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Supplementary Figure 1 

Layout of the microfluidic chip. 

Image adapted from (Baltekin et al. 2017 
13

). The holes punched in the PDMS before bonding it to the PDMS are 2.0 (media in, front 
channel), 7.0 and 8.0 (waste port, front channel), 5.1 and 5.2 (waste port, back channel), 2.1 and 2.2 (cell loading or waste port, front 
channel). 



Supplementary Figure 2 

Test strain CRISPRi growth assay. 

Identical line style indicates three replicate cultures from three different colonies of the same plasmid construct in the test strain. No 
sgRNA: Negative sgRNA control plasmid pGuide-empty. lacY sgRNA: sgRNA against lacY from plasmid pGuide-P1-lacY. Glucose or 
lactose was used as supplemental carbon source and dCas9 expression/CRISPRi was induced with aTc (+ aTc). This assay was 
carried out once. 





Supplementary Figure 3  

Comparison of relative abundances of genotypes in DuMPLING and NGS experiments. 

Horizontal axis: Relative abundance of each strain as measured by next generation sequencing. (Raw sequence counts given in 
Supplementary Table 2) Vertical Axis: Relative abundance of each strain in the microfluidic chip. (The number of measurements for 
each genotype is equal to its number of traps as given in Supplementary Table 1.) Colors of dots indicate the growth rate of each 
genotype as estimated by NGS. 



Supplementary Figure 4  

Quantified genotype probe fluorescence. 

Histogram of average cell pixel intensity per trap after background reduction in logarithmic scale. The lower intensity fluorescence 
peaks are fitted to Gaussians (solid red line) and genotypes are determined when the probe fluorescence signal reaches above 7 times 
the standard deviations (dashed red lines) of the fitted Gaussians. See Online Methods 3.2 for details of how to determine genotypes. 



Supplementary Figure 5 

Estimating initiation volume. 

A. (left) Fork distribution plot of ref strain (same data as Fig. 3E). Horizontal is SeqA-YFP cluster location along the long axis of the cell, 
vertical is cell size, color indicates the probability of finding a SeqA-YFP foci at a given position along the cell long axis for a given cell 
size. Initiation size (red dashed line) corresponds to the average of individually tracked replication forks. (right)  Estimating initiation size 
(dashed red line) by fitting an error function (solid red line) to bulk data (blue squares) from the regions |x|>0.44 μm in the forkplot. B.
(left) Same as Fig. 2C. (right) Estimating initiation size (dashed red line) by fitting a Gaussian (solid red line) to the relative histogram of 
single cell initiation sizes. C. Same as Fig. 3F in main text.



Supplementary Figure 6 

Fork plot distributions for replica experiments of library subpool 1. 

r stands for the run number, n stands for the number of traps detected for each genotype. Dashed and solid lines as defined in Fig. 3E. 
The range of the horizontal and vertical axes is the same for each fork distribution and the same as in Figs 3E and 4G. 



Supplementary Figure 7 

Fork plot distributions for replica experiments of library subpool 2. 

r stands for the run number, n stands for the number of traps detected for each genotype. Dashed and solid lines as defined in Fig. 3E. 
The range of the horizontal and vertical axes is the same for each fork distribution and the same as in Figs 3E and 4G. 



Supplementary Figure 8 

Fork plot distributions for replica experiments of library subpool 3. 

r stands for the run number, n stands for the number of traps detected for each genotype. Dashed and solid lines as defined in Fig. 3E. 
The range of the horizontal and vertical axes is the same for each fork distribution and the same as in Figs 3E and 4G. 



Supplementary Figure 9 

Fork plot distributions for replica experiments of library subpool 4. 

r stands for the run number, n stands for the number of traps detected for each genotype. Dashed and solid lines as defined in Fig. 3E. 
The range of the horizontal and vertical axes is the same for each fork distribution and the same as in Figs 3E and 4G. 



Supplementary Figure 10 

Fork plot distributions for replica experiments of library subpool 5. 

r stands for the run number, n stands for the number of traps detected for each genotype. Dashed and solid lines as defined in Fig. 3E. 
The range of the horizontal and vertical axes is the same for each fork distribution and the same as in Figs 3E and 4G. 



Supplementary Figure 11 

Fork plot distributions for replica experiments of library subpool 6. 

r stands for the run number, n stands for the number of traps detected for each genotype. Dashed and solid lines as defined in Fig. 3E. 
The range of the horizontal and vertical axes is the same for each fork distribution and the same as in Figs 3E and 4G. 



Supplementary Figure 12 

Correlations between replica DuMPLING experiments. 

Correlation plots for normalized average growth rate (Pearson correlation = 0.86, n=215 different strains where growth rates were 
estimated in both run 1 and run 2), normalized average birth size (Pearson correlation = 0.78, n=215 different strains where birth sizes 
were estimated in both run 1 and run 2) and normalized average initiation size (Pearson correlation = 0.74, n=191 different strains 
where initiation sizes were estimated in both run 1 and run 2) between duplicate experiments. Deviations by more than 0.1 from the 
straight line where run 1 = run 2 are indicated by names. The number of data points used to estimate each average in the three 
different panels is given in Supplementary Table 1. Reference control strain (ref) is indicated with red dots. 



Supplementary Notes 

Supplementary Note 1: q-PCR repression ratios 

1.1 Repression ratio measurements of selected library members 
Plasmids corresponding to individual library members (and hence targeting a particular gene) were             
transformed into the DuMPLING test strain (Online Methods 1.1). In addition, the reference strain               
(EL702), with a plasmid containing a non-targeting spacer, was used as an unrepressed reference for               
calculating repression ratios. 

For each experiment, the DuMPLING test strain with non-targeting spacer as well as one or more test                 
strains containing spacers against particular genes of interest were inoculated from glycerol cryostock into              
LB supplemented with 25 ug/ml kanamycin and grown at 37 °C to saturation (approximately 8 hours).                
These cultures were subsequently diluted 1:3000 into 12 ml GM supplemented with 25 ug/ml kanamycin               
and 1 ng/ml aTc and grown at 26 °C to OD600 ≈ 0.2 (approximately 12 hours). 500 ul of each culture was                      
harvested by centrifugation for 5 min at 3000 g, from which total RNA was extracted according to the                  
manufacturer’s instructions using a PureLink RNA Mini Kit (Thermo Scientific).  

For each sample, the purified RNA was digested with DNase I to remove any potential remaining                
genomic DNA and then used as a template for random-hexamer-primed cDNA synthesis by SuperScript              
IV Reverse Transcriptase (Life Technologies), according to the manufacturer’s instructions. qRT-PCR           
using SYBR Green Real-Time PCR Master Mix (Thermo Fisher Scientific) was then performed on each               
sample with at least two primer pairs, one targeting the mRNA of the gene of interest and one targeting                   
the housekeeping gene hcaT. qRT-PCR was performed on the control sample with primers targeting hcaT               
as well as all other mRNA to be measured in the experiment. 

The repression ratio for a given gene is defined as the ratio of mRNA expression with the non-targeting                  
sgRNA to expression with the sgRNA targeting the gene. hcaT expression levels were used to normalize                
variations in the total amount of RNA between different samples. The expression for the repression ratio                
of a given gene is given by 

 RR = (1+εgene)^(ΔCt,gene)/(1+εhcat)^(ΔCt,hcaT) 

where εgene and εhcat are the qPCR efficiencies (as measured with standard curves) of the primer pair                 
targeting the gene of interest and hcaT, respectively; ΔCt,gene = Ct,gene,repr - Ct,gene,ctrl where Ct,gene,repr is the                 
threshold cycle of the gene of interest for the repressed sample and Ct,gene,ctrl is the threshold cycle of the                   
gene of interest for the control (unrepressed) sample; and ΔCt,hcaT represents the analogous quantity for the                
housekeeping gene hcaT. Mean and standard error of repression ratios for individually constructed strains              
are reported in Table ST1. 
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 Mean RR SEM RR 

lpp 26.0 14.7 

clpP 83.3 29.5 

dnaQ 89.5 7.0 

recA 60.7 13.0 

fis 254.7 97.5 

diaA 4.7 0.1 

ihfA 34.4 5.7 

ihfB 67.5 21.4 

uvrD 11.4 1.4 

pgsA 13.8 0.7* 

dps 150.1 83.7 

hsdR 4.1 0.2 

mutS 18.6 6.2 

rob 1.3 0.3 

yafN 5.4 0.6 

 
Table ST1 Repression ratios for individually constructed strains. (n=3 independent cultures                     
started on separate occasions from the same cryostock for all strains except pgsA; * n=2 for                               
pgsA.) 

  

2 



Supplementary Note 2: Combinatorial FISH and comparison to other in          
situ genotyping methods 

2.1 Combinatorial FISH 
 
The combinatorial FISH experiments were performed mainly as those described in the main text but using                
the sample containing the full library (EL463). The main difference is in the genotyping: for sequential                
FISH, in each round 4 new genotypes are targeted (one for each fluorescent channel see, Fig. 1 in the                   
main text). There is no stripping, so once a trap begins fluorescing it will continue to do so until the end of                      
the experiment. The traps associated with the genotype targeted in a given hybridization round are               
identified by determining which traps began to fluoresce in that hybridization round. For combinatorial              
FISH, in each round each strain fluoresced in one of three channels: Cy3 (or TYE 563), Texas Red or Cy5                    
(or TYE 665). The probes were then stripped and the strains were reprobed, for a total of 6 rounds (one                    
extra round for error correction). While this approach scales well with the number of rounds of probing                 
(with R rounds of N colors you can encode N^R strains, or N^(R-1) with one round of error correction),                   
due to constraints of the microfluidics (slow and incomplete stripping in the chip) and probe library                
generation (low concentration of readout probes), one cycle took 24 h.  
 
The genotyping by combinatorial FISH was performed as in 2, but with 3 rather than 2 fluorescence                 
channels were used: Cy3, Texas Red and Cy5. The ssDNA templates for generating the probes were                
amplified as described in 16. The amplified and readout-round specific final ssDNA product was then used                
as a template for elongation of fluorescently labelled primers as described in 2,17. This resulted in 6 pools                  
of probes in 3 fluorescent channels. 
 
Supplementary Fig. SN2.1 provides an example of genotyping by combinatorial FISH. The first 5 rounds               
are sufficient for genotyping (3^5=243) and the 6th round acts as error correction, that is each barcode has                  
a Hamming distance of two from all others in the codebook.  
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Supplementary Fig. SN2.1 Example of 6 rounds of combinatorial FISH. As an example, cell              
trap 1 is highlighted with the readout color in each round. The resulting code is “RBGGRB”                
which corresponds to the knockdown of the gene pbpC (Penicillin-binding protein 1C).            
Similarly, the strains in the other channels can be identified. This experiment was performed              
twice. 

2.2 Alternative genotyping strategies 
 
One thread of alternative strategies is related to the combinatorial FISH strategy above. Sequential FISH               
approaches, where primary probes with multiple readout sequences (>60 nt) are hybridized to target              
RNA, are a powerful way to scale up the combinatorial approach described above 16,18,19. Recently the                
approach has been scaled to 10,000 genes, with 24 primary probes per gene (240,000 primary probes                
total) and 240 readout sequences, highlighting that hybridization probes can easily differentiate among a              
large pool of RNA and barcode sequences 20. This type of approach has been successfully implemented                
for an image based phenotype screen of a pooled library adhered to a coverslip 21. However, we found that                   
oligos >40 nt tended to aggregate nonspecifically in the traps, leading to bright signal in all traps in all                   
readout rounds (Supplementary Fig. SN2.2), which renders sequential FISH approaches based on primary             
probes with multiple readouts not feasible. Presumably this is related to the PDMS used to make the chip                  
and the close confines of the traps forcing greater interaction between the oligos and the PDMS (we note                  
that the nonspecific signal appeared only in the traps and not in the wider main channel, and generally                  
was strongest at the inlet to the traps), though we cannot provide a complete explanation for what we                  
observe. 
 
A second thread of strategies involves the use of enzymes to sequence the barcodes in situ. These                 
approaches, which involve reverse transcription, making a circular piece of DNA (e.g. with padlock              
probes or circligase on cDNA) with the readout sequence on it. This circular DNA is then amplified using                  
rolling circle amplification, allowing the reading out of individual bases (though the efficiency tends to be                
much lower than the FISH based techniques) 22–24, allowing for potentially more concise barcode              
sequences. However, we were unable to get reverse transcriptase (with random decamers to prime              
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synthesis of the entire transcriptome and dNTPs spiked with Cy3 labelled dCTPs as a readout), a                
fundamental step in all these methods, to work in PDMS. Again, this is likely due to the hydrophobic                  
nature of PDMS and the small cross-sectional area of the traps. One possible solution to open up                 
DuMPLING to enzymatic in situ genotyping methods could be to switch the material of the chip from                 
PDMS to something more suited to enzymatic activity. 

 
Supplementary Fig. SN2.2 Oligos longer than 40 nt aggregate in traps. A. Design of primary               
barcoded RNA, primary probes and readout probes. The chip was loaded such that the traps in                
the top panel of B have a strain targeted by a primary probe with associated Cy3 labelled readout                  
probe (green) and the traps in the bottom panel of B have a strain targeted by a primary probe                   
with associated Cy5 labelled readout probe (red) B. The primary probes aggregate randomly,             
often at the top of the traps, resulting in nonspecific fluorescent signal. Blue is DAPI staining.                
This experiment was conducted twice. 
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Supplementary Note 3: Next generation sequencing bulk growth rates 

3.1 Growth 
Glycerol cryostock of EL463 (containing a mixture of all library members) was inoculated into 3 ml LB                 
media supplemented with 25 ug/ml kanamycin and grown to saturation at 37 °C. This starter culture was                 
then diluted 1:21 into 25 ml competition media (GM (see online methods 2.1) supplemented with 25                 
ug/ml kanamycin and 1 pg/μl aTc) and grown for 6 h at 26 °C, in order to allow dCas9 expression levels                     
to reach steady state. A negative control culture was grown in parallel in identical media without aTc.                 
dCas9 should not be expressed in these cells and thus all library members should exhibit the same fitness.                  
After 6 h, 20 ml of both cultures were spun down and miniprepped to harvest plasmids. The abundances                  
of the various library members at this time were taken as a baseline prior to pooled competition. 
 
The remaining cultures were diluted 1:440 into fresh flasks of competition media (with or without aTc)                
and grown for 12 h at 26 °C. As before, 20 ml of each culture was then spun down and miniprepped. The                      
relative growth rate of each library member is calculated from the change in abundance between these                
two timepoints, as described below. 

3.2 Initial amplification of miniprepped samples 
For all elongation and PCR steps, each of the four samples (with or without aTc, before and after growth)                   
was handled separately. The miniprep product was PCR amplified with primers illu-N20-handle-rv and             
illu-N20-d0-fw (Illumina), which amplify the region containing barcode and sgRNA. The resulting            
product was DpnI digested overnight to eliminate the original plasmid template, then purified with the               
NEB Monarch kit. This product contains the barcode and sgRNA regions of the pGuide plasmid, flanked                
by dual UMIs, flanked by adapters for subsequent PCR amplification.  

3.3 Addition of Illumina indices and adapters 
Each of the four samples was then individually limited-cycle PCR amplified with primers containing the               
Illumina flow cell adapters as well as sample-specific indices to enable demultiplexing after sequencing.              
The PCR products were purified and their concentrations measured using a Qubit fluorometer. All four               
samples were then pooled at equimolar ratios and run on an Illumina iSeq sequencer. 
 

3.4 Sequence analysis, computation of relative growth rates and frequency of           
chimeras 
Samples were automatically demultiplexed on the Illumina iSeq machine and analysed separately.            
Forward and reverse reads were first joined using the fastq-join software utility 14. Each joined sequence                
was then assigned to a particular barcode-sgRNA pair by aligning its barcode and sgRNA regions               
separately against the lists of possible barcodes and sgRNAs. Sequences whose barcode or sgRNA could               
not be successfully aligned were discarded. Note that each sgRNA is associated with a particular barcode,                
but sequences with the "wrong" barcode for a given sgRNA were not discarded, in order to enable                 
analysis of potential formation of hybrid sequences during PCR steps. 
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Sequences with identical UMIs were then deduplicated using the umi-tools software package 15. The              
sequences were then subjected to another round of quality control in which sequences fulfilling any of the                 
following criteria were discarded: 1. an overall mutation rate greater than 5% across the sequence 2.                
insertions or deletions in the sgRNA or sgRNA promoter regions 3. more than one SNP mutation in the                  
sgRNA. Finally, the number of unique, quality-controlled sequences corresponding to each library            
member was computed. The incidence of “chimera” sequences (i.e., sequences with an incorrect             
association between barcode and sgRNA) varied between 0.58% to 0.73% across the four samples,              
indicating that occurrence of chimeras in the library and their formation during PCR was rare. Relevant                
NGS statistics for each strain are available in Supplementary Table S4. 
 

3.5 Computation of growth rates from abundances 
All growth rates are computed relative to the growth rate of the reference strain. Let T represent the                  
doubling time of the reference strain, t represent the elapsed time of the experiment, X0 represent the                 
abundance (i.e. number of sequence counts) of the strain of interest at time zero, W0 represent the                 
abundance of the reference strain at time zero, X represent the abundance of the strain of interest at time t,                    
W represent the abundance of the reference strain at time t. Then the relative growth rate r of the strain of                     
interest is given by r = 1 + (T/ln(2)/t)(ln(W0/X0) + ln(X/W)). This growth rate was calculated for all                  
library members with the abundances given by the number of occurrences of the appropriate strain in the                 
sequencing data after quality control as described above. Error bars were determined by bootstrapping. 
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Supplementary Note 4: Additional Control Experiments 

4.1 Error frequency in the sgRNA sequences and the sgRNA promoters.  
If there are insertions, deletions or substitutions in the sgRNA coding sequence, or the promoter driving it,                 
a fraction of the cells will not be repressed in gene X although they are expressing the barcode for gene X.                     
Based on  next generation sequencing ( NGS) of the library used in the DuMPLING screen we identified                
sequences that may lead to loss of repression (see Supplementary Note 3). In conditions without induction                
of dCas9 expression, we find that 16 % of the total number of reads in NGS have this potential loss of                     
repression. By grouping the sequences based on barcode we find that the average fraction of loss of                 
repression per genotype is 20 % with a coefficient of variation of 56 %. Three examples of how the                   
mutations are distributed over the barcode and the sgRNA are shown in Supplementary Fig. SN4.1. The                
most likely source of these type of sequence errors are mistakes in the DNA oligo synthesis. The stated                  
error frequency of the oligo pool is 0.5 % per base (CustomArray) and the total length of the sgRNA and                    
its core promoter that are synthesized in the oligo is 60 nt. This means that the probability that all 60 bases                     
are error-free for an oligo is ~74 %. Therefore, we would expect about 26% of all library members to                   
have >= 1 error in the sgRNA-relevant parts, of which most are expected to be deletions. Some of these                   
deletions will have a marginal effect (for example, deletions in the non-seed region of the sgRNA);                
therefore 26 % represents a conservative upper bound on the fraction of plasmids that will fail to                 
effectively knockdown their designated target. Thus, our observed sgRNA error frequency (16 %) is well               
under the bound of expected synthesis errors. In the sections that follow we will describe the effects of the                   
sequence errors on the DuMPLING screen. 

Supplementary Fig. SN4.1 Plots of error frequencies per base as determined by NGS in  seqA               
(n=4515 sequence reads) ,  yfp  (n=7203)  and  clpP (n=1156) oligos. NB: The high error zones outside               
the barcode (cyan) and sgRNA (green) coding regions are artifacts resulting from large numbers of               
repeated bases in these regions. Experiment was carried out once. 

4.2 Variability in phenotypes as seen by microscopy 
To address what effect the synthesis errors described in the section above have on the phenotypes in the                  
microscopy experiments of the DuMPLING library we used the traps genotyped as  yfp  and  seqA . The                
average phenotypes for these two genotypes are loss of fluorescent SeqA-YFP foci (Fig. 4). There will,                
however, also exist a number of cell traps where the phenotype is closer to  ref (fork distribution plots                  
outlined in red dashed squares in Supplementary Fig. SN4.2). We found that 39 out of 339 traps (12 %) of                    
yfp and 8 out of 104 (8 %) of  seqA have a  ref like phenotype. Based on NGS, the frequency of correct                      
barcodes with errors that cause the sgRNA to be defective was 20 % and 14 % for the  yfp and  seqA                     
respectively. The genotype of each of the 39  ref -like traps for  yfp  was manually checked and we found 4                   
errors in the calling of the genotype (we note that all 4 errors occur in the same position and are due to a                       
big artefact in the PDMS, which is very bright in the TYE563 channel). For  seqA we found 4 erroneously                   
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genotyped traps which were due to aggregates of fluorescent probes in the traps. Due to the low frequency                  
of errors in the genotyping of  yfp  and the low frequency of chimeras (see Supplementary Note 3) we                  
attribute the majority of variability in phenotypes to synthesis errors in the sgRNA and its promoter.  

Supplementary Fig. SN4.2  Fork distribution plot (as in Fig 3E) for  yfp  in run 1 of library subpool 4,                   
but for each trap individually.  Red dashed squares indicate traps counted as  ref -like. 
 

4.3 Accuracy in genotyping and phenotyping 
To further validate our mapping between genotypes and phenotypes, the results for a number of               
individual strains of the DuMPLING screen were compared to the corresponding CRISPRi strains that              
were cloned one at a time. The results are shown in Supplementary Table 4. The majority of strains show                   
the same qualitative phenotype in the DuMPLING screen as in the single gene CRISPRi strains,  i.e.  dedD                 
displays a significantly larger division size,  yajC displays a significantly lower growth rate,  dnaQ displays               
both larger initiation and division size,  pgsA is impaired in growth rate,  recA has a smaller initiation size                  
and growth rate, and  fis  has a larger initiation size and division size.  
 
Quantitatively there are also interesting discrepancies. Both  yajC and  clpP show a more severe growth               
impairment in the single gene CRISPRi strain than in the DuMPLING experiment. The growth rate               
distribution of  clpP in experimental run 2 and 3 of the DuMPLING screen shows a bimodal distribution                 
(Supplementary Fig. SN4.3A). We note that the figures in the main text are composed from run 1, so the                   
values for  clpP  there represent the true phenotype and the high CV is not due to the bimodal distribution                   
observed in run 2 and 3. By classifying the  clpP cells in experiment run 3 based on the average growth                    
rate of the respective trap and producing fork distribution plots we find two distinct phenotypes, where                
one is close to the individually constructed  clpP CRISPRi strain (Supplementary Fig. SN4.3C-D) and the               
other is close to the  ref  strain (Supplementary Fig. SN4.3B).  
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Supplementary Fig. SN4.3  A. Growth rate distributions for  clpP  traps in three replicate DuMPLING              
experiments (run 1-3), for the single gene  clpP  knockdown (KD), and for  ref in the third replicate                 
DuMPLING experiment. The number of growth rate estimates used for the growth rate distributions              
are 1775, 366 and 2820 for run 1, run 2 and run 3, respectively. Fork distribution plots as in Fig. 3E                     
for  clpP for traps in run 3 categorized as  B.  fast or  C. slow.  D.  Fork distribution plot for the single                     
gene CRISPRi of  clpP . Splitting run 2 in fast and slow categories give similar results as in B and C.                    
Experiment in  D  was carried out once. 
 

4.3.1 Traps that appear in multiple fluorescent channels 
Traps with strains that exhibited multiple dye peaks during genotyping were excluded from analysis and               
made up 6.5 % of genotypable traps. As we can only detect multiple probe binding with different dyes,                  
this percentage should correspond to approximately 75 % of the estimated total that then amounts to 8.7                 
%. The fraction of multiple binding of probes of the same fluorescence channel are not removed from the                  
dataset (because they can not be detected), and thus could contribute to incorrect genotyping. Potential               
causes for multiple genotyping signals could be that some cells were randomly transformed with multiple               
plasmids in the library generation step, that some probes bind other barcodes unspecifically, or cells from                
multiple strains inhabit the same trap. However, the strong correlation between growth rate data obtained               
from the DuMPLING screen with data from the bulk sequencing competition assay (Fig. 3D), and that the                 
individually constructed control strains reproduce the DuMPLING-derived phenotypes (Supplementary         
Table 4), imply that in general probes bind their barcodes specifically. Thus, the primary reason for                
multiple dye peaks during genotyping is most probably multiple plasmid transformation. While this is              
generally not problematic, as most cases of traps with multiple peaks can be excluded from analysis, the                 
occurrence of multiple plasmids per cell can be minimized by optimizing the amount of library plasmid                
DNA being used for transformation. 

4.4 CRISPRi efficiency and specificity 
To evaluate the specificity and efficiency of the CRISPRi repression we also compared the selected               
strains from the DuMPLING screen and the single gene CRISPRi strains to strains with the corresponding                
gene knocked out. The results are shown in Supplementary Table 4.  
 
yjgH has the same growth rate impairment in the two DuMPLING experiments as in the individually                
constructed strain with the same sgRNA plasmid. However, when we knock out the  yjgH gene from the                 
chromosome or repress it with a sgRNA targeting a different portion of the gene we see no growth rate                   
impairment as compared to the reference strain (Supplementary Table 4). This is therefore likely an               
example of a dCas9 off-target effect. In support of this, we found a potential off-target in the  satP gene,                   
which is an acetate/succinate:proton symporter. The sgRNA used in the DuMPLING screen would             
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require 4 mismatches and a 2 bp DNA bulge between the PAM-site and the protospacer to bind the                  
off-target sequence in satP. While we would expect such a mismatched off-target site to lead to very                 
inefficient CRISPRi, the fact that the growth-inhibited yjgH strains were grown in succinate makes it an                
attractive hypothesis.  
 
ybaN has a 7-10 % higher growth rate in the DuMPLING screen than in the case of the individually                   
cloned sgRNA strains (Supplementary Table 4). The reason for this is still unclear. Further, ybaN also has                 
11-18 % larger birth size in the DuMPLING screen and in the individually constructed strain with the                 
same sgRNA plasmid, but not in the knockout strain nor in the strain repressed with a sgRNA targeting a                   
different part of the gene. This phenotype may thus be another case of a CRISPRi off-target effect.  
 
The reason why the yajC knockout strain shows no growth impairment as compared to the ref strain,                 
while both the yajC strains in the DuMPLING screen and in the single gene knockdowns do, is most                  
likely related to the presence of secD and secF in the same operon as yajC. Both secD and secF have been                     
shown to be essential 8. A complete list of target genes, genes co-transcribed with the target genes, and                  
essential co-transcribed genes is presented in Supplementary Table 3. 

4.5 Cell-to-cell variability in CRISPRi efficiency 
To evaluate if there is heterogeneity in the phenotypic response to CRISPR induced repression we, again,                
compared the single gene CRISPRi strains to the strains with the corresponding gene knocked out.  
 
clpP has a very large CV in growth rate (Fig. 5A), which is also retained in the single gene knockdown                    
(Supplementary Table 4). To check if this variability in the growth rate stems from the CRISPRi, we                 
made a side-by-side comparison between the knockout and the single gene knockdown of clpP.              
Supplementary Fig. SN4.4 shows this comparison, with the data divided into different time windows after               
induction. Since the clpP KO and the clpP KD grow extremely slowly one can observe that the CRISPRi                  
is transiently shifting the growth rate phenotype of the KD towards that of the KO. The KO retains the                   
high growth-rate CV, which is 0.82 when calculated for the entire time-course of the experiment. This is a                  
6.5-fold increase over the ref of subpool 1 in run 1. 
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Supplementary Fig. SN4.4  Growth rate distributions for  clpP  single gene knockdown (green) and             
clpP  knockout (purple). The growth rates have been calculated for three different time-windows of              
the in total 15 h long experiment. The experiment was carried out once. 
 

dedD single knockdowns have larger average birth size than the  ref strain, and a moderate increase in CV                  
(Supplementary Table 4). Also the  dedD KO has a larger average birth size together with an increase in                  
the CV that is larger than for the knockdowns (Supplementary Table 4). This shows that it is possible to                   
have a strong CRISPRi induced phenotype without large increases in CV.  
 
The two KD to KO comparisons indicate that the CRISPRi system used here does not induce additional                 
cell-to-cell variability in the observed phenotypes. To more directly quantify the cell-to-cell variability in              
gene expression with and without CRISPRi we used a strain with identical CRISPRi system and               
fluorescently labelled LacY (LacY-Ypet) 2 from which the  cat  of  lacY-ypet-cat and a recently discovered              
phi80 were deleted. To investigate the effect of CRISPRi on LacY-Ypet expression we then inserted a                
lacY  sgRNA plasmid (strain EL1622) and a targetless negative control sgRNA plasmid (strain EL1619).              
We compared the expression in the  lacY  knockdown with the negative control and found that on average                 
the expression was repressed ~50 fold . 99.9% of the cells are repressed more than 10-fold when compared                 
to the average of the strain with targetless sgRNA (Supplementary Fig. SN4.5). The average and the                
standard deviation of the observed fluorescence density distribution without background subtraction is            
<m r,obs > =2086 (counts/px) and  σ r,obs =322 for the  lacY  KD strain (N=4344 cells) and  <m u,obs > =22291             
(counts/px) and  σ u,obs =3058 for the strain with the targetless sgRNA (N=2297 cells). The average and               
standard deviation of the fluorescence density distribution for cells lacking Ypet was found to be               
<m b > =1702 (counts/px) and  σ b =179 (N=2300 cells). We estimate the standard deviations of the             
fluorescence signals without cell background as and . The CVs are      σr =√σ2

m,obs − σ
2
b   σu =√σ2

u,obs − σ
2
b     

and for the targetless and the  lacY  repressing cells respectively. Since/ = .15σu < mu > 0  / = .95σr < mr > 0            
the comparison in CV is between high and low expression we cannot disentangle the contribution from                
stochastic fluctuations present at low number of proteins per cell and the contribution from dCas9 binding                
and unbinding.  
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The two KD to KO comparisons above show that it is possible to use CRISPRi to knock down genes                   
without increasing the cell-to-cell variability in the phenotype. However, as shown with  lacY  repression, it               
is also possible that stochastic fluctuations in expression of a gene with high phenotypic impact may give                 
phenotypic variability when the expression is strongly repressed. 

 
Supplementary Fig. SN4.5 Distribution of average cell fluorescence of LacY-Ypet in cells with             
CRISPRi against  lacY  (red) and CRISPRi against a non-existing target (blue). The average of the cell                
fluorescence intensity in cells not expressing Ypet has been subtracted from both the knockdown and               
the control. 

4.6 Cells that cannot be genotyped 
6-24 % of the cell traps could not be genotyped. For a small fraction of these, growth was so low,                    
presumably because the cells were so impaired by the sgRNA, that they did not express sufficient amounts                 
of barcode. This is supported by the fact that the strains with very severe phenotypes ( dnaT, mraZ, dnaA,                  
rplB ) are underrepresented among the genotyped cell traps as compared to the bulk uninduced NGS               
measurement ( Supplementary Fig. 3 ). In addition, approximately 13 % of the cells have a DNA synthesis                
error in the barcode sequence and are thus lost in genotyping for this reason. The rest can be attributed to                    
the threshold for calling a genotype. Since we want to make sure that the genotypes that we identify are                   
correct we will lose a fraction that has low hybridization efficiency.  
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