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Fig. 3. M 3-Seq enables detection of heter ogeneous activation of prophagesin B. subtilisin
response to DNA damage: A. Uniform manifold approximation and projection (UMAP)
embeddings of single B. subtilis transcriptomes from cells at exponential phase (OD = 0.3)
treated for 90 minutes with DNA damaging antibiotics (ciprofloxacin and nalidixic acid). B.
UMAP embedding of the treated cells colored by the assigned cluster, and heatmap of marker
gene expression for each cluster. Six clusters were detected, with PBSX and Spp prophage genes
upregulated in clusters 3,4,5. C. Schematic of the location of the two prophages in the B. subtilis
genome. D. UMAP datafrom A, B colored by relative expression of PBSX (Left) and Spp
(Right) prophage genes as a percentage of total single-cell transcriptome. E. Dual color smFISH
image of B. subtilis treated with ciprofloxacin for 90 minutes. Probes hybridizing to PBSX genes
were labeled with a green fluor, and probes hybridizing to Spp genes were labeled with ared
fluor (see Methods). F. Co-expression of Spp (x-axis) and PBSX (y-axis) genesin each single
cell. Cellswereidentified asinducing PBSX prophage if the relative expression of PBSX genes
in each cell was greater than the 10" percentile (8.4%) of PBSX prophage gene expression in
cluster 5, and inducing Spp if the relative expression of Spp was greater than the 10" percentile
(15.0%) expression of SpP genesin cluster 6. The induction probabilities of each prophage in the
population are denoted as above, with the expected independent co-induction probability of
2.47% calculated by multiplying the observed PBSX and Spp3 probabilities.
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Fig. 4. M 3-Seq providesthe scale and technical capacity to discover new bacterial
responses to antibiotics and phage infection: A. Cell rarefaction experiments of bacteriostatic
antibiotic treated E. coli MG1655 cells. We sampled from a range of 1,000 to 75,000 cells,
performed principal component analysis, and ranked the kurtosis of each principal component.
Each curve (colored by the number of cells used) corresponds to the kurtosis of the 15 principal
components with the highest kurtosis within that sample. Using the principal components, we
also computed the UM AP embedding from each down-sampled matrix (inset, also colored by
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cells used in that experiment). The top row of embeddings corresponds to the scale afforded by
current technologies, while the bottom row represents the scale enabled by M3-Seg. B. UMAP
embedding of cells treated with different modes of ribosome-inhibiting antibiotics (bacteriostatic
versus bactericidal), along with the ranked kurtosis curves of the top 15 principal components for
each mode of ribosome inhibitor. C. UMAP embeddings of A phage infected E. coli MG1655.
The first column are embeddings using only E. coli genes, the second are embeddings using only
A genes, and the third are embeddings using both E. coli and A genes. In thefirst row (1) each
point in the embeddings is colored by the timepoint at which the infected cells were sampled. In
the second row (I1), each point in the embeddingsis colored by relative percentage of A UMIsin
that single cell. In the third row (111), cells are colored by cluster (which are assigned using the
combined E. coli and A genomes). Cluster 4 correspondsto infected cells undergoing late-stage
Iytic infection. D. Silhouette scores of the lytic cluster (cluster 3) and of arandom sample of cells
across each alignment. Silhouette scores were computed using the principal components of gene
expression. We note that the silhouette score of the lytic cluster drastically decreases with the
removal of the X genes, indicating that the lysis signal is primarily driven from the phage. E.
Heatmap of detected A phage genes in each cluster. We note that while most of the known A
genes are upregulated in the late-stage lytic cluster (cluster 3), a particular set of A genes (ninB-
H) are also upregulated in adistinct cluster (cluster 2).
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Materialsand Methods
Experimental methods

Bacterial strainsand growth conditionsfor BW 1. B. subtilis 168 and E. coli (M G1655) were streaked out from a
frozen glycerol stock onto an LB plate and grown overnight at 37°C. Following a night of growth, a single colony
was picked and inoculated into 5 mL of LB broth and grown shaking at 250 RPM overnight at 37°C. The next
morning, the overnight culture was diluted (1:100 for E. cali, 1:25 for B. subtilis) into multiple tubes 5 mL of fresh
LB mediain a 30 mL tube grown shaking at 250 RPM. Cells were harvested once at OD=0.6, and again 4 hours post
dilution. The volume of cells was normalized so that 1 OD of cells was sampled and fixed at each step. Cells were
immediately spun down for 5 minutes at 5,000 g at 4°C, resuspended in 4 mL of freshly made 4% formaldehyde.
The resuspended cells were rotated overnight at 4°C until the next morning.

Bacterial strainsand growth conditionsfor BW2. B. subtilis 168 and E. coli (MG1655) were streaked out from a
frozen glycerol stock onto an LB plate and grown overnight at 37°C. Following a night of growth, a single colony
was picked and inoculated into 5 mL of LB broth and grown shaking at 250 RPM overnight a 37°C. The next
morning, the overnight culture was diluted (1:100 for E. coli, 1:25 for B. subtilis) into 35 mL of fresh LB mediain a
250mL Erlenmyer flask and grown shaking at 250RPM. Upon reaching OD = 0.3, 5 mL of cells were split into
tubes containing 2X the minimum inhibitory concentration of antibiotics (Ciprofloxacin or Cefazolin, 2 tubes), or no
drug (2 tubes). The cellsin the no drug tubes were sampled once at OD = 0.6, and again 120 minutes after the split.
The cells in the tubes with drugs were sampled 20 minutes post-split (T20), and again at 120 minutes post-split
(T360). The volume of cells was normalized so that 1 OD of cells was sampled and fixed at each step. Cells were
immediately spun down for 5 minutes at 5,000g at 4°C, resuspended in 4 mL of freshly made 4% formaldehyde. The
resuspended cells were rotated overnight at 4°C until the next morning.

Bacterial strainsand growth conditionsfor BW3. B. subtilis 168 and E. coli (M G1655 and Nissle) were streaked
out from afrozen glycerol stock onto an LB plate and grown overnight at 37°C. Following a night of growth, a
single colony was picked and inoculated into 5 mL of LB broth and grown shaking at 250 RPM overnight at 37°C.
The next morning, the overnight culture was diluted (1:100 for E. coli, 1:25 for B. subtilis) into 35 mL of fresh LB
mediain a250mL Erlenmyer flask and grown shaking at 250RPM. Upon reaching OD = 0.3, 5 mL of cellswere
split into tubes containing 2X the minimum inhibitory concentration of antibiotics (Ciprofloxacin or Cefazolin), or
no drug. The cellsin the no drug tubes were sampled once at OD = 0.6, and again 360 minutes after the split. The
cells in the tubes with drugs were sampled 90 minutes post-split (T90), and again at 360 minutes post-split (T360).
The volume of cells was normalized so that 1 OD of cells was sampled and fixed at each step. Cells were
immediately spun down for 5 minutes at 5,000g at 4°C, resuspended in 4 mL of freshly made 4% formaldehyde. The
resuspended cells were rotated overnight at 4°C until the next morning.

Bacterial strainsand growth conditionsfor BW4

B. subtilis 168, E. coli MG1655, and P. aeruginosa PA14 were streaked out from afrozen glycerol stock
onto an LB plate and grown overnight at 37°C. Following a night of growth, asingle colony was picked and
inoculated into 5 mL of LB broth and grown shaking at 250 RPM overnight at 37°C. The next morning, the
overnight culture was diluted (1:100 for E. cali, 1:25 for B. subtilis, 1:50 for P. aeruginosa) into 35 mL of fresh LB
mediain a 250mL Erlenmyer flask and grown shaking at 250 RPM. Upon reaching OD = 0.3, 4mL of cells were
split into tubes containing 2X the minimum inhibitory concentration of antibiotics (gentamycin, tetracycline,
erythromycin, chloramphenicol, cefazolin, cycloserine, ciprofloxacin, or nalidixic acid), 2 phage at MOI=100 (for E.
cali), or no drug. The cells in the tubes were sampled and had their absorbance read 90 minutes post-split (T90). The
volume of cells was normalized so that 1 OD of cells was sampled and fixed at each step. Cells were then prepared
in the same manner as with BW1,2,3.

Cell preparation. Following an overnight fixation, cells were prepared for SscRNA-Seq as previously described?.
Briefly, cells were first spun down for 10 minutes at 5,000g at 4°C. Cells were then resuspended in 0.5 mL of PBS
RI, which comprises of PBS + 0.01 U/uL SUPERase-IN RNase Inhibitor (Invitrogen, AM2696). Cells were spun
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down again for 10 minutes at 5,000g at 4°C and resuspended in 300 pL of 1X PBS-RI, and 300 pL of 100% ethanol.
Following the first permeabilization, cells were spun down for 8 minutes at 7,000g at 4°C, and washed twice with
200 pL of PBS-RI. After this final wash, cells were permeabilized by resuspension in 45 pL of 2.5mg/mL lysozyme
solution dissolved in TEL-RI buffer, comprised of 100mM TrispH 8.0, 50mM EDTA, 0.1U/uL SUPERase-IN
RNase Inhibitor, and incubated at 30°C for 15 minutes. Cells were then spun down and washed twice in 100 pL of
PBS-RI. After the final wash, cells were resuspended in 100 pL of 0.5X PBS-RI, and counted and examined with a
hemocytometer (INCY TO DHC-S02).

Plate-based indexing. Fixed and permeabilized cells were split into wells of a 96 well plate, each containing a
single indexing primer (2.5 pL/well, 20uM). To each well, we added 312,500 cells, 0.25 pL of Maxima H Minus
Reverse Transcriptase (Thermo Fisher Scientific, EP0753), 0.25 pL of dNTPs at an original concentration of 10 pM
(NEB, N0447L), 2.5pL of 5X MaximaH Minus Reverse Transcription Buffer, 0.125uL RNase-OUT (Thermo
Fisher Scientific, 10777019), and PEG8000 to afinal concentration of 7.5%, Tween-20 to afina concentration of
0.02%, and nuclease free water up to 10 uL . Reactions were then incubated as follows to perform first-round
indexing by reverse transcription: 50°C for 10 minutes, 8°C for 12 seconds, 15°C for 45 seconds, 20°C for 45
seconds, 30°C for 40 seconds, 42°C for 6 minutes, 50°C for 50 minutes, and hold at 4° C. Samples were then pooled
together and spun for 20 minutes at 7,000 g to isolate processed cells. Cells were then washed in 0.5 X PBS-RI and
resuspended in 75 pL of 1X Ampligase buffer (Lucigen, A0102K). Pooled cells were counted and examined on the
hemocytometer and diluted for loading onto the Chromium Controller (10x Genomics). The cell loading for each
experiment indicated in Supplementary Table 2. Methods in this section were adapted from single-cell combinatorial
fluidic indexing procedures.

Loading cdlsinto microfluidic droplets. Cells were prepared for loading onto the Chromium scATAC platform
v1.1 (10X Genomics 1000176). After counting, pooled cells were aliquoted with and mixed with 19uL 10X
Ampligase Buffer, 2.3uL U/uL Ampligase (Lucigen A0102K), 1.5 uL Reducing agent B (10x Genomics 2000087),
2.3uL of 100 uM bridge oligo 0D S025, and nuclease free water up to 75 uL. The mixture was kept on ice and
loaded onto the Chromium Next GEM Chip H (10x Genomics, 1000162) with gel beads from the NextGem
SCATAC platform (10x Genomics, 1000176). To create emulsions, we followed the 10X Next GEM scATAC
protocol[Mou1] (CG000209 Rev A). Briefly, the microfluidic chip was prepared by adding 70uL of cell mixture to
wellsinrow 1, 50uL Next GEM scATAC beadsto wellsin row 2, and 40uL of partitioning oil to wellsin row 3.
Additionally, 50% glycerol was added to all unused lanes (40uL of 50% glycerol was added to unused lanesin row
3, 50pL to unused lanesin row 2, and 70pL to unused lanesin row 1). The chip runs on the Chromium Controller
(10x Genomics) with the Next GEM Chip H program. This step partitions the cells and uniquely indexed gel beads
into droplets. Methods in this section were adapted from single-cell combinatorial fluidic indexing procedures’.

Droplet-based indexing . After transferring 100pL of each emulsion mixture to a clean reaction tube, second-round
indexing was performed by ligation. Briefly, emulsions were incubated at 98°C for 30 seconds and 59°C for 2
minutes in 12 cycles. Emulsions were broken by adding 125uL Recovery Agent (10x Genomics) and pipetting up
the hydrophobic phase . Cells were then reverse crosslinked and lysed by adding 10uL of 10X Lysis-T (250mM
EDTA, 2M NaCl, 10% Triton X-100) and 4L of proteinase K (NEB, P8107S) and incubating at 55°C for 1 hour.
After lysis, DNA:RNA hybrid libraries were isolated with the following procedure: (1) 200uL of Dynabead Cleanup
Mix, which consists of 182 pL Cleanup Buffer (10X Genomics, 2000088), 9uL Dynabeads MyOne Silane (Thermo
Fisher Scientific, 37002D), 5pL Reducing Agent B (10X Genomics, no catalog no.) , and 5uL of nuclease free
water, was added to each sample; (2) samples were mixed by pipetting (10x); (3) samples were incubated at room
temperature for at least 10 minutes; (4) beads were isolated from samples using a magnetic stand and washed 2
times with 200pL 80% ethanal; (5) hybrid libraries were then eluted in 40pL of elution buffer (Qiagen, 19086).
Second strand synthesis. The eluted single stranded library was stripped of RNA by adding 2L of RNAse H
(NEB M0297L), 4 pL of 10X RNase H buffer (NEB B0297S) and incubating for 30 minutes at 37°C. The reaction
was purified with a1.8X SPRI, where the final eluate volume was 25 L. To perform second strand synthesis, we
used amodified version from 8, where we added 8L of 5X Maxima H- Reverse Transcription Buffer, 4 uL of 10
UM dNTP's, 2.5 pL of Klenow Fragment (3' -> 5" exo -, NEB M0212L), 5 uL 50% PEG 8000, and 1.5 pL of 100
UM $*3 randomer (0BW140). The reaction was incubated at 37°C for 60 minutes, cleaned with a1.8X SPRI, and
eluted in 30 pL of Nuclease free water. The full length, double stranded library was amplified using PCR by adding
30 pL of 2X Q5 High Fidelity Master Mix (NEB M0492L), 0.4 pL of 100 pM oDS028, and 0.4 pL of 100 pM
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0BW170. We amplified the library using the following protocol: 98°C for 30 seconds, 14 cycles of 98°C for 20
seconds, 65°C for 30 seconds, 72°C for 3 minutes. Following the first round of PCR, the reaction was cleaned twice
once using a 1.2X SPRI reaction, each time eluting in 40 pL. This was to ensure primer dimers were properly
removed. The resulting samples were the gene expression (GEX) libraries.

Library fragmentation using Tn5 transposase. We prepared the following 5X Tn5 reaction buffer: 50mM TAPS
(Sigma, T9659-100G), 25mM MgCl2. We assembled i7-only transposomes according to established protocol s°.
Briefly, 10 pL of 100 pM oDS029 and 10 pL of 100 uM oDS30 were mixed and annealed using the following
temperature program: 95°C for 2 minutes, followed by a 0.1°C/second ramp down to 4°C. Annealed oligos were
then diluted with 80 pL of nuclease free water (final concentration, 10 pM) and, after 10 pL of 100% glycerol was
added to the mixture, 8pL of the oligo-glycerol sample was mixed with 2uL of EZ-Tn5 (Lucigen, TNP92110) and
incubated at 25°C for 40 minutes. The resulting i7 transposomes were stored at -20°C.

After construction, gene expression libraries were quantified (Qubit HS dsDNA kit) and fragmented in
multiple reactions with the following components: 10ng gene expression library sample, 4 pL of 5x Tn5 buffer, 1uL
of i7 transposome, and water up to 20uL. Reactions were incubated at 55°C for 10 minutes and then inactivated
with 1uL of 20% SDSat 55°C for 10 minutes. Following inactivation , reactions were purified using a 1.2X SPRI
reaction (elution volume, 25 L ). The resulting samples were the fragmented GEX libraries.

Second library amplification and in vitro transcription. Fragmented GEX libraries were mixed with 25 pL of 2X
Q5 Master Mix, 0.4 uL of 100 uM oBW170, 0.4 pL of 100 uM oBW168 and amplified using the following
protocol: 72°C for 3 minutes, 98°C for 30 seconds, 9 cycles of 98°C for 10 seconds, 65°C for 30 seconds, 72°C for
30 seconds, afinal incubation at 72°C for 5 minutes, and hold at 4°C. Resulting samples were purified with a 1.2X
SPRI reaction (elution volume,40 pL) and converted into RNA by in vitro transcription. Briefly, 100ng of amplified
libraries were mixed with 8uL 5X Transcription Buffer (Thermo Fisher Scientific, EP0112), 6uL of 2.5 mM rNTPs
(NEB, N0466L ), 1.5 uL of T7 RNA Polymerase (Thermo Fisher Scientific, EP0112), and 1uL of RNase-Out.
Reactions weres incubated at 37°C for 2 hours, after which DNA templates were digested with 3uL. DNase | (NEB,
MO303L) and 3uL 10X DNase | buffer (NEB, B0303S) at 37°C for 15 minutes. RNA was then purified using a 2X
SPRI reaction (elution volume, 25 pL). These samples were the in vitro transcribed GEX libraries.

Ribosomal RNA depletion. To enrich mRNA reads within a DNA library that was constructed using random
priming, we developed an in-house approach to deplete ribosomal reads. Probes hybridizing to ribosomal RNA
sequences of the bacterial species that we used of interest were designed using software from °. Multiple reactions
containing the following were prepared (adapted from °): 500ng of in vitro transcribed RNA, 3ug of rRNA probes,
0.6puL 5M NaCl, 1.5 pL 1M Tris-HCI, and Nuclease free water up to 15 pL. In vitro transcribed RNA was
hybridized to the DNA probes using the following temperature program: 95°C for 2 minutes, and 0.1°C/second
ramp down to 25°C, 25°C for 5 minutes. Following rRNA probe hybridization, 6L RNase mix (3L of 10x RNase
H buffer (NEB B0297), 2L of Thermostable RNase H (NEB M0523S), 1L of RNase H ) were added to each tube.
The reactions were incubated for 45 minutes at 50°C to digest the rRNA-DNA hybrids. Following rRNA digestion,
the DNA probes were degraded by adding 3uL of 10x DNase | buffer, 3uL of DNase I, and incubating for 45
minutes at 37°C. The rRNA-depleted RNA library was purified with a 2x SPRI reaction and eluted in 25 pL of
nuclease free water.

Final library prep. To recover the original DNA library from the depleted RNA library, we used the end specific
P5 primer to ensure the full DNA molecule gets reverse transcribed. To each tube of purified RNA, the following
reagents were added: 8uL MaximaH Minus Reverse Transcription Buffer, 1uL. MaximaH Minus Reverse
Transcriptase, 1uL RNase Out, 6uL 2.5mM dNTPs, 0.4 uL 100 uM oBW170, 0.2uL 100 pM oBW171. The
reaction was incubated in the thermocycler with the following temperature program: 50°C for 10 minutes, 8°C for
12 seconds, 15°C for 45 seconds, 20°C for 45 seconds, 30°C for 40 seconds, 42°C for 6 minutes, 50°C for 18
minutes, and hold at 4°C.

Following reverse transcription, the reaction was purified with a 1.2X SPRI and eluted in 25 pL of nuclease free
water. The reverse transcribed DNA reactions were then indexed using a final indexing PCR. For each reaction that
needed to be indexed, 25 pL of reverse transcribed DNA was mixed with 25 pL Q5 High Fidelity Master Mix, 0.4
pL 100 uM 0BW501, and 0.4 pL 100 uM of aunique P7 index primer. The reactions were amplified with the
following temperature program: 98°C for 30 seconds, 9 cycles of 98°C for 10 seconds, 65°C for 30 seconds, 72°C
for 30 seconds, afinal incubation at 72°C for 5 minutes, and hold at 4°C.
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The resulting final DNA library was purified twice with a0.8X SPRI, and then quality controlled on the Qubit and
Bioanalyzer. We also checked the concentration and sequencability of the DNA library using gPCR with the
following primers: oBW170/0BW176, 0BW141/0BW176. We note that this final gPCR step is essential asit letsus
know if we need to redo some steps of the procedure by checking for the percentage of the sequencable reads in the
library. Following the final qPCR, libraries were diluted to 5nM, and sequenced with the NovaSeq SP 100 cycle kit
(IMlumina 20028401) using the following read structure: 26bp Read 1, 30bp i5 index, 8bp i7 index, 74bp Read?.

Fluorescent in-situ hybridization (FI SH). To enable cost effective detection of multiple different RNAsin the
same cells, we closely followed the framework used in ™2, Briefly, multiple primary probes hybridizing to an
MRNA of interest arefirst designed. These probes contain a constant 20nt flanking sequence that allows for
hybridization of afluorescent secondary prabe. This allows us to avoid the cost of ordering multiple fluorescent
primary probesto tile our gene of interest.

Primary probes for fluorescent in-situ hybridization for RNA sequences of interest were designed using °.
For each RNA transcript of interest, we designed at least 10 different probes hybridizing to different regions of that
transcript. A 20nt sequence was added to the 3’ end of each probe to allow for hybridization of the fluorescent
readout probes. Primary probes for each gene were mixed at an equimolar ratio such that the final concentration of
DNA molecules was 100 uM. Fluorescent readout probes were ordered following 2.

Cellsin each condition of interest were grown, fixed, and permeabilized as described above. After the
permeabilization step, cells were washed and resuspended in 600 pL primary hybridization buffer (40% Formamide
(Thermo Fisher Scientific 15515026), 2X SSC (Invitrogen AM9673)) and aliquoted into 1.5 mL tubes. 1uL of 100
UM primary probe mix was added to each tube and hybridized overnight at 30°C in the dark. The next morning,
cells were spun down at 7,000g for 8 minutes and resuspended in 200 pL wash buffer (30% Formamide (Thermo
Fisher Scientific 15515026), 2X SSC (Invitrogen AM9673)). Cells were spun down for 8 minutes at 7,000g,
resuspended again in 200 pL wash buffer, and incubated in the dark at room temperature for 30 minutes. Cells were
then spun down at 7,000g for 8 minutes and resuspended in 100 pL secondary hybridization buffer (10%
Formamide, 2X SSC, 10% Ficoll PM-400 (Sigma-Aldrich F5415-25 mL)). 0.5 uL of each 100 uM readout probe
was added to the tubes, and incubated for 1 hour at 34°C. Following secondary hybridization, cells were spun down
at 7,000g, and resuspended in wash buffer with 10 ug/mL DAPI (Thermo Fisher Scientific D1306). Cells were
incubated for 20 minutes at room temperature, spun down at 7,000g, and resuspended in 100 pL of 2X SSC.

Cells were imaged on 1% agarose pads made with filtered water on a Nikon TiE microscope with a Plan
Apo 100X objective, and Hanamatsu ORCAFlash4.0 camera. Images were analyzed using FlJI software.

Acid tolerance assay. A 25mL culture of E. coli (MG1655) or E. coli (MG1655 4gadA4gadB/gadC) was first
grown to OD = 0.3 in a 125mL flask shaking at 250 RPM 37°C. After reaching OD = 0.3, the cultures were split in
aliquots of 5mL to culture tubes and placed back onto the shaker to grow for another 6 hours until OD = 2.8.
Cultures were then acidified to pH 3.0 using 12N HCI and returned to the shaker. 10 uL of the cultures was sampled
at intermittent timepoints and serial diluted for CFU counting.

Acid recovery assay. A 25mL culture of E. coli (MG1655) transformed with Pygs-GFP was first grown to OD =
0.3ina125mL flask shaking at 250 RPM 37°C. After reaching OD = 0.3, the cultures were split in aliquots of 5mL
to culture tubes and placed back onto the shaker to grow for another 6 hours until OD = 2.8. At this point, 1 uL of
the culture was imaged on an 1% agarose pad made with LB media to understand the distribution of GFP
fluorescence in single cells. Cultures were then acidified to pH 3.0 using 12N HCl and returned to the shaker.
Following an hour of acid stress, 1 pL of the acidified culture was transferred onto an 1% agarose pad made with
fresh LB mediato assess viability. Cells were imaged every 15 minutes to track and assess growth over time.

The resulting movies were analyzed by first ssgmenting the cells using Delta (37), and then using custom
python scripts to extract the fluorescence distribution and assess viability. A cell was considered viable if it
underwent a single division during the 8 hour imaging period.

Bulk RNA-Seq Library preparation. E. coli (MG1655) was grown as described above to OD = 0.6. 2mL of cells
were spun down at 5,000g for 10 minutes, resuspended in 45 pL of 2.5mg/mL lysozyme solution (described above),
and incubated at 37°C for 15 minutes. RNA was purified using the Qiagen RNeasy Mini Kit (Qiagen 74104) where
the final eluate volume was 30 L. The RNA was reverse transcribed by adding 5 pL. Maxima H Minus Reverse
Transcription Buffer, 0.5 uL MaximaH Minus Reverse Transcriptase, 0.5 uL RNase Out, 4 pL 2.5mM dNTPs, 0.4
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pL 100 uM 0BW121 and incubating using the following temperature program: 50°C for 10 minutes, 8°C for 12
seconds, 15°C for 45 seconds, 20°C for 45 seconds, 30°C for 40 seconds, 42°C for 6 minutes, 50°C for 50 minutes,
and hold at 4°C.

Following reverse transcription, RNA was stripped from the reverse transcribed DNA by adding 2uL of RNase H
and incubating the mixture at 37°C for another 30 minutes. The library was purified using a 1.2X SPRI and eluted in
25 pL nuclease free water. Second strand synthesis, PCR, and tagmentation were performed as described above. The
first PCR was performed using primer pairs oBW154 and oDS28. Following tagmentation, the library was amplified
8 cycles as described above using 0BW154 and oBW168. This library was used to test for different rRNA depletion
strategies.

Cas9 based rRNA depletion. To test Cas9 based rRNA depletion, we first synthesized a pool of guide RNAs which
cleave at different sites of the 5S, 16S, and 23S ribosomal RNAs. DNA templates for the guide RNAs were designed
using software from %. The DNA templates were purchased as a pool from IDT, and amplified with PCR by first
annealing at a 1:1 equimolar ratio mixing 1uL DNA template, 0.4 uL 100 pM 0BW138, 0.4 pL 100 uM oBW139,
10 pL nuclease free water, 12.5 uL 2X Q5 High Fidelity Master Mix, and using the following temperature program:
98°C for 30 seconds, 35 cycles of 98°C for 10 seconds, 65°C for 30 seconds, 72°C for 45 seconds, afinal incubation
at 72°Cfor 5 minutes, and hold at 4°C. Following PCR, the DNA templates were purified using a1.2X SPRI and
used for in vitro transcription. Guide RNAs were transcribed using the NEB HiScribe kit (NEB E2040S) by mixing
100ng of DNA template, 2uL of 10X reaction buffer, 2uL 100mM ATP, 2uL 100mM GTP, 2uL 100mM CTP, 2uL
100mM UTP, 2uL T7 RNA Polymerase Mix, nuclease free water up to 20 uL, and incubated overnight at 37°C.

Following an overnight in vitro transcription, DNA template was digested by adding 3uL 10X DNase
buffer, 2uL DNase |, and incubating for an additional 15 minutes at 37°C. Guide RNAs were purified using a 2X
SPRI reaction and checked for purity by running on a 15% TBE-Urea Gel (Invitrogen EC6885BOX). Guide RNA
concentration was quantified using the Broad Range RNA Qubit kit (Thermo Fisher Scientific Q10210).

To perform Cas9 based depletion in our most optimized condition, 2 ng of library was mixed with 1.5 pL
NEB 3.1 buffer, and sgRNA and NEB cas9 at a 20,000:3,000:1 ratio of sgRNA:Cas9: DNA. The reaction was
incubated at 37°C for 2 hours after which Cas9 was stripped from the DNA by adding in 1uL Proteinase K, 1uL
10% SDS, and incubating for 15 minutes at 50°C. The DNA library was purified with a 1.2X SPRI, eluted in 25 uL
nuclease free water, and mixed with 25 puL 2X Q5 High Fidelity Master Mix, 0.4 L 100 uM oBW170, and 0.4 puL
100 uM of aunique P7 index primer. The reactions were amplified with the following temperature program: 98°C
for 30 seconds, 12 cycles of 98°C for 10 seconds, 65°C for 30 seconds, 72°C for 30 seconds, afinal incubation at
72°C for 5 minutes, and hold at 4°C. Libraries were sequenced on the MiSeg Reagent Kit v2 (300 cycles) (Illumina
MS-102-2002) using the following read structure: 26bp Read 1, 30bp i5 index, 8bp i7 index, 100bp Read?2.

Quantifying cell loading in the 10X Micr ofluidic system. To quarntify if single bacterial cells could be loaded into
the 10X Microfluidic system, we first fixed 2mL of E. coli MG1655 cells grown to OD=0.4 overnight in 4 mL of
4% formaldehyde. Cells were prepared as described above up to after the first wash following permeabilization.
Following the first wash, cells were incubated in 50 uL of 5 pM Sytox Green (Thermo Fisher Scientific S7020) for
15 minutes. After the incubation, cells were washed twice in 100 pL of PBS-RI, and then resuspended in 100 pL of
0.5X PBS-RI. Cells were counted, and then loaded onto the 10X Microfluidic system using the Chip A 5’ kit.

Following droplet generation, SuL of the mixture was transferred onto a glass coverslip, and imaged on a
Nikon TiE microscope with a Plan Apo 20X objective, and Hanamatsu ORCAFlash4.0 camera. Cellsin each droplet
were then manually counted.

Computational Methods

Data Preprocessing. Raw basecalls were retrieved from the NovaSeq, and processed with a custom version of
picard tools v2.19.2 following the pipeline described in *. Reads were aligned to a combinations of one or more of B.
subtilis 168, E. coli MG1655, and E. coli Nissle genomes using STAR v2.76", and annotated with featureCounts
v2.0.0™. Reads were filtered such that all the reads used for downstream analysis have mapQ score > 1, and mapped
lengths greater than 20bp. Annotated and filtered reads were loaded into Python 3.7.6 where custom code was
written to assign non-rRNA reads to combinations of droplet and plate barcodes in pandas.

After assigning reads to barcode combinations, we filtered out droplets barcodes in which a given droplet
barcode had more than 8 associated plate barcodes, which corresponds to a barcode collision rate greater than 25%.
We then split barcode combinations by condition (plate barcodes), and then performed another filtering step using
the knee method for each condition’®. We note that this step is important because bacteriain different conditions
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have different amounts of mean mRNA expression. After the last filtering step, a cell/gene matrix was made where
the entries of the matrix are the number of UMI’sthat we measured for that gene in aparticular cell.

Single-Cell Analysis. Metrics for the SCRNA-Seq results were compiled and plotted using custom scripts in Python
3.7.6. Downstream analysis of single cell datawas performed using pipelines detailed in Seurat v4.0.3". Datawas
first preprocessed filtering out genes that were expressed in lessthan 10 cells, and cellsthat expressed less than 10
UMI’s. The data was then normalized by dividing the UMI countsin each cell by the total number of UMI’s
measured in that cell, multiplying by a scale factor of 100, adding a count of 1 to each entry, and then log-
normalizing the scaled values. The normalized expression data was then scaled to have mean 0 and unit variance,
and dimension reduced using principal component analysis. When necessary, the kurtosis of each principal
component was computed by taking the matrix of cells by principal component coordinates, and then calling the
“kurtosis’ function.

Following principal component analysis, we computed a uniform manifold approximation representation™®
and a shared neighbor graph (SNN) using the first 10 principal components. We performed graph-based clustering
on the shared neighbor graph to identify clusters of gene expression programs using the Louvain algorithm
(algorithm 3 in Seurat 4.0.3)*. Marker genes for each cluster were computed using the Wilcoxon Rank-sum test.
Further data analysis and plotting was performed using custom scriptsin R.

Geneset enrichment analyses were performed using topGo (2.48.0). Briefly, marker genes for each cluster
were first obtained using the FindMarkers function in Seurat. The list was filtered by taking genes with p value <
0.05. Thislist was then split into genes that were upregulated in the cluster, and genes that were downregulated. The
two lists of genes were then used for biological process term enrichment using Fisher’s exact test.

To compute silhouette scores, we took the PCA matrix and cluster outputs from Seurat, and used the
silhouette score function from the KBET package(38).

Comparison with Bulk RNA-Seq. Bulk RNA-Seq data for exponentially growing E. coli was downloaded from (8)
(GEO accession number GSE141018). Raw reads from the bulk data were aligned to the E. coli MG1655 genome
and annotated as described above. Single-cell and bulk transcriptomes of exponential growing E. coli were
compared by computing the Pearson correlation of 10g;o transcripts per million (TPM) of each gene between the two
measurements. Genes with O countsin either dataset were first omitted. TPM for each genein single cell datawas
then computed by adding a pseudocount of 1 to each gene, summing over the UMI counts for that gene across al
cells, normalizing by gene length, and dividing by the sum of length normalized counts. TPM for bulk
measurements were computed as previously described. The TPMs of the bulk and single-cell datasets were logso
transformed and used for plotting and correlation measurements.
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