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Supplementary Notes 
 
Supplementary Note 1. Initial analysis of B. fragilis + Bf12P1 sequencing data 
 
We loaded each of the phage-treated and untreated samples into a separate set of wells in the first 
barcoding plate to use the first barcode as a sample identifier. Our first experiment, named “M30”, 
yielded a total of 15,260 cells and recovered medians of 26 and 8 B. fragilis mRNA transcripts per 
cell, as well as 0 and 23 phage transcripts per cell, for the untreated and phage-treated samples, 
respectively (Supplementary Figure 3A-B). The ‘barnyard’ plot where we aligned all cells to 
both B. fragilis and B. subtilis genomes showed no cells aligning to both genomes which would 
represent doublets (Supplementary Figure 3D). Upon data examination and clustering by gene 
expression, we observed clear separation of phage-treated and untreated samples, as well as the 
segregation of B. fragilis into phenotypically heterogeneous clusters (Supplementary Figure 3C). 
However, the B. fragilis transcript abundance measured in this experiment was relatively low 
(Supplementary Figure 4B). 
 
Next, in order to maximize the retrieval of transcripts, we implemented several modifications to 
microSPLiT, detailed in Methods. Briefly, we loaded more bacterial cells (10 million) into the 
reverse transcription plate to avoid excessive unused primer carry-over, controlled for lysozyme 
unit activity, and added a TdT-based poly-dC tailing step during library preparation to append the 
3’-adapter to the cDNA that previously failed to acquire one through template switching. We 
performed library preparation on two separate subsets of barcoded cells from this experiment, 
which showed similar gene expression patterns and were subsequently merged into a single dataset 
(Supplementary Figure 4A). After filtering out low-quality cells, this dataset (“F3”) contained 
26,649 and 26,643 cells from the untreated and phage-treated samples, respectively (Figure 1I). 
Since we retrieved substantially more cells with high transcript content from the F3 experiment 
(Supplementary Figure 4B), from here on, we proceeded with the analysis of F3 data. 
 
Supplementary Note 2.  “Responders” cluster gene expression 
 
The “responders” cluster (shown in Figure 1L) was marked by expression of genes of several 
putative ribonucleoside reductases (nrdD, nrdG, and nrdJ) in addition to carbohydrate metabolism 
genes (BF9343_RS14805, fkp, and BF9343_RS00795) and the priA gene encoding the 
primosomal protein involved in the restart of stalled replication forks. Further, BF9343_RS17000-
BF9343_RS17005 operon was upregulated, encoding, respectively, putative thymidylate synthase 
(thyB) and dihydrofolate reductase (dfrA). Other uniquely upregulated genes included 
BF9343_RS20235, an aminopeptidase P family protein, an NADP dependent oxidoreductase 
(BF9343_RS04005), and proteins involved in membrane transport (BF9343_RS20250 and      
BF9343_RS16815, which likely is a part of the operon also containing nrdD and nrdG genes with 
locus tags of BF9343_RS16805 and BF9343_RS16810, respectively). 
 
Supplementary Note 3.  Identification of five additional genes in the CPS operons based on 
co-expression analysis 
 
We identified four additional genes at the ends of the previously defined PSB (BF9343_RS08930 
gene), PSC (BF9343_RS04835 gene), PSD (BF9343_RS17770 gene), and PSF 



(BF9343_RS07210 gene) operons that were highly and uniquely co-expressed with the rest of the 
operon genes. Notably, these genes were paralogous to the BF9343_RS12375 gene located at the 
end of the PSE operon and encode family 4 putative glycosyltransferases that share >79% 
sequence identity. This further supports their likely involvement in capsular polysaccharide 
biosynthesis. Further, we found the BF9343_RS21660 gene (encodes an N-acetylmuramidase 
domain-containing protein) at the end of the PSD operon, which was highly co-expressed with the 
rest of the operon genes. We also identified another group of three homologous genes at the ends 
of PSB (BF9343_RS08940 gene), PSD (BF9343_RS17760 gene), and PSG (BF9343_RS03530 
gene) operons that were co-expressed with the rest of the operon genes. These genes encoded 
putative HU family DNA-binding proteins (share >74% of identity), which are potentially 
involved in the regulation of CPS operon transcription. Altogether, by using the co-expression 
analysis, we extended CPS operons by eight genes (Figure 3C asterisks). 
 
Supplementary Note 4. Selection of phage-resistant isolates of B. fragilis 
 
Selection for phage-resistant bacteria was conducted at two different MOIs and in the presence of 
two bile acids (deoxycholic or taurocholic acids) which were added to investigate resistance 
determinants under varying media conditions. Bulk culture samples and resistant isolates were 
obtained from outgrowth after a 24-hour incubation with phage. Additionally, we found a random 
colony isolated in no-phage conditions but showed resistance (isolate 7B). Isolation conditions for 
bulk culture samples and resistant isolates can be found in Supplementary Data 5. 
 
 
Supplementary Note 5. Monte-Carlo simulation for phage-resistant cell subpopulations. 
 
To assess the statistical significance of phage-resistant cell groups observed in microSPLiT, we 
used a Monte Carlo simulation to generate null distributions of infection chance, against which 
observed values could be compared. 
To generate the null model, we constructed a background pool consisting of all PSB or PSG cells 
(depending on which phage-resistant group is tested), regardless of defense system expression. 
From this pool, we repeatedly (N=1000 iterations) sampled groups with size equal to the size of 
the tested phage-resistant group without replacement and calculated the infection chance for each 
iteration. The infection chance was calculated as the proportion of infected cells. This resulted in 
an empirical null distribution of infection chances expected under random sampling of the CPS 
background. We then compared the observed infection chance to the generated null distribution. 
The empirical p-value was defined as the fraction of null values that are less than or equal to the 
observed (Supplementary Table 1). Distributions were visualized using histograms or kernel 
density estimates, with the observed infection chance indicated as a dashed vertical line (see 
Supplementary Figure 16).  
 
Supplementary Table 1. Summary of group definition, the observed infection chance, and 
empirical p-values. 

CPS 
type 

Additional 
protective 

gene(s) 

Group 
size, 
cells 

Observed 
infection 
chance 

Subsampled 
population 

Empirical p-
value 

(subsampled) 

Empirical 
p-value 

(all cells) 
PSG AbiJ 72 0.0417 PSG 0.010 0.0 



PSB Gabija 27 0.0370 PSB 0.038 0.0 
PSG RM Type IV 101 0.0594 PSG 0.011 0.0 
PSG Tsr16 > 5 89 0.0337 PSG 0.003 0.0 
PSB Tsr16 > 5 60 0.0667 PSB 0.019 0.0 

 
For all phage-resistant groups, the observed infection chance was lower than the median expected 
infection chance (Supplementary Figure 16), and most of them had a <0.05 probability to be 
observed by chance given a population of PSB or PSG cells. When subsampling from the entire 
population of cells, empirical p-values were all 0.0, as the chance of a phage-resistant group is 
extremely low.  
 
Supplementary Note 6. Modelling of B. fragilis culture growth with phage 
 
To estimate parameters of phage infection, we first assumed that the initial concentration of 
resource is sufficient to not constrain the growth of bacteria until lysis (Supplementary Figure 
21A). It allowed us to ignore the resource dynamics and to simplify the description of bacterial 
growth. We also assumed that the population dynamics of bacteria can be approximated as 
consisting of two phases: first, a “phage-free” growth with a constant birth rate, and subsequently, 
lysis when the concentration of phage becomes sufficiently high. The latter approximation will 
later be shown to be self-consistent and justified by the extremely rapid double-exponential phage 
replication. During phage-free and resource-unlimited growth, the dynamics of bacterial density 
B(t) is given by 
 

𝑑𝐵
𝑑𝑡 = βB	,					(1) 

 
B = B!e"#	, 

 
where β is the bacterial growth rate constant determined from the initial part of the phage-free 
growth curve (Supplementary Figures 21C-D). 
 
During the lysis phase, bacterial dynamics include the negative term describing attacks by phages 
with the concentration P(t). This term is proportional to the bacterial replication rate because only 
actively dividing bacteria are susceptible to phages. The proportionality constant δ characterizes 
the attack rate. 
 

𝑑𝐵
𝑑𝑡 = βB(1	 − 	δP)	.					(2) 

 
The lysis time t∗ is defined as the moment when the bacterial growth rate becomes negative: 

P	(t∗) =
1
δ	.			

(3) 
 
The phage growth rate is proportional to the attack term in eq. 2, with the proportionality constant 
α dependent on the phage burst size and latency time: 
 



𝑑𝑃
𝑑𝑡 = βBδPα	,						(4) 

𝑃(𝑡) = 𝑃!e%&'	 ∫ *+#!,-#!"
# , 

 
where  
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Hence, 

P	(t) ≈ 	P!e&'0(/)	.     (6) 
 
At the time of lysis 

P!e&'0(/
∗) 	= 	

1
δ	,			(7) 

 
𝑙𝑛(δP!) 	+ 	δαB(t∗) = 	0	, 

  

𝐵(𝑡∗) = 	
−𝑙𝑛(δP!)

δα 	. 
 

This explains the linear dependence of bacterial optical density at the time of lysis on the logarithm 
of the initial concentration of phages (Supplementary Figure 21B) (see also (78)). The slope and 
intercept of the regression line of the semi-log plot (Supplementary Figure 21B) allowed us to 
determine the constants δ (phage attack rate) and α (a combination of phage burst size and latency 
time). 
 
Next, using estimated parameters, we modeled a long-term dynamic of the wt B. fragilis population 
that consists of a mixture of phage-sensitive BSus(t) and phage-resistant BFp(t) cells in the presence 
of phage P(t) and a limited resource N(t) as follows: 
 

-3
-#
= −	β456B456(t)N(t) −	β78B78(t)N(t)		,							(7) 

 
-*%&'
-#

= β456B456(t)N(t) −		β456B456(t)N(t)δ456P(t)		,      (8) 
 

-*()
-#

= β78B78(t)N(t) −		β78B78(t)N(t)δ78P(t)		,       (9) 
 

9(#)
-#

= β456B456(t)N(t)δ456α456P(t) +	β78B78(t)N(t)δ78α78P(t)		,									(10) 
 
Eq. 7 describes the consumption of non-renewable resource N(t) by phage-sensitive and phage-
resistant bacteria. 
 
We estimated the growth rate constants βSus as the averages for the phage-sensitive CPS ‘phase-
locked’ strains (PSC, PSD/PSH, PSA/PSE) and for wt B. fragilis (Supplementary Figure 21C). 



For the phage-resistant population, we used the average of growth rate constants βFp estimated for 
the PSB/PSG CPS ‘phase-locked’ strain and for phage-resistant isolates (Supplementary Figure 
21D).  
 
Eq. 8-9 describe the population dynamics of susceptible (phage-sensitive) and phage-resistant 
cells. Since we chose to measure the resource by the number of cells it can support, the growth 
terms in eq. 8-9 are identical to the loss terms in eq. 7. Since it is assumed that phages attack only 
actively dividing cells, the death terms in eq. 8-9 consist of the cell birth rate multiplied by the 
phage concentration and the attack rates δSus and δFp. 
 
Eq. 10 describes the dynamics of the phage population. The phage population is assumed to grow 
monotonously with a rate equal to that of bacterial death multiplied by the factor α that, as in eq. 
4, accounts for the phage burst size and latency time. The phage constants δSus and αSus for the 
phage-sensitive population were obtained as described above using the data for wt B. fragilis 
(Supplementary Figure 21B). For phage-resistant cells, δFp was set to 0 to reflect absolute 
protection of these cells against the phage. Values and descriptions of model parameters are 
summarized in Supplementary Table 2. 
 
Supplementary Table 2. Values and descriptions of model parameters that were used to solve the 
system of differential equations. The analysis (eq. 1-7) is based on the approximation that phages 
do not affect bacterial growth until sudden lysis, so the parameters obtained using the fit given by 
Eq. 7 are approximate as well. To improve the accuracy of the model, the values of α were adjusted 
to better reproduce the timing of the maximum bacterial population and the beginning of massive 
lysis. This explains #multiplication by factor 2 shown in the table. 
Parameter Value Description 
βSus 2.99e-11+/-4.0e-12 (STD) 

mL/h*CFU 
Bacterial growth rate constant for phage-
sensitive cells 

βFp 2.56e-11+/-3.8e-12 (STD) 
mL/h*CFU 

Bacterial growth rate constant for phage-
resistant cells 

δSus 3.12e-11 mL/PFU Phage attack rate for phage-sensitive cells 
δFp 0 mL/PFU Phage attack rate for phage-resistant cells 
αSus 61*2# PFU/CFU Combination of phage burst size and 

latency time for phage-sensitive cells.  
αFp 61*2# PFU/CFU Combination of phage burst size and 

latency time for phage-resistant cells 
 
Interestingly, the growth rate estimated for phage-resistant B. fragilis strains and isolates was 14% 
lower than the growth rate for phage-sensitive strains, indicating an additional fitness burden of 
phage resistance.  
 
The system of differential equations was solved numerically using the scipy odeint library (python 
3.8) with initial conditions specified in Supplementary Table 3. 
 
 
Supplementary Table 3. Values and descriptions of initial conditions that were used to solve the 
system of differential equations. 



Variable Value Description 
N(t=0) 1.53e10 CFU/mL  Maximal average growth capacity estimated from optical 

density of B. fragilis cultures – CPS ‘phase-locked’ mutants 
and phage resistant-isolates – in the absence of phage 

BSus(t=0) 8.75e8 CFU/mL, 
8.75e8 CFU/mL, 
8.75e8 CFU/mL, 
8.02e8 CFU/mL, 
7.29e9 CFU/mL, 
2.92e8 CFU/mL 

Initial concentration of phage-sensitive cells that represent, 
respectively, 0.6 (for BFp(t=0) 0.005, 0.01, and 0.015), 0.55, 
0.50, and 0.20 fractions of all cells at time point 0. Estimated 
based on the initial optical density of the experimental B. 
fragilis culture 

BFp(t=0) 7.29e6 CFU/mL, 
1.46e7 CFU/mL, 
2.19e7 CFU/mL, 
7.29e7 CFU/mL, 
1.46e8 CFU/mL, 
5.83e8 CFU/mL 

Tested initial concentrations of phage-resistant cells, which 
represent, respectively, 0.005, 0.01, 0.015, 0.05, 0.1, and 0.4 
fractions of all cells at time point 0 

P(t=0) 87500 PFU/mL Initial concentration of the Bf12P1 phage. Concentration is 
known because a phage aliquot with a known titer was used 
in the experiment 

 
Modeling results are shown in Supplementary Figures 21E-F. The model captures the main 
growth stages of the wt B. fragilis culture in the presence of Bf12P1, such as initial growth of 
phage-sensitive cells (up to 4 h) followed by culture collapse (at 4 h) caused by dramatic lysis, and 
a slow re-growth of phage-resistant cells after 10-12 h (Supplementary Figure 21E). Varying 
initial concentrations of phage-resistant cells, we showed that those cells likely comprise a fraction 
between 0.5% and 1.5% of the initial wt population (Supplementary Figure 21F). Modelling of 
increased fractions of phage-resistant cells showed earlier outgrowth of a culture and a different 
overall shape of a growth curve (for 40% fraction) (Supplementary Figure 21E). 
 
It should be noted that the model has several limitations. First, parameters were fitted based on 
optical density data, which is not a perfect proxy for the concentration of viable cells. Second, 
upon lysis, cell debris creates residual optical density which cannot be described by the model, 
causing deviations from the experimental data (see the region between 5 and 16 h in the plots). 
Third, the model does not account for phage absorption on dead and phage-resistant cells, which 
might cause a reduction in the effective phage concentration. Fourth, the model does not account 
for possible switching between phage-sensitive and phage-resistant categories during the culture 
growth caused by ongoing phase variation or epigenetics. Particularly, we speculate that the 
seemingly reduced growth rates of phage-resistant cells at late stages of growth (after 20 h), which 
is not currently shown by the model, may be caused by switching to phage-sensitive cells. 
  



Supplementary Figures 
 
 

 
Supplementary Figure 1 
Characterization of a novel lytic bacteriophage Bf12P1. (A) Transmission electron microscopy 
images of Bf12P1 phage alone and with B. fragilis. (B) Comparison of the Bf12P1genome to those 
of closely related viruses, indicating intergenomic similarity, was performed by VIRIDIC.  The 
most closely related genome to Bf12P2 is Bacteroides phage Barc2635 with 89.0% similarity. (C) 
Visible lysis of B. fragilis on plates with Bf12P1, in different concentrations as indicated by 
dilution factors. (D) Bf12P1 one-step growth curve with B. fragilis NCTC 9343 wt. The data 
average for two biological replicates is shown. Error bars indicate SEM.  
  



 
Supplementary Figure 2 
Genomic comparison of Bf12P1, Barc2635, and related phages from the “proteome 
community” 506, revealed with iLund4u (79). Genes are color-coded according to their 
predicted functions. Genes of a variability hotspot corresponding to a cluster of Bf12P1 middle 
genes (genes 29-43) are colored in light brown. 
 
  



 

 

 
 
Supplementary Figure 3 
M30 experiment performed prior to F3 yielded slightly lower mRNA capture but similar 
overall findings to F3. (A) B. fragilis, and (B) Bf12P1 filtered mRNA UMIs/cell for untreated 
and phage-treated samples from M30 experiment. (C) UMAP embedding of both treated and 
untreated samples from M30, using both B. fragilis and Bf12P1 genes, colored by sample. (D) 
Alignment of M30 cells to concatenated B. fragilis and B. subtilis genomes demonstrates single-
cell resolution of the experiment. M30 experiment included B. subtilis cells indexed by a dedicated 
set of first barcode wells for validating the single-cell resolution.  
 
  



 
 
 

 
Supplementary Figure 4 
Comparison of data from M30 and two replicate libraries of F3 experiments. (A) UMAP 
embedding of all samples, using both B. fragilis and Bf12P1 genes, colored by technical replicate 
libraries from the F3 experiment (labeled 6K and 12K). (B) Comparison of initial UMI/cell 
filtering thresholds for M30 experiment and both libraries from the F3 experiment, showing that 
F3 experiment yielded higher resolution data. (C-E) UMAPs of combined phage-treated and 
untreated samples for F3 12K library and M30, colored by either sample from each experiment 
(C), clusters by Louvain clustering algorithm (D), or abundance of phage transcripts per cell (E). 
(F) Top 10 expressed genes corresponding to each Louvain cluster from panel D.  



 
 
Supplementary Figure 5 
Correlation of expression between summed microSPLiT data and bulk RNA sequencing. 
Correlation (Pearson) of expression between summed expression data from (A) phage-treated 
cells, and (B) untreated cells in the F3 12K library, compared to bulk RNA sequencing of phage-
treated sample. Genes with zero expression levels were excluded, while tRNA/rRNA were 
included. 
  



 

 
 

 
Supplementary Figure 6 
Clusters identified in microSPLiT dataset. (A) UMAP of all samples with B. fragilis and phage 
genes, colored by sample name: untreated (BF), phage-treated (Phage), DCA-treated (DCA), and 
both phage and DCA treatments (P_DCA). (B) UMAP of the untreated and phage-treated samples, 
using only B. fragilis genes from the no-DCA dataset, colored by labeled Louvain clusters and (C) 
corresponding top 10 genes for each cluster. 
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Supplementary Figure 7 
Patterns of both B. fragilis and phage gene expression along pseudotime. (A) Top 10 B. fragilis 
genes expressed by cells categorized into each pseudotime bin, colored by the normalized 
expression, and used for subsequent functional category analysis. (B) All Bf12P1 genes, colored 
by the normalized expression in each pseudotime bin and sorted into functional categories, 
including genes with unknown functions. (C-D) Relative abundance of (C) selected B. fragilis 
functional categories and (D) selected Bf12P1 functional categories over pseudotime bins. 
  



 

 
 
Supplementary Figure 8 
Transcription start sites (TSS) and promoters identified in the Bf12P1 genome. MicroSPLiT 
read density (blue track) and sequence are shown for each putative TSS. Positions of TSS, -7 and 
-33 elements of putative promoters are shown with dashed lines and rectangles. 
  



 
 
Supplementary Figure 9 
Co-expression of Bf12P1 genes. Density of microSPLiT reads for the Bf12P1 genome is shown 
on top for forward (top track, blue) and reverse (bottom track, red) strands. Coverage depth limits 
are indicated in brackets. The heatmap below represents co-expression scores calculated between 



Bf12P1 genes. Gene clusters identified based on the following: a) reads density, b) clusters of co-
expressed genes, c) median pseudotime values (Figure 2K), are labeled between genomic tracks 
and the heatmap. 
  



 

 
 
Supplementary Figure 10 
The structure and transcription regulation of the Tsr16-associated gene cluster. (A) 
Functional gene of microSPLiT reads for the Tsr16-associated gene cluster. (B) A contingency 
table showing association between orientations of the regulatory region (derived from read 
alignment) and transcription of the Tsr16-associated gene cluster (derived from microSPLiT data). 
  



 
 
 
Supplementary Figure 11 
Distributions of cells expressing each CPS type. Summed expression values for each of the CPS 
operons PSA through PSH shown on a UMAP embedding of all samples with both B. fragilis and 
phage transcripts, colored by CPS. 
  



 
 
Supplementary Figure 12 
CPS operon and gene co-expression. Co-expression score matrices of all CPS operons with one 
another (inter-operon co-expression), as well as genes within each CPS operon and 2-3 adjacent 
genes together (individual CPS operons). 
 
 

 
 



 
 
Supplementary Figure 13 
Differentially expressed genes between the phage-treated uninfected and infected cells. 
Defense genes are genes involved in anti-bacteriophage defense systems that were annotated in 
the data using DefenseFinder (Supplementary Data 6). Each gene in a CPS operon is colored 
according to the CPS type (Supplementary Data 2). 
  



 
 
Supplementary Figure 14 
Putative defense systems expressed in the microSPLiT dataset. Summed expression values for 
each of the defense systems, as annotated by DefenseFinder, are shown on a UMAP embedding 
of all samples with both B. fragilis and phage transcripts.  



 
 
Supplementary Figure 15 
Distributions of cells expressing each CPS type between sample subsets. (A) Proportions of 
CPS types for each sample, including untreated, phage-treated, uninfected, and infected cells. (B) 
Relative changes in fractions of each CPS type between marked subsets of cells. 
  



           

 
 
Supplementary Figure 16 
Observed infection chances for phage-resistant CPS subgroups expressing antiphage defense 
systems compared against Monte Carlo null distributions. Histograms (light blue) represent 
null distributions of infection chance generated by resampling cells from the relevant CPS 
background pool. The black dashed line indicates the observed infection chance for the indicated 
subgroup. Empirical p-values were calculated as the fraction of null values equal to or less than 
the observed (see Supplementary Table 1 for additional information, including sample size). 
 
 
 



 
Supplementary Figure 17 
Comparison of infection chances for distinct phenotypes in the DCA dataset to the cells in 
the no-DCA dataset. (A) Infection chance for cells expressing each CPS type in DCA conditions. 
(B) Chance of infection for cells expressing each CPS type or Tsr16-associated gene cluster above 
multiple indicated thresholds of expression. (C) Correlation between absolute chance of infection 
values for cells expressing different CPS and defense system combinations, for the DCA and no-
DCA conditions. Data is shown for combinations detected in both conditions. (D) Relative chance 
of infection for DCA-treated cells co-expressing each CPS type and the indicated anti-phage 
defense mechanisms simultaneously. Subpopulations with less than 10 cells were excluded from 
the analysis (labeled in gray). (E) Relative chance of infection for DCA-treated cells co-expressing 
each CPS type and Tsr16-adjacent region above indicated expression thresholds. 
  



 
Supplementary Figure 18 
Verification of promoter orientations for CPS ‘phase-locked’ B. fragilis strains. (A) Agarose 
gel electrophoresis of digested amplicons from “PSC” (L3) and “PSD/PSH” (L4) ‘phase-locked’ 
strains after PCR amplification using CPS-specific primers (80), confirming all expected promoter 
orientations. (B) Same as (A) for “PSA/PSE” (L5) and “PSB/PSG” (L6) ‘phase-locked’ strains. 
  



 
 
Supplementary Figure 19 
Phage-susceptibility of CPS ‘phase-locked’ strains and CPS promoters’ orientation in 
Bf12P1-resistant isolates, bulk culture samples, and CPS ‘phase-locked’ strains. (A) 
Representative images of 4 replicates of phage plaque assays performed with CPS ‘phase-locked’ 
B. fragilis strains and the wild-type (wt) B. fragilis strain. Phage dilutions are indicated above the 
images. (B) IGV snapshots of read coverage depth for wt B. fragilis, CPS ‘phase-locked’ (p.-l.) B. 
fragilis strains, Bf12P1-resistant isolates, and bulk culture aliquots obtained by alignment of WGS 
reads to the synthetic reference sequence prepared by concatenation of CPS operons promoter 



regions in ‘OFF’ and ‘ON’ states. The coverage depth was used for the quantification of CPS 
operons’ promoter states shown in Figure 4D. 
 
 
 
 
  



 
 
Supplementary Figure 20 
Location of acquired CRISPR-Cas spacers in the Bf12P1 genome. A protospacer perfectly 
matching the CRISPR-Cas IIC spacer, acquired by the resistant isolate 6C, is located in gene 25, 
while a degenerate protospacer with two mismatches, found in the ancestral strain, is located in 
gene 28. 
  



 



 
 

 
 
Supplementary Figure 21 
Modelling of B. fragilis culture infection with Bf12P1 phage. (A) Growth curves for the liquid 
culture phage assay performed with the B. fragilis wt culture. Bf12P1 was added at time point 0 at 
indicated multiplicities of infection (MOIs); the black curve shows the untreated sample. Shaded 
curves represent a 0.95 confidence interval of the mean of three biological replicates. Black arrows 
indicate growth curve points where B. fragilis cultures started to collapse due to lysis by Bf12P1. 
(B) B. fragilis culture concentration at culture collapse points (indicated in panel B) as a function 
of the logarithm of initial Bf12P1 titer. Culture concentration in CFU/mL was assessed by optical 
density of the culture. The dashed line represents linear regression. (C) Quantification of growth 
rate constants for CPS ‘phase-locked’ B. fragilis strains and wt B. fragilis. Dashed lines represent 
linear regressions. Shade represents 0.95 confidence intervals of the mean of culture concentration 
(solid line). (D) Quantification of growth rate constants for phage-resistant B. fragilis strains and 
wt B. fragilis. Legend is the same as for panel C. (E) Modelling of wt B. fragilis culture growth in 
the presence of Bf12P1 phage. The black curve with shadow (the 0.95 confidence interval) shows 
experimental data. Orange and red curves represent modelled dynamics for, respectively, phage-
sensitive and phage-resistant populations of cells. Gray curve and red curves represent non-
dividing cells (at time point 0) and total concentration of cells (cells of all categories), respectively. 
The green curve represents the concentration of Bf12P1 particles; the blue curve represents the 
concentration of nutrients available for B. fragilis growth. Three plots show modelled dynamics 
for B. fragilis cultures with different initial fractions of phage-resistant cells (0.005-0.40). (F) 
Overlay of modelled dynamics for phage-resistant populations of B. fragilis cells and total 
concentrations of cells showed on panel E. Culture concentrations in CFU/mL were assessed by 
optical density of cultures for panels B-F. 
 


