraction residual)
shows essentially no monotonic relationship with dose-emergence (fraction of response that is
low-dose-emergent): Spearman = -0.03 (p = 0.61, n = 268); restricted to the 114 full-coverage
drugs, = -0.15 (p = 0.10). Illustrative drugs are labelled.

A two-axis framing is only useful if the axes are actually distinct. We tested this directly on the 268 drugs
classifiable on both axes and drawn from the 50-cell-line release; per-drug cell-line coverage in this set ranges
17-50 (median 49), and 114/268 drugs have full 50-line coverage. Context-robustness and dose-emergence
are near-independent: the low-dose-emergent fraction has essentially no monotonic association with the
context-robustness residual across the full set (Spearman = -0.03, p = 0.61, R? = 0.001, n = 268; Fig 5),
and the continuous median-emergence-dose carries only a weak one ( = 0.22, p = 3x107%, R? = 0.05, n
= 268). Coverage-matched subsets give the same qualitative reading: restricted to the 197 drugs with >
48 cell lines, = -0.03 (p = 0.68) and = 0.23 (p = 0.001) respectively; restricted to the 114 drugs with
full 50-line coverage, = -0.15 (p = 0.10) and = 0.27 (p = 0.004). The frac_low-vs-robustness association
stays near zero and non-significant at every coverage threshold; the median-emergence-dose association is
weak but strengthens slightly, not away, as coverage tightens. Sparse-coverage drugs are not manufacturing
the apparent independence. A drug can be robust and early-emergent (Tucidinostat), robust and later
(Trametinib), labile and early, or labile and late — all four quadrants are populated. Whether a drug’s
response is background-independent, and the dose at which that response turns on, are two separable
properties. This is what licenses treating them as two axes rather than one.
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3.6 Target transcriptional depth and dose-emergence

Target transcriptional depth has a direct effect on dose-emergence,
not on context-robustness or core coherence
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Figure 6. Target transcriptional depth has a direct effect on dose-emergence, not on context-
robustness or core coherence. (a) Target-depth tier has no significant direct effect on context-
robustness (residual core_ frac_ resid after removing core-size and cell-line-coverage effects;
proximal vs distal p = 0.601, AR? = 0.8%, n = 157) — depth does not organize context-
robustness, either through coherence or directly. (b) Target-depth tier has a real, moderate
direct effect on dose-emergence (frac_ low ~ depth + log(core size) + n_ cell_lines; proximal
coefficient = -0.093 vs. distal, p = 0.0013, AR? = 6.3%, n = 157), robust to cluster-robust
standard errors, a magnitude-controlled alternative specification, and leave-one-MOA-class-out
refitting (proximal coefficient range [-0.107, -0.081] across 26 refits, always p < 0.01; inset).
The originally reported coherence—depth relationship (proximal > distal core coherence at
matched size) did not** survive an honest Benjamini-Hochberg correction across the full pathway library
and is retracted (see text below and Supplementary Figure S2 for the original-vs-corrected comparison).**

Across the corrected analysis, core coherence remains strongly determined by core size (Spearman = 0.70,
p = 2x1072°, n = 132 drugs with at least one BH-significant pathway; R? ~ 0.30-0.47 depending on
subset), confirming that any statistic built on absolute pathway recovery largely re-encodes core size and
hence context-robustness; a naive target-recall analysis (does a drug’s core recover its own annotated target
pathway) adds nothing beyond the context-robustness axis for the same reason.

An initial reading of depth via core pathway coherence did not survive correction. At equal core
size, proximal-target drugs showed apparently more coherent conserved cores than distal-target drugs under an
initial enrichment procedure; re-deriving the pathway enrichment with honest Benjamini—-Hochberg correction
across the full size-filtered 6,026-pathway library (§2.7) leaves this effect not significant (R? rises from 0.457,
size only, to 0.468 with depth added; AR? = 1.1%, coefficient-test p = 0.234, Mann-Whitney-on-residuals p
= 0.165, n = 77). We therefore do not report “target transcriptional depth organizes core coherence” as a
finding; the full original-versus-corrected comparison is archived in correction-notes.md and Supplementary
Figure S2.
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Target depth has a direct effect on dose-emergence, not on context-robustness. Bypassing
the coherence intermediate entirely, we tested target depth directly against each empirical axis by OLS,
controlling for log(core size) and cell-line coverage (§2.8; n = 157 depth-labelled drugs with both axis
values). Depth has no significant direct effect on context-robustness (core_frac_resid ~ depth
+ log(core size) + n_ cell lines: proximal coefficient p = 0.601, Mann—Whitney-on-residuals p = 0.692,
AR? = 0.8%) — target depth does not organize context-robustness, either through coherence or directly.
Depth does have a real, moderate direct effect on dose-emergence: frac_low (fraction of responsive genes
that are low-dose-emergent) ~ depth + log(core size) + n_ cell_lines gives proximal coefficient = -0.093, p
= 0.0013, Mann-Whitney-on-residuals p = 0.00065, AR? = 6.3% — proximal-target drugs have a lower
low-dose-emergent fraction (fewer genes respond at low dose; equivalently, they show a broader dose range of
activation) than distal-target drugs at matched core size and coverage. This is the paper’s mechanistic-depth
result: target transcriptional depth is linked to dose-emergence, not to context-robustness or to
core coherence.

Core coherence and context-robustness remain positively associated (Spearman = 0.32, p = 6x107%, n = 112),
consistent with both being driven substantially by core size; we make no depth-mediated mechanistic claim
about that association, and read context-robustness and core coherence as reflecting shared size-dependence
rather than a common causal driver.

3.7 What did not replicate

The distal-cores-are-death-driven pattern from an early pilot failed at library scale and is reported as a
negative: across all enriched drugs, distal cores were no more death-enriched than proximal cores (Mann—
Whitney p = 0.72), and the pilot signal traces to small-sample variance in two drugs. We therefore removed
the “distal cores are death-driven” claim entirely.

We also found no selection bias from unlabelled drugs. The 183 depth-unlabelled drugs had marginally
smaller cores and lower raw coherence (p = 0.004, 0.008 under the original uncorrected enrichment), but
this gap disappeared after size correction (residual coherence p = 0.44), and the groups did not differ in
context-robustness (p = 0.53) or enrichable rate. Excluding unlabelled drugs does not bias the depth-axis
relationships reported above in either direction.

3.8 Methodological caveats: the periphery layer, and permutation-based core-gene calibration

The periphery layer (89,649 calls) is not, on inspection, a set of cross-drug “context-dependent response hubs”
— its skeleton is a cell-line-identity /secretome layer, and we surface this as a caveat for anyone reusing
these tables rather than as a biological result. Three baseMean-free diagnostics establish it (Supplementary
Fig S1): the top-100 periphery genes are almost never core in any background (median core-fraction 0.042);
periphery is ~2.2x more concentrated than core; and the hubs are overwhelmingly lineage/secretome markers
(ALB/AFP/AHSG, SOX10/DCT, S100A9, mucins, TFF3/PSGY9). Highly expressed lineage/secretory genes
carry systematic technical fluctuation in pseudobulk DESeq2 log2FC that the consistency statistic misreads
as “inconsistent response.” The practical lesson: pseudobulk log2FC cross-cell-line consistency analyses must
baseMean-decontaminate the low-consistency layer before treating it as biology, and GO-term filtering is not
enough (it misses classic loci like ALB/AFP).

Permutation-null calibration of core-gene calls. The z > 2 (loose) and z > 3 (medium/strict, §2.3)
thresholds used to call a drugxgene “core” were checked against a null-shuffle calibration: an initial scoped
check on 6 drugs, which silently used the function’s loose default (effect > 0.5, z > 2.0), and a full-library
check across all 277 context-robustness drugs (5 independent null replicates per drug) at the manuscript’s
actual reporting stringency (medium: effect > 1.0, z > 3.0, used for core_frac_medium/core_frac_resid
and Figs 2, 3, 5, 6).

At the loose threshold, the null is measurably non-Gaussian and right-skewed (skew = 0.9-1.5; Kolmogorov—
Smirnov/Shapiro-Wilk reject normality at p < 0.001), with z > 2 type-I error running ~1.9x nominal and
implied maximum FDR reaching ~14-45% for robust drugs and >100% of the reported core-gene count for
labile drugs (Simotinib, Hydroxyfasudil). This is a real property of the loose threshold and is retained here
as a caveat on any analysis using it.
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At the manuscript’s actual medium stringency, the full 277-drug recalibration is materially better-calibrated:
253 of 277 drugs (91%) have zero empirical false-core genes across 5 null replicates, the worst case
(Belzutifan) has an implied maximum FDR of 2.5%, and the null-adjusted, residualized ranking correlates
with the reported core_frac_resid ranking at Spearman = 0.99 (n = 277). Bootstrap resampling (200
cell-line resamples) confirms the top- and bottom-ranked illustrative drugs used in Figs 1-3 (Tucidinostat,
Trametinib, Paclitaxel, Panobinostat vs. Simotinib, Pimitespib, Sonidegib) keep their extreme positions and
non-overlapping confidence intervals under this correction. We therefore treat the medium-stringency
context-robustness ranking (Figs 2, 3, 5, 6) as well-calibrated — the loose-stringency calibration
concern applies specifically to analyses run at that looser, non-default setting, not to the manuscript’s headline
reporting stringency. Individual core-gene lists at the loose threshold should still be read as descriptive rather
than FDR-controlled.

3.9 Response strength encodes a known molecular determinant: KRAS and anti-EGFR
resistance (external validation)

Tahoe response recovers the KRAS=EGFR-inhibitor resistance gold standard

EGFR inhibitor: KRAS-mutant lines Holds within organ
a respond less (FDR=0.001) b (not a tissue-type confound)
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Figure 7. External molecular validation. KRAS-mutant cell lines respond more weakly
to the EGFR inhibitor Simotinib (median 0.456 vs 0.628 wild-type; p = 0.0002, FDR =
0.001), consistent with the known KR AS-associated resistance pattern to anti-EGFR therapy
(established for cetuximab/panitumumab in colorectal cancer; here observed with a small-
molecule EGFR inhibitor across multiple organs); the same direction is present within both
lung and colorectal subgroups (informal check, not a joint model).

An earlier attempt to find molecular determinants of targeted-drug response from Tahoe’s own coarse features
(organ + single driver mutation) was a nominal-only negative. Replacing those with DepMap 24Q4 molecular
annotations turns it positive: KRAS-mutant lines respond significantly more weakly to the EGFR
inhibitor Simotinib (median response 0.456 vs 0.628 in wild-type; p = 0.0002, FDR = 0.001), consistent
with the known KRAS-associated resistance pattern to anti-EGFR therapy — established for the monoclonal
antibodies cetuximab and panitumumab in colorectal cancer, where KRAS mutation is a clinical exclusion
criterion [10,11] — here observed with a small-molecule EGFR inhibitor and across multiple organs, not
colorectal cancer specifically. The same direction is present within both the lung subgroup (mutant 0.459
vs wild-type 1.003) and the colorectal subgroup (0.422 vs 0.574) considered separately; this is an informal
within-subgroup check, not a joint statistical model with organ as a covariate, and the per-organ sample sizes
are too small to support a formal interaction test. We state the boundary honestly: of five mutation tests only
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this one is significant (the MEK inhibitor Trametinib’s BRAF/KRAS association is not, plausibly because
transcriptional response magnitude # proliferation inhibition, or because n = 7 BRAF lines is too small).
Screening covered nine targeted drugs in total (seven target-specific plus two broad-mechanism controls
for contrast); of these, three (Simotinib, Trametinib, Volasertib) had a DepMap hotspot-mutation gene
with > 3 mutant lines available, yielding the five drug-mutation pairs tested. This upgrades the biomarker
analysis from an honest negative to an external demonstration, anchored to a known clinical association, that
Tahoe response strength is molecularly interpretable, and provides evidence for using response strength as
a predictive-model ground truth — without claiming to have reproduced the clinical rule itself or to have
formally excluded an organ effect.

As a further descriptive check, context-robustness is unrelated to clinical approval status (approved vs
experimental, p = 0.83, FDR = 0.87) — a drug’s conservation—divergence mode does not determine whether it
reaches market — while experimental drugs show marginally stronger transcriptional responses than approved
drugs (median |log2FC| 0.45 vs 0.42, p = 0.007, FDR = 0.033), consistent with approved libraries containing
many mild, target-specific legacy agents.

4. Discussion

We have shown that drug transcriptional responses in the largest available perturbation atlas admit an
interpretable structural decomposition along two empirical axes that are near-independent (Spearman =
-0.03 for the frac_ low operationalization of dose-emergence; a weak but real = 0.22-0.27 for the continuous
median-emergence-dose operationalization, so “near-independent” is best read as applying most cleanly to
the frac_low reading) — context-robustness and dose-emergence. The core is overwhelmingly drug-specific;
context-robustness is a continuous, pharmacologically sensible drug property; and the shared stress response
reads as two opposite-dose programs whose magnitude is set by mechanism and cell-line background rather
than by nominal dose, though dose’s effect is itself substantially drug-dependent (§3.4). We tested whether
a single mechanistic correlate — target transcriptional depth — organizes a drug’s position on both axes,
and found that it does not: depth has no significant direct effect on context-robustness (either through
the coherence intermediate, which does not survive honest multiple-testing correction, or directly), but it
does have a real, moderate direct effect on dose-emergence (proximal-target drugs have a lower fraction of
low-dose-emergent genes than distal-target drugs; AR? = 6.3%, p = 0.0013, n = 157). Depth is therefore an
axis-specific correlate of dose-emergence, not a shared mechanistic origin for both empirical axes.

Honest positioning. The contribution is deliberately not a predictor. In a field whose published Tahoe-100M
work is dominated by predictive foundation models, “virtual-cell” simulators and their benchmarks, the
systematic quantification of conservation—divergence structure as a drug property is an under-developed
angle rather than virgin territory — data-provider notes have gestured at related decompositions, and we
do not claim priority over the general idea. What we add is a two-axis coordinate system with analysis
code and derived tables openly available, and a scoped, honestly-corrected account of what target depth
does and does not explain about it. The window for descriptive/mechanistic analyses of this specific atlas is
real but time-limited: the data provider, with the Arc Institute and the Biohub, has announced (January
2026 press release) a forthcoming dataset the provider describes as substantially more perturbation-rich than
Tahoe-100M — a company projection of a not-yet-released resource rather than an audited comparison, but
a clear indication that the descriptive ground will keep shifting.

A proposed ground truth for predictive models. The core/periphery split offers a directly useful
evaluation dimension: when a model predicts a drug’s response, is it getting the robust, conserved core right,
or the noisy, context-specific periphery? Scoring predictors separately on core versus periphery — and, given
§3.9, on whether they reproduce response-strength associations with known molecular determinants — would
sharpen a benchmark landscape that currently mixes the two. Any such use of the core/periphery gene lists
should carry the calibration caveat of §3.8: the aggregate context-robustness ranking is comparatively robust,
but individual core-gene lists have not been corrected for multiple testing across the full gene panel and
should be treated as descriptive rather than FDR-controlled.

Limitations. (i) The depth mapping is hand-built. Target transcriptional depth is our own fixed
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proximal/distal /nuclear-receptor assignment of the atlas’s mechanism-of-action labels, prospectively specified
before the library-scale analysis but not a measured quantity; we use causally neutral language (“is associated
with”) and note that a different binning of borderline classes could shift the effect, which — after correction
— is null for context-robustness and modest for dose-emergence (AR? = 6.3%). (ii) Concentration: three
nominal doses give response shape, not dose-response curves; context-robustness carries a real concentration
dependence ( =~ 0.4-0.5 across doses) because a fixed concentration sits at different points on each drug’s
curve — so context-robustness measured at 5 ptM is a property of the response at that concentration, not
a concentration-free constant. (iii) Steady-state snapshot: “late-emerging” cannot be separated from slow
on-target kinetics at a single timepoint. (iv) Periphery contamination: the periphery skeleton is dominated by
lineage/secretome identity and requires baseMean decontamination before biomarker use. (v) The stress-axis
“two programs” reading combines a gene-level low-dose enrichment with a pathway-level high-dose enrichment;
it is a synthesis of two analyses, not a single measured switch, and the mechanism/dose variance partition
itself required a crossed model to expose the drugxdose interaction (§3.4). (vi) The DepMap validation is a
single significant mutation association among five tests screened from nine targeted drugs (§2.9, §3.9); it is
consistent with, but does not itself reproduce, the clinical KRAS/anti-EGFR resistance rule established for
monoclonal antibodies in colorectal cancer, and the organ check is informal rather than a joint statistical
model. (vii) Permutation-based core-gene calling: the z > 2/z > 3 thresholds are not well-calibrated against
a Gaussian null (§3.8); individual core-gene lists carry a material, quantified false-positive risk across the
whole context-robustness spectrum, and should be used as descriptive rankings, not FDR-controlled discovery
sets, until a formal multiple-testing correction across the full ~12,310-gene x 379-drug panel is performed.

Future work. Completing the DepMap expression-feature validation across the nine targeted drugs; a
sensitivity analysis of the depth mapping under alternative class bins; a formal FDR-controlled recalibration of
the core/periphery permutation statistic at full library scale; and building the explicit core/periphery-stratified
benchmark interface for the predictive-modelling community.

Conclusion. On public-domain data with strict confound discipline — including negative and retracted
results reported in full — a drug’s transcriptional response resolves into two largely independent, empirically
grounded axes. Target transcriptional depth is not the shared mechanistic origin of both axes we originally
proposed; it is a real but axis-specific correlate of dose-emergence alone. We offer the two-axis coordinate
system, together with this corrected and more limited account of what target depth explains, as a complement
to the predictive models that currently dominate the use of drug-perturbation atlases.

Data and code availability

Source data. Tahoe-100M is available at the Hugging Face Hub, tahoebio/Tahoe-100M, configura-
tion pseudobulk_differential_expression (CCO 1.0 public-domain dedication). DepMap 24Q4 Pub-
lic is available from the Broad Institute Cancer Dependency Map portal (depmap.org) and Figshare+
(doi:10.25452 /figshare.plus.27993248).

Derived tables (this study). The per-drug results tables are released as supplementary files. Because
these tables are the reusable product of the paper, we document their columns:

e context_robustness.csv — one row per drug. core_frac_medium: fraction of the drug’s responsive
gene calls that are conserved-core at medium stringency (5 pM). core_frac_resid: context-robustness
score = core_frac_medium residualised (OLS) against log response-magnitude and cell-line count; this
is the ranking variable. Higher = more context-robust.

o full50_dose_emergence_summary.csv (50-line) — one row per drug. frac_low: fraction of
responsive genes that are low-dose-emergent; median_emergence_dose (pM): median interpo-
lated dose at half-maximal [log2FC|; saturation_verdict: CLASSIFIABLE / UNCLASSIFI-
ABLE_SATURATED_LOW / LOW_SIGNAL.

e fullb0_stress_axis_drivers.csv (50—line) — one row per drug. stress_baseline: mean stress-axis
magnitude (mean |log2FC| over the 103-gene conservation set) across samples; dose_slope: within-drug
slope of stress magnitude on log-dose.

o full50_axis_projection.csv (50-line) — one row per (drug, cell line, concentration): axis_mean_abs,
axis_mean_signed, nonaxis_mean_abs — the per-sample stress-axis projections underlying the vari-
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ance decomposition.

o axis_orthogonality.csv — the merged per-drug table (context-robustness residual x dose-emergence)
plotted in Figure 5.

o orthogonality_coverage_sensitivity.csv — the axis-independence correlations (frac_low and
median__emergence_dose versus context-robustness residual) recomputed on the all-drugs, >48-line,
and full-50-line coverage subsets underlying §3.5 and Figure 5’s coverage caveat.

e enrichment_metrics_corrected.csv — one row per drug: core size, BH-corrected core coherence
(coherence_corrected, re-derived across the full 6,026-set pathway library per drug, superseding the
originally released enrichment_metrics.csv), target-depth tier, and the covariates (core_frac_resid,
n_cell_lines, frac_low) used in the direct depth-vs-axis regressions of §3.6.

o depmap_mutation_response_assoc.csv — one row per (drug, gene) mutation test: mutant/wild-type
median response, Mann—Whitney p, BH-FDR.

o tahoe_stress_axis_variance_partition_corrected.csv — the Type I/II/III stress-axis variance-
partition table (§3.4).

e calibration_typel_error_check.csv, calibration_qq_zscore_normality_check.csv, calibration_
bootstrap_core_stability.csv, and calibration_check_summary.csv (a per-drug merge of the
preceding three) — the four permutation-calibration diagnostic tables (type-I error, QQ/normality,
bootstrap stability; §3.8).

Code. The analysis scripts (streaming pseudobulk aggregation, cross-cell-line consistency statistic, dose-
emergence classifier, stress-axis decomposition, enrichment/coherence, DepMap association, and figure
generation), together with the post-review remediation scripts that produced the corrected tables above,
are archived on Zenodo: https://doi.org/10.5281/zenodo.21449974 (concept DOI, always resolves to the
latest version; the current version is v2, DOI https://doi.org/10.5281/zenodo.21531168). Tahoe pseudobulk
aggregation is a streaming pass over the 1,026 shards; the 50-line dose-emergence and stress-axis tables were
produced by re-aggregating the per-(drug, gene, cell-line, concentration) means built for the context-robustness
analysis. Derived outputs and analysis code are available as described above; one gap is documented rather
than hidden: the full-scale 50-line re-aggregation script was run on a remote host whose working directory
was later cleared and could not be recovered verbatim, and some figure-generation scripts required import
fixes to run standalone outside their original environment — the known aggregation parameters are recorded
in the archive’s README in its place, and this is noted here rather than described as fully reproducible
end-to-end.
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Figures

Figure 1 — Conceptual overview: the two empirical axes, data scale, and method.

Figure 2 — Context-robustness ranking and the core/periphery landscape (50 cell lines).

Figure 3 — Context-robustness is a continuous, unimodal spectrum.

Figure 4 — Dose-emergence and the stress axis at full 50-cell-line scale: crossed variance partition (drug
identity and cell-line background dominate over nominal dose, but dose’s effect is itself drug-dependent),
mechanism-class stress ranking (descriptive), and the dose-emergence distribution.

Figure 5 — The two response axes are near-independent ( = -0.03, n = 268).

Figure 6 — Target transcriptional depth has a direct effect on dose-emergence (proximal coefficient
=-0.093, p = 0.0013, n = 157) and no direct effect on context-robustness (p = 0.601); the originally
reported coherence-depth link does not survive honest multiple-testing correction and is retracted
(Supplementary Figure S2).

Figure 7 — DepMap external validation: KRAS mutation and weak Simotinib response.
Supplementary Figure S1 — Periphery-hub diagnostic (methodological caveat): the periphery layer
tracks cell-line identity.

Supplementary Figure S2 — Coherence—depth relationship, original (uncorrected) versus BH-
corrected across the full pathway library; shows the basis for the §3.6 retraction of the coherence—depth
claim.
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Supplementary

Periphery-hub diagnostic: the periphery skeleton tracks cell-line identity, not context-dependent drug response

Top periphery genes are almost never core
a (median core-fraction of top-100 periphery genes: 0.042)
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Supplementary Figure S1. Periphery-hub diagnostic. Top periphery genes are almost never
core in any background (median core-fraction 0.042) and are ~2.2x more concentrated than
core, and are dominated by lineage/secretome markers — the periphery skeleton tracks cell-line
identity, not context-dependent drug response. This is a methodological caveat for reuse of the
periphery tables, not an independent biological result.

Core coherence vs. core size, by target-depth tier: original vs. corrected BH procedure

Original (select-then-BH) n=168

Corrected (BH over full 6,026) n=77
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Supplementary Figure S2. Coherence—depth relationship, original versus BH-corrected. Co-
herence versus core size by target-depth tier under the originally reported (uncorrected,
overlap-then-BH) enrichment procedure (left) and under the corrected procedure that BH-
corrects across the full 6,026-pathway library per drug (right). The proximal/distal separation
visible on the left collapses once the correction is applied honestly (right; Mann—Whitney on
size-adjusted residuals p = 0.165, n = 77) — this is the basis for the §3.6 retraction.
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