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Materials and Methods

Cell Culture

AS549 cells and K562 cells were a kind gift from Dr. Robert Bradley (UW) and Dr. David
Hawkins (UW), respectively. MCF7 (cat no. HTB-22), NIH3T3 (cat no. CRL-1658) and
HEK293T (cat no. CRL-11268) cells were purchased from ATCC. A549 and MCF7 cells were
cultured in DMEM (ThermoFisher, 11995073) media supplemented with 10% FBS
(ThermoFisher, cat no. 26140079) and 1% penicillin-streptomycin (ThermoFisher, 15140122).
K562 cells were cultured in RPMI 1640 (Fisher Scientific, cat no. 11-875-119) supplemented
with 10% FBS and 1% penicillin-streptomycin and maintained between 0.2-1 x 10 cells/ml. All
cells were cultured at 37C with 5% CO2. Adherents cells were split when they reached 90%
confluence by washing with DPBS (Life Technologies, cat no. 14190-250), trypsinizing using
TryPLE (Fisher Scientific, cat no. 12-604-039) and split at either 1:4 (MCF7) or 1:10 (A549,
NIH3T3 and HEK293T).

Compound Preparation

Dexamethasone was purchased from Sigma-Aldrich and resuspended in molecular biology grade
ethanol (Fisher Scientific). BMS-345541 (S8044), Vorinostat (S1047), and Nutlin-3a (S8059)
were acquired from Selleck Chemicals and resuspended in DMSO (VWR Scientific, 97063-136).
Cherry-picked 96-well compound screens were acquired from Selleck Chemicals resuspended to
10 mM in DMSO (Table S3). Compounds were diluted in their respective vehicle to 1000x of
their desired treatment concentration and stored at -80C until use.

Drug treatment

For 96-well experiments, adherent cells were trypsinized, washed with PBS and plated in tissue
culture treated 96 well flat bottom plates (Thermo Fisher Scientific, cat no. 12-656-66) at 25,000
cells per well in 100 pL of media. Suspension cells were washed with PBS and plated in 96 well
V-bottom tissue culture plates (Thermo Fisher Scientific, cat no. 549935) at 25,000 cells per well
in 100 pL of media. Cells were allowed to recover for 24 hours before treatment with 1 pL of a
1:10 dilution of the appropriate compound or vehicle in PBS to maintain a vehicle concentration
of 0.1% for all wells. Cells were then exposed to small molecules at the specified concentration
for either 24 or 72 hours. For experiments where cells were co-treated with HDAC inhibitors and
either acetate, pyruvate, citrate, ACSS2 inhibitor (EMD Millipore Inc., Cat No. 533756,), ACLY
inhibitor (Cayman Chemicals, BMS-303141 Cat No. 943962-47-8) or PDH inhibitor (Cayman
Chemicals, Cat No. 504817), cells were treated 24 hours after plating and harvested after 24
hours. In this set of experiments, all wells contained a final concentration of 0.2% DMSO to
match treatment with both the HDAC inhibitor and inhibitors of metabolic processes.

CellTiter Glo

A549, MCF7 and K562 cells were seeded in 96 well plates, allowed to attach for 24 hours and
treated with BMS345541, dexamethasone, nutlin-3A, SAHA, as described above. 24 hours post
treatment, plates were allowed to reach room temperature and viability estimated using the
CellTiter-Glo viability assay (Promega) according to manufacturer’s instructions. Luminescence
was recorded using a BioTek synergy plate reader. For each drug treatment luminescence
readings were normalized to the average luminescence intensities of vehicle DMSO treated
wells.



Cell counts of bosutinib exposed cells

A549, MCF7 and K562 cells were seeded in 12 well plates at 2.8 x 10: cells per well. After 24
hours to allow for A549 and MCF7 attachment, cells were exposed for 24 hours to 0.1, 1 and 10
UM bosutinib or DMSO vehicle control. After treatment, adherent cells were detached using
TrypLE or directly resuspended in 1 mL of media and cells counted on a Countess II FL.
automated cell counter (ThermoFisher).

Cancer cell line encyclopedia and connectivity map data and analysis

Pharmacological profiling data was downloaded from the Cancer cell line encyclopedia (CCLE)
data portal (https://portals.broadinstitute.org/ccle/data). Data was the isolated and plotted for cell
line of haematopoietic and lymphoid, lung and breast tissue origin exposed to the Abl inhibitors
AZDO0530 and nilotinib. Connectivity map (CMAP) data was downloaded from the CLUE
command app in the CMAP data portal (https://clue.io/command?qg=/home). Top connections
and connectivity scores (obtained using the /conn command) were exported between the MEK
inhibitor perturbagen class (CP_ MEK INHIBITOR) and HSP inhibitor perturbagen class
(CP_HSP_INHIBITOR) across all cell lines (Summary) or individual cell lines that overlap with
our study (A549 and MCF7). Results were then filtered for data from inhibitor exposure. To
determine how connectivities change across all vs. individual cell lines, we filtered for the top
connections that overlap with the connectivity summary in data from individual cell lines.
Connectivity scores were subjected to a threshold value of 90 as in the associated CMAP study

(1.

Flow cytometry

A549 and MCF7 cells were seeded in 6 cm dishes at 1.6 x 10r cells per plate. K562 cells were
seeded in T25 cm? flasks at 1.6 x 10¢ cells per flask. After 24 hours to allow for A549 and MCF7
attachment cells were exposed for 24 hours to 10 uM abexinostat, 10 uM pracinostat or DMSO
as a vehicle control. After treatment cells were harvested as described above, pellets washed
twice in PBS, resuspended in 500 pL of cold PBS and fixed by the addition of 5 mL of ice-cold
ethanol while vortexing at low speed. Cells were stored at -20C prior to processing for flow
cytometry analysis. For flow cytometry, ethanol was removed and fixed cells washed twice with
PBS containing 1% BSA (PBS-B) and blocked for 1 hour at room temperature. Then, blocking
buffer was removed and cells were incubated in PBS containing 1% BSA and 0.1% tryton X-100
(PBS-BT) as well as a 1:500 dilution of mouse anti-acetyl-lysine antibody (cat no. ICP0390,
ImmuneChem Pharmaceuticals Inc) for 2 hours at room temperature. After incubation, cells were
washed twice with PBS-BT and incubated with goat anti-mouse Alexa-647 in PBS-BT for 1 hour
at room temperature. Lastly, cells were washed twice with PBS-BT, once with PBS-B and
resuspended in PBS-B containing 5 pg/ml Hoechst 33258 (Life Sciences Technologies) to stain
the DNA. Then the levels of total acetylated-lysine and DNA content was analyzed by flow
cytometry on an LSRII flow cytometer (BD Biosciences). Quantification and downstream
analysis was performed using FlowJo10 (FlowJo.LLC).

Cell harvest, nuclei isolation and sample hashing

For the harvest of adherent cells, media was removed, and cells were rinsed with 100 pL of
DPBS and tryspinized with 50 pL of Tryp-LE for 15 minutes at 37C. Once cells had detached
from the culture plate, the reaction was quenched with 150 pl of ice-cold DMEM containing
10% FBS. Cell suspensions were generated by pipetting and the entire volume was transferred to




a 96 well V-bottom plate. Cells were then pelleted by centrifugation at 300 x g for 6 minutes,
washed with 100 pL of ice-cold DPBS and re-pelleted at 300 x g for 6 minutes.

Lysis was conducted in the 96 well V-bottom plate. Following removal of PBS, cell suspensions
were lysed and labeled with 50 pL of cold lysis buffer (10 mM Tris-HCI, pH 7.4, 10 mM NaCl,
3 mM MgCl2, 0.1% IGEPAL CA-630) (24) supplemented with 1% Superase RNA Inhibitor
and 400 femtomoles of hashing oligo of the form 5’-
GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAG-[10bp-barcode]-
BAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA-3 where Bis G, C or T (IDT). For
the large compound screen, 500 femtomoles of an additional oligo was used to uniquely index
each 96 well treatment plate. After lysis with 3 strokes of multichannel pipette, cells were fixed
by addition of 200 pL of fixation buffer (5% Paraformaldehyde, 1.25x PBS ). Nuclei were then
fixed on ice for 15 minutes before pooling into a trough. Nuclei were pooled by plate into a 50
mL conical tube and pelleted by centrifugation at 500 x g for 5 minutes. Subsequently, cells were
resuspended in 500 pL of nuclei suspension buffer (NSB; (10 mM Tris-HCIL, pH 7.4, 10 mM
NacCl, 3 mM MgCl2, 1% Superase RNA Inhibitor, 1% 0.2mg/mL Ultrapure BSA)). Finally,
nuclei from all plates were pooled into a single conical tube and nuclei were pelleted by
centrifugation at 500 x g for 5 minutes. Nuclei were then resuspended in ImL of NSB and flash
frozen into liquid nitrogen in 100 pL aliquots. Nuclei were then stored at -80C until further
processing with sci-RNA-seq.

Preparation of sci-RNA-seq?2 libraries

Frozen nuclei were thawed over ice and spun down at 500g for 5 minutes. Cells were then
permeabilized in permeabilization buffer (NSB + 0.25% Triton-X) for 3 minutes and then spun
down. Following another a wash in NSB, two-level sci-RNA-seq libraries prepared as previously
described (25). Briefly, nuclei were pelleted at 500 x g for 5 minutes, and resuspended in 100 pL
of NSB. Cell counts were obtained by staining nuclei with 0.4 % trypan blue (Sigma-Aldrich)
and counted using a hemocytometer. 5000 nuclei in 2 pL. of NSB and 0.25 pL of 10 mM dNTP
mix (Thermo Fisher Scientific, cat no. R0193) were then distributed onto a skirted twin.tec 96
well LoBind plate (Fisher Scientific, cat no. 0030129512) after which 1 pL of uniquely indexed
oligo-dT (25 uM)(25) was added to every well, incubated at 55C for 5 minutes and placed on
ice. 1.75 pL of reverse transcription mix (1uL of Superscript IV first-strand buffer, 0.25 pL of
100 mM DTT, 0.25 pL of Superscript IV and 0.25 pL of RNAseOUT recombinant ribonuclease
inhibitor) was then added to every well and plates incubated at 55C for 10 minutes and placed on
ice. 5 uL of stop solution (40 mM EDTA, 1 mM spermidine and 0.5% BSA) were added to each
well to stop the reaction. Wells were pooled using wide bore tips, and nuclei transferred to a flow
cytometry tube through a 0.35 um filter cap and DAPI added to a final concentration of 3 uM.
Pooled nuclei were then sorted on a FACS Aria II cell sorter (BD) at 150 cells per well into 96
well LoBind plates containing 5 uL. of EB buffer (Qiagen). After sorting, 0.75 pL of second
strand mix (0.5 pL of mRNA second strand synthesis buffer and 0.25 pL. of mRNA second
strand synthesis enzyme, New England Biolabs) were added to each well, second strand
synthesis performed at 16C for 150 minutes. Tagmentation was performed by addition of 5.75
pL of tagmentation mix (0.01 pL of a custom TDE1 enzyme in 5.74puL 2x Nextera TD buffer,
Illumina) and plates incubated for 5 minutes at 55C. Reaction was terminated by addition of 12
pL of DNA binding buffer (Zymo) and incubated for 5 minutes at room temperature. 36 uL of
Ampure XP beads were added to every well, DNA purified using the standard Ampure XP




protocol (Beckman Coulter) eluting with 17 pL. of EB buffer and DNA transferred to a new 96
well LoBind plate. For PCR, 2 pL of indexed P5, 2 pL of indexed P7 (25) and 20 pL of
NEBNext High-Fidelity master mix (New England Biolabs) were added to each well and PCR
performed as follows: 75C for 3 minutes, 98C for 30 seconds and 18 cycles of 98C for 10
seconds, 66C for 30 seconds and 72C for 1 minute followed by a final extension at 72C for 5
minutes. After PCR, all wells were pooled, concentrated using a DNA clean and concentrator kit
(Zymo) and purified via a 0.8X Ampure XP cleanup. Final library concentrations were
determined by Qubit (Invitrogen), libraries visualized using a TapeStation D1000 DNA Screen
tape (Agilent) and libraries sequenced on a Nextseq 500 (Il1lumina) using a high output 75 cycle
kit (Read 1: 18 cycles, Read 2: 52 cycles, Index 1: 10 cycles and Index 2: 10 cycles).

Preparation of sci-RNA-seq3 libraries

Frozen nuclei were thawed as before and three-level sci-RNA-seq libraries prepared as described
in (21). Nuclei were pelleted at 500 x g for 5 minutes, washed three times with NSB and a small
aliquot of nuclei stained with 0.4 % trypan blue (Sigma-Aldrich) and nuclei counted using a
hemocytometer. 80000 nuclei in 22 uL. of NSB, 2 puL of 10 mM dNTP mix and were then
distributed into a skirted 2 pL of ligation compatible indexed oligo-dT primers were distributed
into each well of 96 well LoBind plates, incubated at 55C for 5 minutes and placed on ice. 14 pL
of reverse transcription mix (8uL of Superscript IV first-strand buffer, 2 uL. of 100 mM DTT, 2
pL of Superscript IV and 2 uLL of RNAseOUT recombinant ribonuclease inhibitor) was then
added to every well and RT performed on a thermocycler using the following program: 4C for 2
minutes, 10C for 2 minutes, 20C for 2 minutes, 30C for 2 minutes, 40C for 2 minutes, 50 for 2
minutes and 55C for 15 minutes. After RT, 60 pL of nuclei buffer containing BSA (NBB, 10
mM Tris-HCI, pH 7.4, 10 mM NaCl, 3 mM MgCI2 and 1% BSA) were added to each well,
nuclei pooled using a wide bore tip, nuclei pelleted by centrifugation at 500 x g for 10 minutes
and the supernatant removed. A second round of combinatorial indexing was performed by
ligation of indexed primers onto the 5’ end of RT indexed cDNA. Nuclei were resuspended in
NSB and 10 pL added to each well of 96 well LoBind plates after which 8 uL of indexed
ligation primers were added to each well along with 22 pL of ligation mix (20 pL of Quick
ligase buffer and 2 pL of Quick ligase, New England Biolabs). Ligation was then performed at
25C for 10 minutes. After ligation, 60 uL. of NBB were added to each well, nuclei pooled using a
wide bore tip, another 40 mL of NBB added to the nuclei and nuclei pelleted by centrifugation at
600 x g for 10 minutes and the supernatant removed. Nuclei were then washed once with 5 mL
of NBB, resuspended in 4 mL of NBB, multiplets removed by filtering using a 40 um Flowmi
cell strainer (Sigma-Aldrich), nuclei counted and 5000 nuclei were distributed per well into 96
well LoBind plates in a 5 uL volume. Plates containing nuclei were frozen and stored at -80C
until further processing. After thawing the frozen plate 5 uL of second strand synthesis mix (3
uL of elution buffer, 1.33 pL mRNA second strand synthesis buffer and 0.66 pL of mRNA
second strand synthesis enzyme) were added to each well and incubated at 16C for 3 hours.
Tagmentation was performed by addition of 10 puL of tagmentation mix (0.01 pL of a custom
TDEI enzyme in 9.99uL of 2x Nextera TD buffer, [llumina) and plates incubated for 5 minutes
at 55C. After tagmentation, 20 pL. of DNA binding buffer was added to every well and plates
incubated at room temperature for 5 minutes. 40 pL. of Ampure XP beads were then added to
each well and plates incubated for 5 minutes at room temperature. Upon isolation of beads using
a magnetic stand, supernatant was removed and beads were washed twice with 80% ethanol. 10
pL of USER reaction mix (1 pL of 10X USER buffer and 1 pL of USeR enzyme in nuclease-free




water, New England Biolabs) was then added to each well and beads resuspended and incubated
at 37C for 15 minutes. After incubation, 7 puL of elution buffer were added to each well and
supernatant transferred to a new 96 well LoBind plate after binding beads on a magnetic stand.
After incubation at 85C for 10 minutes, libraries were generated with 15 cycles of PCR.
Following PCR amplification, sequencing library was purified by first concentrating ImL of
PCR library using a 1x Ampure cleanup and then running the resulting product on a 2% agarose
gel containing ethidium bromide. Gel was cut to isolate 2 fragments, hash molecules (220bp -
250bp) and RNA library (250bp - 1000bp). Following gel extraction and an additional 1x
Ampure cleanup RNA libraries were sequenced on a NovaSeq 6000 (Illumina) (Read 1: 34 bp,
Read 2: 100 bp, Index 1: 10 bp and Index 2: 10 bp) and hash libraries were sequenced on a 75
cycle NextSeq (Read 1: 34 bp, Read 2: 38 bp, Index 1: 10 bp and Index 2: 10 bp).

Preparation of bulk RNA sequencing libraries

Compound treated cells were first trypsinized and harvested as described previously. Cells were
then lysed in V-bottom plates using 26 pL of NSB. 2 pL of 25 uM indexed RT primers were
added and annealed at 65C for 5 minutes. Subsequently, RT reaction was performed using the
SuperScript IV system, with 8uL of 5x SuperScript Buffer, 2uL of SuperScript IV, 2ul. 10 mM
dNTP mix, 2uL of 100 mM DTT and 2 pL. of RNAseOUT recombinant ribonuclease inhibitor
per well.. Reaction was performed for 10 minutes at 55C and subsequently stopped via heat
inactivation (80C for 10 minutes). Libraries were then pooled and excess RT primer was
removed through either two 0.7x SPRI clean-ups or a single 0.7x SPRI cleanup followed by Exo-
1 treatment and inactivation. Double stranded DNA was produced through incubation at 16C for
3 hours with second strand synthesis mix containing 0.5 pL of enzyme and 2 pL of second strand
reaction buffer in a final volume of 20 pL. Following second strand synthesis, libraries were
tagmented with 1 pL. of commercial Nextera reagent with 20.5 uL of 2x TD buffer and .
Reactions were stopped with 40 uLL of Zymo Clean and Concentrate buffer and incubated at
room temperature for 5 minutes. Libraries were subsequently purified with a 1x SPRI cleanup
and eluted in 16 pL of elution buffer. Sequencing libraries were generated through PCR with 2
uL of index P7 and P5 primers each and 20 pL of 2x NEB Next Master Mix. Finally, libraries
were pooled, purified with a 1x SPRI cleanup and quantified. Libraries were sequenced on a
Nextseq 500 (Il1lumina) using a high output 75 cycle kit (Read 1: 18 cycles, Read 2: 52 cycles,
Index 1: 10 cycles and Index 2: 10 cycles).

Pre-processing of sequencing data

Sequencing runs were first demultiplexed using bcl2fastq v.2.18. Only barcodes that matched
reverse transcription indices within an edit distance of 2 bp were retained. For sci-RNA-seq3
libraries, barcodes which matched both provided reverse transcription indices and ligation
indices within an edit distance of 2 bp were retained. Following assignment of indices, polyA
tails were trimmed using trim-galore, and reads were mapped to a human transcriptome (hg-38)
or human-mouse transcriptome (hg-38 and mm-10) using the STAR aligner. Following
alignment, reads were filtered for alignment quality, and duplicates were removed. Reads were
considered duplicates if they (1) mapped to the same gene, (2) mapped to the same cell barcode
and (3) contained the same unique molecular identifier (UMI). Reads that met the first two
criteria, and differed by an edit distance of 1 from a previously observed UMI were also marked
as duplicates and discarded. Non-duplicate reads were assigned to genes using bedtools (40) to
intersect with an annotated gene model. All 3' UTRs in the gene model were extended by 100 bp




to account for the possibility that some gene 3' UTR annotations may be too short, causing genic
reads to improperly be annotated as intergenic. Cell barcodes were considered to correspond to a
bona fide cell if the number of unique reads associated with the barcode was greater than an
interactively defined threshold on a knee plot. Reads from cells that passed this UMI count
threshold were first aggregated into a sparse matrix format and then loaded and saved as a CDS
object for analysis with Monocle 3.

Assigning sample labels from hash reads

Demultiplexed reads that matched combinatorial indexing barcodes were examined to identify
hash reads. Reads were considered hash reads when they met two criteria: (1) the first 10 bp of
read 2 matched a hash barcode in the experiment within an edit distance of two and (2) contained
a polyA track between base pairs 12 to 16 of read 2. These reads were then deduplicated by cell

barcode and collapsed by UMIs to create a vector Piof hash oligo UMI counts for each nucleus %
in the experiment.

To assign each nucleus 7 to the culture well from which it came, we test whether its sci-RNA-seq
library is enriched for a particular hash barcode. We compare a nucleus’s hash UMIs against a
‘background distribution’, which under ideal circumstances, would be the uniform distribution.
In practice, minor variation in concentrations of hash oligos added to each well of liberated
nuclei may necessitate empirically estimating the background. To do so, we simply average the
relative hash UMISs from cell indices for which fewer than < mRNA UMIs were collected,
reasoning that these reflect library contributions from RT well supernatant, debris fragments, etc.

We then compare the hash UMIs T; for nucleus 7 to this background by a chi-squared test. After
correcting the resulting p values for multiple testing by Benjamini-Hochberg, we reject the null

hypothesis that D originates from the background distribution at specified FDR (5% FDR was
used in this study). Those nuclei with hash counts deemed different than background are then
evaluated for enrichment for a single hash sequence. Enrichment ratios were calculated as the
UMI count ratio of the most abundant vs. the second most abundant hash oligo. Specifically, if
the UMI count for the most abundant hash in nucleus % is a-fold higher than the second most
abundant, 7 is marked as a singleton. & was determined on a per-experiment basis by examining
the distribution of these ratios and choosing a value that separated unlabeled cells and singularly
labeled cells. Cells that fell below a-fold enrichment of a unique hash oligo were flagged as a
multiplet or debris and discarded.

Dose-response analysis

Dose-response analysis was conducted in R using the drc package (41) by fitting a four-
parameter log-logistic model for each drug to the number of cells recovered in the single-cell
RNA-seq data at each dose. Cells that survived doublet analysis and QC were grouped by their
culture well of origin and counted. These counts were then adjusted to account for variation in
recovery as a function of cell type and culture plate as follows. The vector Zof cell counts across
wells were fit with the model

In(z;) = Bo + Butr + - + Beputm + Buwy w1 + - .. + Bu, Wn




Where ti and Wi are binary indicator variables encoding the cell type and culture plate,

respectively. The adjusted cell counts for a given well J from culture plate P of cells of type &
are then computed as

Tj;=2T; — eXp(ﬁtktk + Bwpwp)

Next, adjusted per-well cell counts were grouped by type and drug and passed as input to the
drm() function of the drc package with a model formula ‘cell _count ~ log dose’ and the LL.4()
model family function. This procedure fits the model:

d—c
1 +exp(b(lnz — Ine))

In the above model, the parameters ¢ and d correspond to the lower and upper asymptotic limits
of the response, respectively. The steepness of the response curve is reflected in b, and €is a
parameter that encodes the half-maximal ‘effective dose’ (ED50).

f(x;b,c,d,e) =c+

The dose response curves enable cells to be annotated according to the impact of their culture
conditions on viability. Each cell is assigned a ‘viability score’ which is simply the expected
fraction of vehicle cells remaining after exposure to a given dose of a compound. These cell
counts are generated via the predict() function of the drc package and then normalized relative to
the corresponding vehicle control.

Dimensionality reduction and trajectory analysis

Gene expression profiles were visualized with Monocle 3, which uses UMAP to project them
into a two or three dimensional space. Briefly, Monocle 3 first calculates size factors for every
cell. Size factors were calculated as the log UMI counts observed in a single cell divided by the
geometric mean of log UMI counts from all measured cells. After scaling each nucleus’ UMI
counts by its library size factor, Monocle3 adds a pseudocount of 1, and log transforms the
counts. Next, these log-transformed profiles are projected onto the top 25 principal components.
These PCA coordinates were transformed by Monocle 3 (using an approach similar to the
removeBatchEffect() function in the limma package (42)) according to the model ‘~ log(UMIs) +
replicate’ (Figure 3) or ‘~ log(UMIs) + viability + proliferation index + replicate’ . Adjusted
PCA coordinates for each cell are used to initialize UMAP. Unless otherwise noted, UMAP was
run with the following parameters: 50 nearest neighbors, min_dist = 0.1, inter-cell distance
assessed by cosine similarity. UMAP projection of cells after dual HDAC inhibition and acetyl-
COA precursor supplementation or acetyl-CoA generating enzyme inhibition was performed as
described with the exception that PCA initialization was performed on the top 1000 most
overdispersed genes. Louvain community detection was then performed on this UMAP space
using the python package ‘louvain’. Trajectory reconstruction was then performed as described
in (21).

To determine whether cells exposed to a particular compound/dose combination displayed an
enrichment along UMAP space we created contingency tables of the number of compound or
vehicle treated cells within and outside clusters and used the stats R package implementation of
Fisher’s exact test to test for enrichment. For visualization of drug enrichment in Figure 3B,



cells opacity was added to cells under the minimum compound/dose that passed meet an
enrichment cutoff of FDR < 1% and a log2 of the odds ratio > 2.5. Cells that passed these filters
were used to generate the heatmap of the fraction of enriched cells by cluster in Figure S6.

Estimation of Proliferation Index

To obtain an estimate of proliferation index for a single cell, size factor normalized expression of
cell cycle marker genes (from Table S5 in (43)) were summed for each cell and logged. Scores
were calculated in this way for both G1S and G2M. “Proliferation Index” refers to overall
proliferative state of a cell and is calculated as the logged sum of the aggregated G1S and G2M
gene expression.

Differential expression analysis

To test whether a gene is differentially expressed by a cell line in a dose-dependent manner when
exposed to a compound, we fit its (library size-factor adjusted) UMI count recorded from each
nucleus with a generalized linear model:

In(y;) = Bo + Bad

Where Yi is a quasipoisson-valued random variable, d is the log-transformed dose of the
compound being evaluated. We fit these models with Monocle 3, which uses the speedglm
package. To fit the regression model for each drug’s effect on each gene, we first identify the
subset of cells that are relevant for the model. To determine the effects on gene G in cells of type
C when treated with drug D, we include all cells of type C that were treated with any dose of D.
To these, we add cells of type C that were treated with the vehicle control. We then fit a model
defined above relating the expression level of G across all of these cells. Genes are deemed to be

dose-dependent differentially expressed genes (DEGs) if their fitted models include a term ﬂd
that is significantly different from zero as assessed by a Wald test (Benjamini-Hochberg adjusted

p <0.05 ). P values for /Bd terms are pooled across all compounds and all genes prior to
correction for multiple testing.

To assess a gene for differential expression as a function of ‘pseudodose’ w in the consensus
HDAC inhibition trajectory, we fit a model

In(y;) = 51;& + Bec+ 501;77130 + B d1 + ...+ Ba, di

Where Yi is a quasipoisson variable capturing the gene’s UMI counts, ¢ encodes the pseudodose
values smoothed via a natural spline, Cis a factor encoding the cell type, and p ctp captures the
interaction between cell type and pseudodose. The term d;j“j encodes the (log) dose dependent

effects of compound J.

Pairwise correlation of screened compounds
To identify compounds that result in similar dose-dependent changes to cellular transcriptomes
we calculated the Pearson correlation between every pairwise set of compounds. We created a




gene by compound matrix for the union of dose-dependent genes across all compounds where

each entry is the beta coefficient for the dose dependence term /Bd and ten calculated the Pearson
correlation for every drug pair using the cor.test() function in the R stats package specifying to
use complete observations. The resulting correlation matrix was then hierarchically clustered
using the pheatmap package in R. The significance of every pairwise correlation was determined
using the corr.test() function from the psych package in R specifying Benjamini-Hochberg as the
method for adjusting for multiple hypothesis testing.

Geneset enrichment analysis

After fitting a generalized linear model, genes that had significant coefficients (5% FDR
threshold) were used for gene set enrichment analysis with the R package piano (44). Briefly,
gene sets were ranked according to the set-wide average Wald test statistic corresponding to the
generalized linear model term being evaluated with piano’s runGSA() function. Genes were
randomized across sets to establish a null distribution for each set’s rank. After 10000
permutations, runGSA() computed p values using the 'mixed' directional enrichment policy.. The
top gene sets, corresponding to those with the largest magnitude enrichment statistic, were
chosen for visualization.

Alignment of HDAC inhibitior treated cells

To organize cells treated with HDAC inhibitors into a trajectory cells were sampled to equalize
the number of cells represented between the three cell lines or between treatments at 24 and 72
hrs. Next, PCA coordinates were computed jointly, and then aligned using the mnnCorrect
function from the package scran (32). These adjusted coordinates were used to initialize UMAP
in Monocle 3. We then fit a principal graph to the data via lean_graph(). To define the origin of
the trajectory, we mapped each cell to its nearest principal graph node, and then selected all
principal graph nodes for which a majority of mapped cells were treated with vehicle. All other

cells’ pseudodoses 1/) was measured as the geodesic distance between their nearest principal
graph node to an origin node.

To quantify the potency of each HDAC inhibitor, we first grouped all cells from each replicate
according to treatment and dose, and then computed the mean pseudodose for each cell. We then
fit mean pseudodose values as a function of compound concentration using the drc package (47).
We used a four-parameter log-logistic model, with the maximal response fixed at the highest
pseudodose value achieved across all compounds and doses. We then take the model parameter €
as described in the 'dose response analysis' section above as the transcriptional EC50 (TC50) for
each compound.
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Supplementary Figure 1. Hashing with short, polyadenylated single-stranded
oligonucleotides enables stable, low-cost labeling of nuclei for sci-RNA-seq and subsequent
doublet detection. A) Fluorescent microscopy images demonstrating lack of Alexa 647-
conjugated oligo staining (right) of unpermabilized H3-GFP*" NIH3T3 cells (left). B) Design of
polyadenylated hash oligos (top) and indexed primer used for reverse transcription (bottom). C)
Number of hash UMIs detected per cell. Cells with fewer than 10 hash UMIs (red line) were
excluded from further analysis. D) Distribution of enrichment ratios for cells. Enrichment ratios
were calculated as the UMI count ratio of the most abundant vs. the second most abundant hash
oligo. An enrichment ratio cutoff of 15 (red line) was used to distinguish doublets vs. singlets. E)
Boxplot of the number of cells recovered per well for each cell line. F) Layout of culture plate
wells with color indicating number of cells recovered and outline indicating cell line. Note that
although more NIH3T3 cells were recovered per well, similar numbers of cells were recovered
across wells of each cell type. G) Log-scale per-gene aggregated, size-factor normalized UMI
counts recovered from sci-RNA-seq on fresh vs. frozen preparations. Size factors are calculated
as the log counts observed in a single cell divided by the geometric mean of log counts from all
measured cells. Black line indicates y = x. Red line is the fit with Pearson correlation shown. H)



Log-scale boxplot of number of hash UMIs recovered from sci-RNA-seq of HEK293T (human)
or NIH3T3 (mouse cells) from fresh vs. frozen preparations. I) Theoretical (red bars) vs.
observed (black dots for individual wells and blue bars for means) doublet rate as a function of
the number of nuclei sorted into the final plate during sci-RNA-seq. J) Barnyard plot from
Figure 1E after removal of doublets detected by hashing. K) Log-scale boxplot of number of
RNA UMIs in singlet vs. doublet cells, as called based on the purity of hash UMIs. Of note,
these are ‘within species’ doublets, i.e. human-human or mouse-mouse, which are not readily
detected by conventional barnyard experiments.
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Supplementary Figure 2. sci-Plex distinguishes transcriptional responses of A549 cells to
four small molecules and recovers dose-response estimates similar to established assays.
A) Experimental layout of A549 cells in 96 well plates. Cells were treated for 24 hours in two 96
well plates using 7 doses (or vehicle) arrayed along each column. B) Cells that contained more
than 30 hash oligo UMIs and C) had an enrichment ratio of greater than 10 were retained. D)
Retained cells had a median hash UMI count of 78 and median RNA UMI count of 4,681. E)
UMAP embedding of chemically perturbed A549 cells, equivalent to Figure 2B but with cells
colored by whether they were treated with vehicle or one of the four small molecules. F) UMAP
embedding of chemically perturbed A549 cells, equivalent to Figure 2B but with cells colored
by cluster as defined using the density peak algorithm in Monocle 3. G) Cartoon depicting how
pooling of barcoded nuclei preserves relative cell counts. H) Viability estimates from counting
the proportion of recovered hashed nuclei (grey) vs. CellTiter-Glo (red, n = 6). I) Scatter plot of



inferred cell counts (x-axis) and CellTiter-Glo viability estimates (y-axis) across all treatments
and doses tested (Pearson correlation and chi square test).
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Supplementary Figure 3. Dose-dependent differentially expressed genes (DEG) recover
expected transcriptional modules. A) Upset plot displaying the intersections of dose-dependent
DEGs between treatments (vertical bars) as well as the total number of dose-dependent DEGs
per treatment (horizontal bars). A gene is defined as a dose-dependent DEG if the quasi-poisson
regression model relating its expression in a given cell to the dose of drug that cell received
shows a significant dose effect (Wald test) after Benjamini-Hochberg correction (FDR < 0.05).
See Methods for full details on regression modeling. The four leftmost vertical bars correspond
to drug-specific dose-dependent DEGs, while the rightmost vertical bar corresponds to dose-
dependent DEGs shared by all four drugs. B) Gene set analysis (GSA) performed with dose-
dependent DEGs using the runGSA() function from the piano package and the Hallmarks gene
set from MSigDB (45). Heatmap color indicates the value of the directional GSA enrichment
statistic with values that were capped at either -10 or +10 for visualization.
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Supplementary Figure 4. Hash-based cell labeling in large-scale sci-Plex experiment.

A) Hashing design for sci-Plex with 188 compounds. The experiment used 52 x 96-well plates
where each well was marked by a combination of two oligos, one specific to a single 96-well
culture plate and another specific to a well within that culture plate. B) Although this could
theoretically be implemented with just 96 well hash oligos, we instead used 768, which meant
that out of the 39,936 possible pairings of plate and well hash oligos, only a minority (12.5%) of
combinations were expected (‘legal'), while most were unexpected (‘illegal’) C) Observed
pairings of plate and well hash oligos were strongly enriched for 'legal' combinations. D) Scatter
plot of HEK293T and NIH3T3 cells seeded in a single RT well of the large-scale sci-Plex
experiment. E-H) Hash UMI (panels E & G) and enrichment ratio (panels F & H) cutoffs used
for well hash oligos (panels E & F) and plate hash oligos (panels G & H). Enrichment ratio
cutoffs corresponds to greater than 5-fold enrichment. Hash UMI cutoffs correspond to > 5.
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Supplementary Figure 5. Quality control metrics for large-scale sci-Plex experiment. A)
Log-scale boxplot of number of RNA UMIs for cells that passed hash and RNA UMI cutoff
filters for each of three cell lines. B) Correlation of size factor-normalized counts for genes
between replicates for each of the three cell lines. Black line indicates y = x. Red line is the fit
with Pearson correlation shown. C) Boxplots showing the number of vehicle cells recovered
from each of 8 vehicle control wells within each replicate for A549, K562 and MCF7 cells.
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Supplementary Figure 6. Exposing cells to compounds alters their distribution across cell
clusters. Heatmap showing the log-transformed ratio of cells treated with a particular drug
compared to vehicle control cells in each Louvain community. Columns correspond to clusters in
PCA space (see Fig S7TA-C) and rows correspond to compounds, annotated by pathway and
target. A gray entry denotes a compound that is not significantly enriched or depleted relative to
vehicle in the corresponding cluster (Fisher’s exact test, FDR < 1%)).
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Supplementary Figure 6 (continued). Exposing cells to compounds alters their distribution
across cell clusters. Heatmap showing the log-transformed ratio of cells treated with a particular
drug compared to vehicle control cells in each Louvain community. Columns correspond to
clusters in PCA space (see Fig S7A-C) and rows correspond to compounds, annotated by
pathway and target. A gray entry denotes a compound that is not significantly enriched or
depleted relative to vehicle in the corresponding cluster (Fisher’s exact test, FDR < 1%)).
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Supplementary Figure 7. sci-Plex identifies pathway-specific enrichment of compounds
across UMAP clusters. A-C) UMAP embedding from Figure 3B colored by cells’ assignment
to Louvain communities across PCA space for A549 (panel A), K562 (panel B) and MCF7
(panel C) cells. D) UMAP embedding of A549 cells from Figure 3B. Cells treated with the
glucocorticoid receptor (GR) agonist triamcinolone acetonide are highlighted in green while all
other cells are colored grey. These cells comprise the vast majority (95%) of the cells in cluster
18 from panel A. E) Percent of A549 cells expressing the GR target genes ANGPTL4 and
GDF15, as a function of increasing doses of the synthetic GR agonist triamcinolone acetonide.
F-H) UMAP embedding of A549 cells colored by cells treated with varying doses of epothilone
A (F), epothilone B (G), or colored by proliferation index (H). Insets display magnified views of
distinct foci induced upon treatment. The treatments with the highest number of cells in each
bounding box are indicated in panel H with the number of cells in parentheses.
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Supplementary Figure 9. Correlation of “pseudobulk” sci-Plex with bulk-RNA-seq. A)
Logio transcripts per million (TPM) for protein-coding genes measured by bulk RNA-seq (x-
axes) vs. size factor-normalized, aggregated single cell profiles for vehicle treated cells from sci-
Plex (y-axis). Results are shown for both A549 and K562 cells. Black line indicates the line y =
x, while the blue line shows the linear fit with Pearson correlation shown. B) Scatter plots, for
selected compounds, comparing statistically significant estimates derived from linear models fit
to single cell data (x-axes) vs. estimates derived from bulk RNA-seq using DESeq2 (y-axes).
Black line indicates y = x. Blue line is the fit with Pearson correlation shown.
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Supplementary Figure 10. Moderated Z scores from the L1000 assay correlate with dose-
dependent betas from sci-Plex. A) For a selected compound-cell line combination (trichostatin
A in MCF7 cells), we plot moderated Z scores from the L1000 assay with treatment for 24 hrs at
each of eight doses (y-axes) (11) vs. dose-dependent betas from sci-Plex data (x-axes). All genes
that are part of the L1000 assay and significant for dose-dependent effects with sci-Plex (p-value
< 0.01) are shown. Line is the fit with Spearman correlation shown. B) Boxplot of Spearman
correlations between significant sci-Plex computed dose-dependent betas and L1000 moderated
Z-score values from LINCS L1000 data for measured genes at the highest dose in MCF7 cells.
Compounds are presented as grouped by the pathway they target. Red point corresponds to
fluvestrant. C) Similar to panel A, but for fluvestrant in MCF7 cells and at the highest dose (10
puM). D) Similar to panel B, but for A549 cells. Red point corresponds to triamcinalone
acetonide. E) Similar to panel A, but for triamcinalone acetonide in A549 cells and at the highest
dose (10 uM).
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Supplementary Figure 11. Single cell measurements reveal variation in proliferation status
in vehicle treated cell and across each dose of each drug. A-C) UMAP projection of A549
(A), K562 (B) and MCF7 (C) colored by proliferation index. High proliferation index indicates
an increase in the aggregate expression of transcripts that are markers for G1/S phase or G2/M
phase (43). (D-F) Density plot of cell cycle distribution for compound-treated cells (blue fill) or
vehicle-treated cells (red line). Grey line indicates cutoff used to distinguish proliferating cells
(greater than cutoff) vs. non-proliferating cells (less than cutoff). G-I) Relationship between the
percentage of cells designated as low proliferation at each dose of each drug (x-axis) versus the
median estimated viability of that combination (y-axis). Each black point corresponds to cells
treated with the same dose of a given drug. Red points correspond to vehicle treatment. J)
Volcano plot depicting the log. fold change for significant (q value < 0.01) differentially
expressed genes between high and low fractions of vehicle treated cells.
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Supplementary Figure 12. Single cell measurements enable estimation of proliferation
status and viability across drug-dose combinations. Heatmap depicting estimates of relative
proliferation rate, the percentage of cells exhibiting low proliferation index, and the estimated
viability for each compound (row) at each dose (column) pair.
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Supplementary Figure 13. sci-Plex enables the dissection of proliferating and non-
proliferating cell populations. A) Schematic depicting how changes in cellular state (top) and
changes in the relative frequency of subpopulations (bottom) look identical upon subjecting the
sample to aggregate measures such as bulk RNA-seq. Adapted from ref (14). B,C) Pearson
correlations between dose-dependent effect sizes estimated from high vs. low proliferation index
cells for each cell line (panel B) and drug class (panel C). D) Per-gene effect sizes estimated



from high (Bdh) vs. low (5dl) proliferation index cells for 4 selected compounds. Effect sizes are
expressed as log.transformed fold changes over intercept. Four classes of genes are shown: those
significant in only high proliferation index cells (green); only low proliferation index cells
(purple); both high and low cells, and with concordant effect estimates (red); both high and low
cells, but with discordant effect estimates (blue). A drug had concordant dose-dependent effects

on gene hin high cells (ﬁdh) and low cells (6dl) when |ﬁdh - Bdl| was less than 10 percent of
1
§(|/3dh| + [ Bal)

. Black line indicates y = x.
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Supplementary Figure 14. sci-Plex screen identifies viability and expression signatures that
are reproducible across validation experiments and orthogonal datasets. A) Cell count
viability estimates for K562 (red), A549 (blue) and MCF7 (green) cells exposed to vehicle or
increasing doses of the Src/Abl inhibitor bosutinib (n = 6 culture replicates, Wilcoxon rank sum
test). For each cell line, cell count values were normalized to the mean cell counts value of
vehicle control treated cells. Error bars denote standard error of the mean, n = 8. B) EC50 values
for cell lines of hematopoietic and lymphoid, lung and breast tissue origin, for which viability
estimates are available from the Cancer Cell Line Encyclopedia (CCLE), exposed to the Abl
inhibitors AZD0530 (left panel) or nilotinib (right panel). C-E) Top connectivity scores (a
measure that summarizes similarities between transcriptional signatures induced by different
drugs (11, 12)) for MEK and HSP inhibitors from the CMAP database across all cell lines
(summary, panel C) or for A549 (panel D) and MCF7 (panel E) cells individually. A
connectivity score cutoff of +/- 90 was applied as in (17).
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Supplementary Figure 15. Correlation of compound-driven molecular signatures for A549
cells identified in sci-Plex screen. Heatmap depicts the Pearson correlation of beta coefficients
across dose-dependent differentially expressed genes for every pairwise combination of
compounds screened. To aid in visualization Pearson correlations were capped at 0.6.
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Supplementary Figure 16. Correlation of compound-driven molecular signatures for K562
cells identified in sci-Plex screen. Heatmap depicts the Pearson correlation of beta coefficients
across dose-dependent differentially expressed genes for every pairwise combination of
compounds screened. To aid in visualization Pearson correlations were capped at 0.6.
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Supplementary Figure 17. Correlation of compound-driven molecular signatures for
MCEFT7 cells identified in sci-Plex screen. Heatmap depicts the Pearson correlation of beta
coefficients across dose-dependent differentially expressed genes for every pairwise combination
of compounds screened. To aid in visualization Pearson correlations were capped at 0.6.
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Supplementary Figure 18. Clustergrams of the correlation of compound-driven molecular
signatures. Clustergrams depicting the Pearson correlation of beta-coefficients across dose-
dependent differentially expressed genes for every pairwise combination of compounds screened
for A549 (A), K562 (B) and MCF7 (C) cells. Compounds names are colored by the pathway
targeted.
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Supplementary Figure 19. UMAP embedding of drugs based on their dose-dependent
effects on each gene’s expression. Each drug was provided to UMAP as a vector of the effect

estimates (ﬁd, see Methods) for all genes. Point shape corresponds to cell type and color

corresponds to compound class.
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Supplementary Figure 20. Pairwise distances between PCA embeddings of drugs based on
their dose-dependent effects. A) Heatmap of pairwise distances between two cell types
(columns) for a given drug (rows) in PCA reduced dimensional space. Hierarchically clustered to
visualize cell type-specific responses to each drug. B) Insets of highlighted portions of the
heatmap with pathway annotation shown to the left. Specific compounds highlighted with a red
arrow are shown to the right (C-E) as UMAP embeddings. F) Trametinib treated cell lines are
highlighted to illustrate colocalization of A549 and K562. Colored points correspond to labeled
compound and all other drugs are shown in gray. Shape encodes the cell line from which each
effect profile was captured (squares: MCF7; triangles: K562; circle: A549).
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Supplementary Figure 21. HDAC inhibitor-treated cell types align and enable joint
pseudodose trajectory reconstruction. A) UMAP embedding highlighting the reconstructed
pseudodose trajectory over the mutual nearest neighbor-aligned HDAC inhibitor and vehicle
treated cells. Root nodes (red points) were chosen as nodes in the principal graph that had over
50% of their nearest neighbors annotated as vehicle treated cells. B) Distribution of each cell line
within the embedding. C) Barplot displaying the fraction of each pseudodose bin occupied by
cells treated at each dose. D) Barplot displaying the fraction of each pseudodose bin occupied by
cells treated with each compound. E) Proportion within each pseudodose bin corresponding to
each cell line.
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Supplementary Figure 22. Ridge plots display the distribution of cells along pseudodose for
each HDAC inhibitor and dose combination for compounds that localized to the HDAC
trajectory.
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Supplementary Figure 23. Contact inhibition of cell proliferation 72 hours post drug
exposure. Representative brightfield images of A549 cells exposed to vehicle (A) or the
specified dose of the SIRT1 activator SRT2104 (B) or the HDAC inhibitor Abexinostat (C).
Viability estimates as determined by recovered cell counts for each drug/dose combination
normalized to cell counts of vehicle control wells.
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Supplementary Figure 24. Aligning A549 cells at 24 and 72 hours after treatment reveals
time-dependent responses to diverse small molecules. (A-C) UMAP embedding of A549 cells
at 24 and 72 hours post treatment in the absence of a correction for differences in viability and
proliferation (A), after linear transformation of the data to account for changes in proliferation
index and viability (B) and after mutual nearest neighbor based alignment of data after linear
transformation (C). Cells are colored by the time point at which they were collected. (D-F)
UMAP embeddings as in panels A-C with cells colored by the aggregated normalized expression
score of G1/S marker genes. (G-I) UMAP embeddings as in panels A-C with cells colored by the
aggregated normalized expression score of G2/M marker genes. (J-L) UMAP embeddings as in
panels A-C with cells colored by proliferation index. (M-O) UMAP embeddings as in panels A-
C only visualizing cells treated with vehicle control. (P) UMAP embeddings from panel C with
cells colored as to the pathway targeted by the treatment to which they were exposed. (Q)
Proportion of cells broken up by pathway targeted. Note that only a subset of our 188
compounds across a limited number of pathways were tested at 72 hours. (R) Proportion of cells
broken up by the activity targeted by treatment with epigenetic regulation compounds. (S)
Proportion of cells broken up by HDAC compound.
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Supplementary Figure 25. Bromodomain inhibition, sirtuin activation, and histone
deacetylase inhibition induce characteristic transcriptomic responses. (A-D) UMAP
embedding of MNN aligned A549 cells 24 and 72 hours after treatment with the pan-HDAC
inhibitors abexinostat (A) or belinostat (B), the bromodomain inhibitor JQ1 (C), and the SIRT1
activator SRT2104 (D). Cells are colored by the dose to which each cell was exposed.
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Supplementary Figure 26. The heterogeneous response to the majority of HDAC inhibitors
does not appear to be driven by cellular asynchrony. A) Aligned UMAP embeddings of cells
exposed to vehicle HDAC inhibitors for 24 or 72 hours. Cells are colored by their progression
along pseudodose. B) Aligned UMAP embeddings of cells exposed to vehicle (grey cells) or the
labeled HDAC inhibitor for 24 (red cells) or 72 (blue cells) hours. C) Ridge plots displaying the
density of HDAC inhibitor-exposed A549 cells along an aligned pseudodose trajectory. Results
are displayed for the 8 HDAC inhibitors that were assayed at both 24 and 72 hours. Gray and
color filled lines denote cells exposed with inhibitors for 24 or 72 hours, respectively.
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Supplementary Figure 27. Transcriptional trajectory of HDAC inhibitor-treated cells
corresponds to in vitro IC50 measurements. A) Pseudodose response curves were fit for each
compound and each cell line using the drc R package. The mean position of each dose along the
pseudodose trajectory was used as the response. Two illustrative examples for belinostat (top)
and trichostatin A (TSA) (below) are shown. Dotted vertical lines illustrate the transcriptional
EC50 (TC50) for each compound in each cell line. Shaded gray area denotes the 95% confidence
intervals for each TC50 estimate. B) Plot displaying aggregate in vitro measured mean of
log1o(IC50 [M]) versus log(TC50) colored by solubility supplied by Selleckchem Chemicals.
Points displayed as (*) were not used for fits. C) logio(IC50 [M]) versus log(TC50) for each
HDAC isoform. Each point is colored by the HDAC inhibitor used.
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Supplementary Figure 28. Linear models identify pseudodose-dependent modules of
proliferation and metabolism. A) Barplot of the total number of significant dose-dependent and
pseudodose-dependent DEGs (FDR < 0.05). B) Upset plot displaying the intersections of
significant pseudodose-dependent DEGs between the three cell types. C) Pseudodose heatmap
depicting 4,308 genes that varied significantly as a function of pseudodose. Each row
corresponds to the expected expression for a gene in the three cell lines as fit by the model
described in the 'Differential expression analysis' section of the Methods. Genes (rows) were
scaled and standardized within each cell line before joining the three matrices and performing
hierarchical clustering. Clusters from hierarchical clustering were then used as an input into
GSAhyper using the Hallmarks geneset collection. Select genes and genesets characterizing each
cluster are shown (right).
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Supplementary Figure 29. HDAC inhibitor treatment induces cell cycle arrest in all three
cell lines. A) Percentage of cells expressing RNA for AURKA and CDKNI1A across pseudodose
bins. Black bars denote the bootstrapped 95% confidence interval. B) Boxplots depicting the
percentage of cells in the low proliferation fraction in at a given drug dose across pseudodose

bins. C) DNA content analysis of the three cell lines upon treatment with DMSO (top) or 10uM
abexinostat (bottom). D) Quantification of flow cytometry data depicting the number of cells in
each DNA content category.
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Supplementary Figure 30. HDAC inhibitor exposure leads to sequestration of acetate in the
form of acetylated lysines. A) Quantification of flow cytometry measurements of total cellular
acetylated lysines in A549 (left panel), MCF7 (middle panel) and K562 (right panel) cells
exposed to 10 uM pracinostat, 10 uM p abexinostat or vehicle control. Error bars denote
standard deviation of the mean (Wilcoxon rank sum test, n = 3 culture replicates, * p < 0.05, ***
p <0.005). B) Representative flow cytometry histograms for the experiment quantified in panel
A. Blue shaded regions and red lines correspond to DMSO vehicle control and 10 uM
abexinostat, respectively.
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Supplementary Figure 31. Supplementation with acetyl-CoA precursors decrease, while
inhibition of enzymes that replenish acetyl-coA pools exacerbate, progression along the
HDAC inhibitor pseudodose trajectory. A-D) UMAP embeddings of A549 (panels A and B)
and MCF7 (panels C and D) single cell transcriptomes after exposure to the HDAC inhibitors
pracinostat or abexinostat, in the presence or absence of acetyl-CoA precursors or inhibitors to
enzymes that replenish acetyl-CoA pools. UMAP were constructed from cells from all
conditions in the experiment. Cells are colored by pseudodose bin (panels A and C) or dose
(panels B and D). E) Venn diagram of the overlap of differentially expressed genes across
trajectories between or original HDACi trajectory vs. A549 or MCF7 HDAUC: trajectories from
this new experiment. F,H) Boxplots of pseudodose estimates for select conditions of cells
exposed to 1 or 10 uM pracinostat with or without co-treatment with acetyl-coA precursors for
A549 (panel H) or MCF7 (panel L) cells. Values are normalized to vehicle treated cells.
Wilcoxon rank sum test. G,I) Boxplots of pseudodose estimates for select conditions of cells
exposed to vehicle and pracinostat with or without co-treatment with acetyl-coA precursors for
A549 (panel I) or MCF7 (panel M) cells. Values were normalized to vehicle treated cells.
Wilcoxon rank sum test. J,L.) Heatmaps depicting the fraction of cells per pseudodose bin for
cells exposed to various acetyl-coA precursors in pracinostat-exposed A549 (F) or MCF7 (J)
cell. K,M) Heatmaps depicting the fraction of cells per pseudodose bin for cells exposed to
various inhibitors targeting enzymes that replenish acetyl-coA pools in pracinostat-exposed
A549 (panel G) and MCF7 (panel K) cells.
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Supplementary Figure 32. Correlation of effect sizes between differentially expressed genes
post-HDAC inhibition from original screen vs. new experiment. A-B) Correlation of effect
size estimates (beta coefficients) for differentially expressed genes between vehicle control and
10 uM abexinostat (panel A) or 10 uM pracinostat (panel B) for A549 cells. C-D) Correlation of
effect size estimates (beta coefficients) for differentially expressed genes between vehicle control
and 10 uM abexinostat (panel C) or 10 uM pracinostat (panel D) for MCF7 cells. X-axes

correspond to large-scale sci-Plex experiment. Y-axes correspond to targeted follow-up sci-Plex
experiment.



Hash Oli Hash Oligo Enrich Rati
. sci-RNA-seq Cells RNA Treshold msh Oiigo 3 Oligo Enric rfient atio
Experiment rotocol used Profiled  (# UMIs) Treshold (UMis Top Rank Oligo / UMis
P (# UMIs) Second Rank Oligo)
Barnyard 2-level 3024 1000 10 15
Proof-of-concept Screen 2-level 12,435 1000 30 10
5/5 (Well
Large Screen 3-level 649,220 500 Oligoand 5/5 (Well Oligo and Plate Oligo)
Plate
HDACi phenocopy/rescue 3-level 72,966 500 5 5

Supplementary Table 1. Summary of single cell sequencing experiments performed and
thresholds used in analysis of the data. Threshold values chosen manually based on
distribution of molecules observed. Cells that failed to meet thresholds were not included in
analyses.
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Supplementary Table 2. Differential expression analysis of A549 cells treated with Nutlin-
3a, SAHA, Dexamethasone, and BMS345541. Differential gene expression test results, model
components, and hypothesis testing statistics for each gene tested for each compound.

Supplementary Table 3. Metadata of molecular compounds profiled. Compound specific
metadata include molecular weight, SMILES string and CAS number. Experiment specific
metadata include pathway annotations, dose, and identifying hash combination.

Supplementary Table 4. DEGs detected per compound per cell line. The number of
significant dose-dependent differentially expressed genes (FDR < 0.05) are listed by cell line and
compound profiled.

Supplementary Table 5. Differential expression analysis of A549, K562 and MCF7 cells in
response to treatment with one of 188 compounds for 24 hours or 72 hours. Differential
gene expression test results, model components, and hypothesis testing statistics for each gene
for every compound.

Supplementary Table 6. Dose-response model parameters for transcriptionally derived
HDAC inhibitor potencies. Mean pseudodose values were fit as a function of compound
concentration using the drc package. Column names identify parameters.

Supplementary Table 7. In vitro IC50 measurements for Histone deacetylase (HDAC)
inhibitors in the trajectory analysis. IC50 values collected from published manuscripts (PMID
listed in table). NAs represent untested isoforms or missing data.

Supplementary Table 8. DEGs detected over consensus HDAC inhibition trajectory.
Differential gene expression test results, model components, and hypothesis testing statistics for
each gene for every compound.
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