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Supplementary Methods

Preservative susceptibility testing. Broth MIC determination for individual preservatives was
performed essentially as described [1]. Aqueous stock solutions of preservatives were diluted (serial
doubling dilutions) in TSB (Oxoid Ltd, Basingstoke, UK) to produce a range of concentrations: 0—0.01%
Chloromethylisothiazolinone (CITMIT; Kathon CG, Dow Europe GmbH, Switzerland); 0 — 0.01%
Methylisothiazolinone (MIT; Neolone M10, Dow Europe GmbH, Switzerland); 0 — 0.08%
Benzisothiazolinone (BIT; Koralone B-120, Dow Europe GmbH, Switzerland); 0 — 2.5% phenoxyethanol
(PHE; Clariant Produkte GmbH, Germany); 0 — 0.1% Chlorhexidine (CHX; chlorhexidine digluconate;
Sigma-Aldrich Co. Ltd., Poole, UK); and 0 — 0.4% benzoic acid (BA; Sigma-Aldrich Co. Ltd., Poole, UK).
Dilutions of BA were prepared in TSB at pH 5. Approximately 10° cfu of P. aeruginosa isolates were
inoculated into 96-well microplates containing 200 ul of preservative concentration per well, followed
by shaking incubation (150 rpm) for 24 hours at 37°C. The optical density of each well at 600 nm was
recorded using a microplate reader (Tecan Infinite® 200 PRO; Tecan UK Ltd., Reading, UK). The MIC
was taken as the concentration of preservative at which there was an 80% reduction in OD from TSB
growth control wells. Two biological replicates, each with two technical replicates were performed.
The MIC data were analysed as discreet data using non-parametric statistical methods. The median of
the four replicates was recorded to obtain final MIC values. Boxplots summarised the distribution of
the MIC data for each preservative. Comparisons between strain groups from different isolation
sources were performed using a Kruskal-Wallis test and post-hoc Wilcoxon tests with Benjamini-
Hochberg correction. The group medians were deemed statistically significantly different at the

p=0.05 level.

DNA extraction. Extraction of P. aeruginosa genomic DNA from fresh overnight cultures was achieved
as described [2] using the Maxwell® 16 instrument and the Maxwell® 16 Tissue DNA purification kit
(Promega, Southampton, UK) according to the manufacturer’s instructions. DNA was RNase A treated
before long-term storage at - 20°C. DNA quality and quantity were assessed using a NanoDrop
Spectrophotometer (Thermofisher Scientific, Massachusetts, USA) and a Qubit™ fluorometer with the

Qubit™ dsDNA BR assay kit (Invitrogen, Massachusetts, USA), respectively.

Complete genome sequencing and annotation of P. aeruginosa RW109. Two Single Molecule, Real-
Time (SMRT) cells with P6/C4 chemistry on a Pacific Biosciences (PacBio, California, USA) RSIl, were
used to generate the raw sequence data. Subsequent assembly and bioinformatic analysis was carried

out using a virtual machine hosted by the Cloud Infrastructure for Microbial Bioinformatics (CLIMB)
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consortium [3]. The following protocol was used to create FASTQ DNA sequence files from the raw
data PacBio files. From each sequencing run, three bax.h5 files and one bas.h5 file (a pointer file to
the three bax.h5 files) resulted from each SMRT cell. The bax.h5 files contained the base call
information from the sequencing run, and both sets from the two SMRT cells were converted into two
separate binary format (bam) files using the bax2bam tool (v0.0.8, PacBio). The two resulting bam files
were merged and a single FASTQ was extracted using the BamTools toolkit (v2.4.0,

https://github.com/pezmaster31/bamtools). Assembly of the FASTQ sequence data was carried out

as follows. The contigs were created from FASTQ files using the Canu Assembler (v1.3) [4]. Assembled
contigs were checked for overlapping ends and trimmed where necessary using Circulator (v1.2.1) [5].
The resulting assembly was polished using the Genomic Consensus Package (v2.1.0, PacBio) The FASTA
sequence file of the RW109 genome was run though the Quality Assessment Tool for Genome
Assemblies (QUAST), (v4.5.5) [6]. The complete RW109 genome is available at
https://www.ebi.ac.uk/ena/data/view/GCA 900243355.1.

Assigning functional groups to the P. aeruginosa RW109 genome sequence. The COG functional
annotation [7] of the RW109 Prokka predicted coding sequences [8] (CDS; specifically translated
amino acid sequences) was carried out with the command line EggNOGmapper downloaded from the
evolutionary genealogy of genes: Non-supervised Orthologous Groups (EggNOG) database (v4.5.1) .
Functional orthologs were assigned using the EggNOG HMMERS3 [9, 10] based homology search to the
optimised bacterial database and the COG categories and accession numbers were extracted. COG
categories were divided into three well characterised functional classes’ information storage and
processing, cellular processes and signalling and metabolism. A poorly characterised functional class

was also used where the COG category was unknown.

RW109 genomic islands (Gls) were predicted using Islandviewer (v4.0) [11] with the Prokka generated
GeneBank file with default settings applied. The results from IslandViewer prediction methods SIGI-
HMM and IslandPath-DIMOB was used to identify the total number of Gls within the RW109 whole
genome sequence. Prophage sequences within the RW109 genome were predicted using PHAge
Search Tool Enhanced Release (PHASTER) (v1.0) [12]. Comparisons against the PHASTER databases
and feature identifications were carried out with the Prokka generated GeneBank file. Phage sequence
regions were given a PHASTER score and were identified as being complete if the score was > 90,
questionable with a score of 70-90 and incomplete with a score < 70. The ABRicate tool (v0.5-dev,
https://github.com/tseemann/abricate.git) via the command line was used to screen the Prokka

annotated nucleotide sequence of RW109 to identify antimicrobial and virulence genes using the
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Comprehensive Antibiotic Resistance Database (CARD) 2013) [13]. A 280% cut off was used for both

coverage and identity ABRicate scores.

Kyoto Encyclopedia of Genes and Genomes (KEGG) functional module assignment. KEGG Orthology
(KO) terms were assigned to the RW109 translated amino acid sequences from Prokka predicted CDS,
using the KEGG Automatic Annotation Server (KAAS) [14] through the NCBI BLAST single-directional
best hit search method, against the prokaryotes organism list. The Metabolic and Physiological
Potential Evaluator (MAPLE) tool (v2.1.0) [15], was subsequently used to map the groups of KO-
assigned CDS to KEGG defined modules. These modules are a collection of functional units linked to
specific metabolic abilities and phenotypic features, and identified with M numbers. KEGG modules
are grouped into pathway modules, structural complexes, functional sets and signature modules [15].
The percentage of a module’s completeness was determined by calculating the module completion
ratio (MCR), which evaluated how many KO components of the module were present. If all KO
assigned CDS within each module were present, the MCR was equal to 100%, according to a Boolean
algebra-like equation [15]. For each MCR, a Q-value was also calculated which indicated the
significance of the module completion. The MAPLE tool inferred that reaction modules with Q-values

of less than 0.5 were biologically feasible even if the MCR was less than 100% [15].

KEGG enrichment analyses in relation to preservative tolerance. For each preservative (BIT, MIT,
CITMIT, PHE and CHX), 4 isolates with the highest and 4 with the lowest MIC were selected for
comparative analysis of KEGG functional modules as follows. After repeat annotation with Prokka [8],
KEGG Orthology (KO) terms were assigned to the CDS of the translated amino acid sequences for each
strain, using the KEGG Automatic Annotation Server [14]. The Metabolic and Physiological Potential
Evaluator (MAPLE) tool (v2.1.0) [15] was subsequently used to map the groups of KO-assigned CDS to
KEGG defined modules (modules constituted collections of functional units linked to specific metabolic
abilities and known phenotypic features). The KEGG modules were grouped by category and the
number of complete modules for each category were compared. A Two-way ANNOVA with Sidak’s
multiple comparisons test was used to look for significantly different KEGG module numbers between

the strains with high versus low preservative MIC.

Supplementary Results

The P. aeruginosa RW109 megaplasmid copy number. Mapping of short reads to the complete

RW109 sequence using the EDGE software [16] derived fold coverage metrics of 36 +9.9,67 + 25 and
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100 + 30 (standard deviation) for the main chromosome, megaplasmid and large plasmid respectively.
The copy number of the megaplasmid was estimated to be less than 2 since the sequence coverage
was 1.8-fold greater than that of the main chromosome. The Inc-P2 plasmids that were
phylogenetically closely related to the P. aeruginosa RW109 megaplasmid (pJB37 and p0Z176; Figure
4) are also predicted to be low copy number [17, 18]. The RW109 large plasmid (Figure S4) was also
likely a low copy number given that plasmid sequence coverage was 2.7-fold greater than that for the

main chromosome.

KEGG functional module enrichment and P. aeruginosa preservative tolerance. KEGG functional
module pathway analysis was carried out on the four P. aeruginosa isolates with the highest MICs and
four with the lowest MICs for the preservatives BIT, MIT, CITMIT, PHE and CHX (Figure 1; Table S4 and
S5). The modules were grouped by category and the number of complete modules for each category
were compared for the isolates with high MIC versus the isolates with low MIC for each preservative.
Overall, there were minimal differences in the numbers of complete modules assigned to the
categories between P. aeruginosa with high and low preservative MICs, although significant
differences were identified for a small number of categories (Figure S5 and S6). Isolates with higher
BIT and MIT MICs had a significantly higher number of modules assigned to the drug resistance
category (Figure S5). Interestingly this was due to the addition of the complete multidrug resistance
efflux pump BpeEF-OprC module in the isolates RW176 and RW146, which had high BIT and MIT MICs.
P. aeruginosa isolates with low MICs for BIT and MIT were found to have a significantly higher number
of complete modules assigned to central carbohydrate metabolism when compared to those with
higher MICs for these preservatives (Figure S5). Isolates with high CITMIT (Figure S5) and PHE (Figure
S6) MICs had significantly more modules categorised as two component regulatory systems. A higher
number of modules were identified in the bacterial secretion system category for isolates with high
BIT and MIT MICs (Figure S5). Isolates with high CHX MICs were found to have significantly higher
modules identified in the central carbohydrate metabolism category (Figure S6). Detailed functional
analysis of the implicated pathways and screening of additional P. aeruginosa strains is required to

expand on these interesting preliminary findings.
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Table S1: Collection of industrial and other P. aeruginosa strains assembled and analysed in this study

Analysis performed

11

Strain Type of Isolation source and Isolation Isolation Isolation region Reference GenBank Genome
Name strain comments date region (continent) accession number comparison
(country)

AES-1R- | Clinical Australian epidemic strain Australia [19] CP013680

2482 isolated from sputum of a
14 month old infant with
cystic fibrosis

DK2 Clinical CF sputum Denmark Europe [20] CP003149

LESB58 Clinical CF sputum, Liverpool 1988 UK Europe [21] FM209186
epidemic strain

PAO1 Clinical Wound [22] AE004091

UCBPP- Clinical Burn patient [23] CP000438

PA14

C3719 Clinical CF; Manchester epidemic UK Europe [24] AAKV00000000
strain

AUS23 Clinical CF; Austrialian epidemic Australia [25] Not available
strain 2 (AES-2)

AUS52 Clinical CF; Austrialian epidemic Australia [26] Not available
strain 3 (AES-3)

PAK Clinical Widely studied; expresses [27] GCA_000568855.1
pili, flagella and
glycosylation islands

CHA Clinical Detailed phenotypic [28] Not available
characterisation available

NN2 Clinical Detailed phenotypic Germany Europe [29] LT883143
characterisation available;
Clone C

39016 Clinical Keratitis eye isolate UK Europe [30] NZ_CM001020

1709-12 Clinical Multidrug resistance; 2004 Belgium Europe [31] NZ_LZQH0000000
Serotype 012 0

Mi 162 Clinical Multidrug resistance; 1997 Michigan, North America [31] Not available
Serotype 011 USA

Jpn Environmental Lake water 2003 Japan Asia [31] Not available

1563

LMG Environmental | Water 1960-1964 Romania Europe [31] Not available

14084

Pr33s Clinical/ Nosocomial environment 1997 Czech Europe [31] Not available

Environmental Republic

CPHL Environmental Tobacco plant Phillipines Asia [31] Not available

9433

RP1 Clinical CF Germany Europe [29] LNBUO0000000

57P31P Clinical Chronic obstructive USA North America [32] Not available

A pulmonary disease

39177 Clinical Keratitis UK Europe [30] Not available

12-4- Clinical Blood culture of a burn [33] CP013696

4.59 patient

Phenotypic
testing

SPAdes
genome
assembly




19BR Clinical Collected as part of a 2002-2004 Brazil South America [34] AFXJ00000000
Brazilian surveillance study
between 2002 and 2004
213BR Clinical Collected as part of a 2002-2004 Brazil South America [34] AFXK00000000
Brazilian surveillance study
between 2002 and 2004
8380- Clinical Human gut [35] AP014839
3922
ATCC- Clinical Infected wound Not published CP017149
15692
ATCC- Clinical Unknown [36] CP015117
27853
B136-33 Clinical Infant with community Not Published CP004061
acquired diarrhoea
BAMC- Clinical Combat injury wound (Sanjar et al. CP015377
07-48 2016)
Carb01- Clinical Unknown Not published CP011317
63
DHSO01 Clinical Nose of a patient [37] CP013993
DN1 Environmental Soil, China China Not published CP017099
DSM- Clinical Hospital, Japan Japan Asia [38] CP012001
50071
F9676 Environmental Diseased rice, China China Asia Not published CP012066
F22031 Clinical Pubic bone Not published CP007399
FA-HZ1 Environmental | Wastewater, Not published CP017353
dibenzufuran_degrading
bacterium
FRD1 Clinical CF sputum Not published CP010555
IOMTU- Clinical Female participant in the Not published AP017302
133 dbGaP microbiome study
F9670 Clinical Unknown Not published CP008873
F23197 Clinical Unknown Not published CP008856
F30658 Clinical Unknown Not published CP008857
F63912 Clinical Unknown Not published CP008858
H5708 Clinical Unknown Not published CP008859
H27930 Clinical Unknown Not published CP008860
H47921 Clinical Unknown Not published CP008861
M1608 Clinical Unknown Not published CP008862
M37351 Clinical Unknown Not published CP008863
S86968 Clinical Unknown Not published CP008865
T38079 Clinical Unknown Not published CP008866
T52373 Clinical Unknown Not published CP008867
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T63266 Clinical Unknown Not published CP008868
W16407 Clinical Unknown Not published CP008869
W36662 Clinical Unknown Not published CP008870
W45909 Clinical Unknown Not published CP008871
W60856 Clinical Unknown Not published CP008864
X78812 Clinical Unknown Not published CP008872
LES431 Clinical CF sputum, Liverpool UK Europe [39] CP006937
epidemic strain
M18 Environmental Plantisolate, China China Asia [40] CP002496
MTB-1 Environmental Hexachlorocyclohexane [41] CP006853
contaminated soil
N17-1 Environmental Soil Not published CP014948
NCGM2. Clinical Isolated from a hospital in Japan Asia [42] AP012280
S1 Japan
NCGM2 Clinical Urine, Japan Not published AP014651
57
NCGM1 Clinical Urinary catheter Not published AP014622
900
NCGM1 Clinical Urinary catheter [43] AP014646
984
NCTC10 Clinical Unknown Not published LN831024
332
D1 Clinical Clinical isolate from Not published CP012585
ventilator associated
pneumonia patient
D2 Clinical Clinical isolate from Not published CP012578
ventilator associated
pneumonia patient
D5 Clinical Clinical isolate from Not published CP012579
ventilator associated
pneumonia patient
D9 Clinical Clinical isolate from Not published CP012580
ventilator associated
pneumonia patient
D16 Clinical Clinical isolate from Not published CP012581
ventilator associated
pneumonia patient
D21 Clinical Clinical isolate from Not published CP012582
ventilator associated
pneumonia patient
D22 Clinical Clinical isolate from Not published CP012583
ventilator associated
pneumonia patient
D25 Clinical Clinical isolate from Not published CP012584
ventilator associated
pneumonia patient
PAL Clinical Respiratory tract infection [44] CP004054
PALR Clinical Respiratory tract infection [44] CP004055
PA1RG Clinical/enviro Hospital sewage [45] CP012679

nmental
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PA7 Clinical Non_respiratory clinical [46] CP000744
isolate
PA1216 Clinical CF Sputum Not published CP016214
17
PACS2 Clinical CF Sputum Not published AAQWO01000001
RP73 Clinical CF Sputum [47] CP006245
SCV202 Clinical CF Lung (Eckweiler et CP006931
65 al. 2014)
USDA- Environmental | Nasopharynx of a cow in Kansas, USA North America Not published CP013989
ARS- Kansas, USA
USMAR
C-41639
VA-134 Clinical Skin wound of burn human [48] CP013245
patient
VRFPAO Clinical Corneal button from patient [49] CP008739
4 with corneal keratitis
YL84 Environmental Compost [50] CP007147
PA96 Clinical Clinical isolate from China Asia [51] CP007224
Guangzhou, China
S04-90 Environmental Microbial mat material Not published NZ_CP011369
N002 Environmental Crude oil contaminated soil [52] ALBV00000000
SJTD-1 Environmental Soil [53] CP015877
ATCC- Environmental Industrial water system [54] AKZF00000000
700888
E20S Environmental Soil [55] ASQV00000000
MSH-3 Environmental Environmental, Mount St. Washington, North America [55] ASQU00000000
Helens USA
ATCC- Environmental Soil [54] AKZD00000000
14886
MSH-10 Environmental Environmental [55] ASWWO00000000
XMG Environmental Soil, China China Asia [56] AJXX00000000
ATCC- Clinical Antibiotic efficacy testing This study GCA_001374435.1
12903 reference strain; originally
(NCTC isolated from blood
12903)
RW18 Clinical Chronic prostatitis isolate UK Europe This study GCA_001374635.1
RW27 Clinical CF sputum BC, Canada North America This study GCA_001373635.1
RW30 Clinical CF sputum BC, Canada North America This study GCA_001373875.1
RW99 Environmental Domestic isolate, washing UK Europe This study GCA_001374955.1
machine drawer biofilm
RW109 Industrial Personal care product; 2003 Europe This study GCA_900243355.1
preservative efficacy testing
strain
RW110 Industrial Household cleaner; This study GCA_001374115.1
preservative efficacy testing
strain
RW 113 Industrial Household cleaner 2011 Unknown Unknown This study Not available
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RW 114 Industrial Household cleaner 2011 Unknown Unknown This study Not available
RW 115 Industrial Household cleaner 2011 Unknown Unknown This study Not available
RW 116 Industrial Household cleaner 2011 Unknown Unknown This study Not available
RW 117 Industrial Household cleaner 2010 Asia This study Not available
RW 118 Industrial Household cleaner 2010 Asia This study Not available
RW 119 Industrial Household cleaner 2010 Europe This study Not available
RW 120 Industrial Household cleaner 2010 Europe This study Not available
RW 121 Industrial Household cleaner 2010 Europe This study Not available
RW 122 Industrial Household cleaner 2009 Europe This study Not available
RW 123 Industrial Household cleaner 2011 Asia This study Not available
RW 124 Industrial Household cleaner 2009 Europe This study Not available
RW 125 Industrial Household cleaner 2009 Europe This study Not available
RW 126 Industrial Household cleaner 2009 Europe Not published Not available
RW 127 Industrial Household cleaner 2010 Asia This study Not available
RW 128 Industrial Household cleaner 2010 Europe This study Not available
RW 129 Industrial Household cleaner 2010 Europe This study Not available
RW130 Industrial Household cleaner 2010 Europe This study GCA_001374355.1
RW131 Industrial Household cleaner 2010 Europe This study GCA_001374455.1
RW 132 Industrial Household cleaner 2010 Europe This study Not available
RW 133 Industrial Household cleaner 2010 Asia This study Not available
RW 134 Industrial Household cleaner 2010 Asia This study Not available
RW 135 Industrial Household cleaner 2010 Asia This study Not available
RW 136 Industrial Household cleaner 2010 Asia This study Not available
RW 137 Industrial Household cleaner 2010 Europe This study Not available
RW138 Industrial Household cleaner 2001 Unknown Unknown This study GCA_001374655.1
RW 139 Industrial Household cleaner 2001 Unknown Unknown This study Not available
RW 140 Industrial Household cleaner Unknown Unknown Unknown This study Not available
RW 143 Industrial Household cleaner Unknown Unknown Unknown This study Not available
RW 144 Industrial Household cleaner Unknown Unknown Unknown This study Not available
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RW 145 Industrial Household cleaner 2010 Unknown Unknown This study Not available
RW146 Industrial Household cleaner 2004 Europe This study GCA_001373655.1
RW 147 Industrial Personal care product Unknown Unknown Unknown This study Not available
RW 148 Industrial Personal care product Unknown Unknown Unknown This study Not available
RW149 Industrial Personal care product Unknown Unknown Unknown This study GCA_001373895.1
RW 150 Industrial Personal care product Unknown Unknown Unknown This study Not available
§W168A Industrial Laundry liquid Unknown Unknown Unknown This study GCA_001375215.1
RW172 Industrial Household cleaner 2009 Unknown Unknown This study GCA_001374135.1
RW 173 Industrial Household cleaner 2011 Asia This study Not available
RW 174 Industrial Household cleaner 2010 Europe This study Not available
RW 175 Industrial Household cleaner 2010 Asia This study Not available
RW176 Industrial Household cleaner 2010 Asia This study GCA_001374375.1
RW 177 Industrial Household cleaner 2010 Asia This study Not available
RW 178 Industrial Household cleaner 2010 Asia This study Not available
RW 179 Industrial Household cleaner 2010 Asia This study Not available
RW 180 Industrial Household cleaner Unknown Unknown Unknown This study Not available
RW 181 Industrial Household cleaner Unknown Unknown Unknown This study Not available
RW 182 Industrial Household cleaner Unknown Unknown Unknown This study Not available
RW184 Industrial Household cleaner Unknown Unknown Unknown This study GCA_001373595.1
RW 185 Industrial Household cleaner Unknown Unknown Unknown This study Not available
RW 187 Industrial Personal care product Unknown Unknown Unknown This study Not available
RW 188 Industrial Personal care product Unknown Unknown Unknown This study Not available
RW 189 Industrial Personal care product Unknown Unknown Unknown This study Not available
RW 190 Industrial Household cleaner Unknown Unknown Unknown This study Not available
RW 191 Industrial Household cleaner Unknown Unknown Unknown This study Not available
RW192 Industrial Household cleaner Unknown Unknown Unknown This study GCA_001374675.1
RW 193 Industrial Personal care product 2003 Unknown Unknown This study Not available
RW 194 Industrial Household cleaner 2011 South America This study Not available
RW 195 Industrial Household cleaner 2006 Unknown Unknown This study Not available
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RW199 Industrial Metal working fluid product Unknown Unknown Unknown This study GCA_001374995.1
RW200 Industrial Timber care product Unknown Unknown Unknown This study GCA_001375235.1
RW202 Industrial Household cleaner 2012 Europe Europe This study GCA_001374155.1
RW204 Industrial Household cleaner 2012 Unknown Unknown This study GCA_001374395.1
ATCC- Reference Reference strain used in Unknown Unknown Unknown This study GCA_001374975.1
9027 strain (clinical) | industrial testing; isolated

(RW from an outer ear infection

151)

ATCC- Reference Reference strain used in Unknown Unknown Unknown This study GCA_001373675.1
13388 strain industrial testing (ISO

(RW196) | (unknown) 846C)

ATCC Reference Reference strain used in Unknown Unknown Unknown This study Not available
10145 strain industrial testing

(RW197) (unknown)

ATCC- Reference Reference strain used in Unknown Unknown Unknown This study GCA_001373915.1
15442 strain industrial testing; isolated

(RwW (environmenta | from an animal room water

198) bottle
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Table S2. ArrayTube (AT) genotypes of industrial and reference testing P. aeruginosa strains

Strain

Hexadecimal code

Other names Isolation source/comment 16 digit code Database match and comments
(RW#) (AT-genotype)
IND; PC; North America; isolated 2003; Strain used in preservative . . .
109* - . . 0110-1100-0010-0010 6C22 Clone Y, previously associated with CF, CLIN, ENV
efficacy testing
IND; HC; Europe; isolated 2003; Strain used in preservative efficacy Clone D, previously associated with CF, CLIN, COPD, KER,
110* - i 1111-0100-0110-1001 F469
testing ENV
130* - IND; HC; Europe; isolated 2010 1010-1111-1010-1010 AFAA Genotype previously associated with CF
131* - IND; HC; Europe; isolated 2010 1010-1111-1010-1010 AFAA Genotype previously associated with CF
138* - IND; HC; Europe; isolated 2001 0110-1101-1001-0010 6D92 Clone H, previously associated with CF, CLIN, COPD, ENV
146* - IND; HC; Europe; isolated 2004 1010-1111-1010-1010 AFAA Genotype previously associated with CF
149* - IND; PC; origin unknown; isolated 2003 0010-1100-0101-0010 2C52 Novel type
168.2 - IND; LL; origin and isolation date unknown; typing unsuccessful - - -
o Clone B, previously associated with CF, CLIN, COPD, KER,
172* - IND; HC; Asia; isolated 2009 1110-0100-0010-1001 E429 ENV
176* - IND; HC; Asia; isolated 2010 0010-1100-0101-0010 2C52 Novel type
184* - IND; HC; Europe; isolated 2006 0001-1011-1010-1010 1BAA Novel type
192* - IND; SC; origin unknown; isolated 2012 0110-1100-0010-0010 6C22 Clone Y, previously associated with CF, CLIN, ENV
199* - IND; MWF; origin and isolation date unknown 0010-1111-1010-1010 2FAA Genotype associated with CF and ENV
200* - IND; TC; origin and isolation date unknown 0010-1011-1001-0010 2B92 Novel type
202 - IND; HC; Europe isolated 2012 1011-0100-0110-1001 B469 Genotype associated with CLIN, KER
204* - IND; HC; isolated 2012 0010-1100-1001-1010 2C9A Genotype associated with CF, ENV
151* CLIN; reference strain used in industrial testing; originally isolated from
ATCC 9027 . . 0101-1100-0001-1010 5C1A Novel type
an outer ear infection
ATCC 13388; " . o ) ) ) . )
196* NCTC 8060 Origin unknown; reference strain used in industrial testing (ISO 846C) 0000-1011-1001-0010 0B92 Clone X, previously associated with ENV
ENV; reference strain used in industrial testing, originally isolated from . . .
198* ATCC 15442 0000-0101-1001-1010 059A Genotype previously associated with CF, CLIN

an animal room water bottle

Abbreviations: CLIN, clinical; CF, cystic fibrosis; COPD, chronic obstructive pulmonary disease; KER, keratitis; ENV, environmental; IND, industrial; HC, household cleaner; PC, personal care
product; LL, laundry liquid; MWF, metal working fluid; TC, timber care. *AT-genotypes for these strains (as strains associated with industry) are highlighted in Figure 2

18



Table S3. MLST allele and Sequence Type (ST) designations for industrial and reference testing P. aeruginosa strains

. . MLST loci ) )
Strain Isolation source ST ST isolation sources?
acs aro gua mut nuo pps trp

IND; PC; North America; isolated 2003;
RW109 . . . . . 17 5 5 4 4 4 3 111 CF, CLIN, ENV, OTHER
Strain used in preservative efficacy testing

IND; HC; Europe; isolated 2003; Strain

RW110 5 141 65 151 1 33 50 2729 Novel

used in preservative efficacy testing
RW130 IND; HC; Europe; isolated 2010 15 48 20 142 4 7 7 2730 Novel
RW131 IND; HC; Europe; isolated 2010 15 48 20 142 4 7 7 2730 Novel
RW138 IND; HC; Europe; isolated 2001 17 5 5 4 4 4 3 111 CF, CLIN, ENV, OTHER
RW146 IND; HC; Europe; isolated 2004 15 48 20 142 4 7 7 2730 Novel
RW149 IND; PC; origin unknown; isolated 2003 1 5 26 3 1 10 3 1342 OTHER
RW168.2 IND; LL; origin and isolation date unknown 40 5 3 162 73 75 2 2733 Novel
RW172 IND; HC; Asia; isolated 2009 13 8 9 3 1 6 9 316 CF, CLIN, ENV, OTHER
RW176 IND; HC; Asia; isolated 2010 1 5 26 3 1 10 3 1342 OTHER
RW184 IND; HC; Europe; isolated 2006 28 5 36 3 3 13 7 155 CF, ENV, OTHER
RW192 IND; HC; origin unknown; isolated 2012 17 5 5 4 4 4 3 111 CF, CLIN, ENV, OTHER
RW199 IND; MWF; origin and isolation date 17 - 1 3 3 15 3 800 oF

unknown

RW200 IND; TC; origin and isolation date unknown 6 5 6 5 4 4 7 641 CLIN
RW202 IND; HC; Europe isolated 2012 5 141 65 151 1 33 50 2729 Novel
RW204 IND; HC; isolated 2012 6 5 5 3 3 13 1 645 CF, CLIN,ENV
RW151; CLIN; reference strain used in industrial
ATCC testing; originally isolated from an outer ear 23 5 12 30 1 4 7 1105 CF
9027 infection
RW196;

Origin unknown; reference strain used in
ATCC . . . 17 5 12 3 14 4 7 244 CF, CLIN, ENV, OTHER
industrial testing (ISO 846C)

13388

RW198; ENV; reference strain used in industrial

ATCC testing, originally isolated from an animal 6 28 4 3 3 4 7 252 CF, CLIN, ENV, OTHER
15442 room water bottle

Abbreviations: CLIN, clinical; ENV, environmental; IND, industrial; HC, household cleaner; PC, personal care product; LL, laundry liquid; MWF, metal working fluid; TC, timber care;

lsolation source from PubMLST database; coloured cells are STs found more than once
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Table S4. P. aeruginosa tolerance of the isothiazolinone preservatives MIT, CITMIT and BIT

MIC values (%)

Strain Other — Isolation MIT CITMIT BIT

names source

Median Range? Median Range Median Range

LESB58 - CF 0.0000781 - 0.0002345 0.000156-0.000313 0.000313 -
C3719 - CF 0.000313 - 0.0007815 0.00313-0,00125 0.000625 -
DK2 - CF 0.001875 0.00125-0.0025 0.0009375 0.000625-0.000125 0.005 -
AES-1R - CF 0.0025 - 0.0007815 0.00313-0.00125 0.005 -
AUS23 - CF 0.000313 - 0.0007815 0.00313-0.00125 0.00375 0.0025-0.005
AUS5?2 - CF 0.000625 - 0.000313 - 0.0015625 0.000625-0.0025
PAOL - CLIN 0.001875 0.00125-0.005 0.0009375 0.000625-0.000125 0.0075 0.005-0.01
UCBPP-PAL4 - CLIN 0.00125 - 0.0009375 0.000625-0.000125 0.005 -
PAK - CLIN 0.00125 0.00125-0.0025 0.0007815 0.000625-0.000125 0.00375 0.0025-0.005
CHA - CF 0.0025 - 0.0009375 0.000625-0.000125 0.005 -
NN2 - CF 0.001875 0.00125-0.005 0.0007815 0.000625-0.00025 0.005 -
39016 - CLIN 0.0025 - 0.0009375 0.00313-0.00125 0.01 -
1709-12 - CF 0.0025 0.0025-0.005 0.0007815 0.00313-0.00125 0.01 -
Mi 162 - CLIN 0.00125 - 0.0007815 0.00313-0.00125 0.005 0.005-0.01
Jpn 1563 - ENV 0008758 0.0025-0.005 0.0015625 0.000625-0.00025 0.01 -
LMG 14084 - ENV 0.0025 - 0.0009375 0.000625-0.00025 0.005 -
Pr33s - ENV 0.001875 0.00125-0.0025 0.0009375 0.000625-0.00025 0.00375 0.0025-0.005
CPHL 9433 - ENV 1000878  0.0025-0.005 0.0009375 0.000625-0.00025 0.01 0.005-0.01
RP1 - CF 000878 0.0025-0.005 0.0015625 0.000625-0.00025 0.005 -
57P31PA - CLIN 0.0025 - 0.0015625 0.000625-0.000125 0.01 -
39177 - CLIN 0.001875 0.00125-0.0025 0.0009375 0.000625-0.000125 0.005 -
Ao lC oS RWIL  CLIN - 0.0025-0.005 0.0015625 0.000625-0.00025 0.01 0.005-0.01
RW109 - IND; PC 0.0025 0.0025-0.005 0.001875 0.00125-0.0025 0.01 -
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RW110 - IND; HC 0.0025 0.0025-0.005 0.0015625 0.000625-0.00025 0.005 0.005-0.01
RW130 - IND; HC 10100878 0.0025-0.005 0.0015625 0.000625-0.00025 0.02 -
RW131 - IND; HC (10100876 |  0.0025-0.005 0.001875 0.00125-0.0025 0.02 -
RW138 . no; He [ - 0.0009375  0.000625-0.000125 [0 .
RW146 ; no; He [ - 0.0015625 0.000625-0.00025 0.02 -
RW149 - IND; PC [110/00876 |  0.0025-0.005 0.0009375 0.000625-0.000125 0.01 -
ATCC 9027  RW151 CLIN 0.0025 - 0.0015625 0.000625-0.00025 0.01 .
RW172 ; IND; HC 0.0025 - 0.001875 0.00125-0.0025 0.005 .
RW176 - IND; HC - - 0005 - 0.02 -
RW184 ; IND; HC 0.00125 0.00125-0.0025 0.0009375 0.000625-0.00025 0.005 0.0025-0.005
RW192 . ino; He  [NGI00878  0.0025-0.005 0.0015625 0.000625-0.00025 |G -
QE% éﬁﬁg& RW196 UNKNOWN  0.001875 0.00125-0.0025 0.00125 0.000625-0.000125 0.00375 0.0025-0.005
ATCC 15442 RW198 ENV 0.0025 0.0025-0.005 0.0015625 0.000625-0.00025 0.005 ,
RW199 - IND; MWF 0.00125 - 0.0009375 0.000625-0.000125 0.005 ;
RW200 - IND; TC 0.0025 0.00125-0.0025 0.0015625 0.000625-0.00025 0.005 ;
RW202 - IND; HC 0.0025 - 0.0015625 0.000625-0.00025 0.01 .
RW204 - IND; HC 0.001875 0.00125-0.0025 0.0015625 0.000625-0.0025 0.01 0.005-0.01
Median MIC (%) 0.0025 0.0009375 0.005

MIC range (%) 0.0000781-0.005 0.0002345-0.005 0.000313-0.04

Maximum EU regulated levels (%)° 0.01 0.0015 0.2¢

Footnotes: MIC, minimum inhibitory concentration; MIT, methylisothiazolinone; CITMIT, chloromethylisothiazolinone and methylisothiazolinone blend in the ratio 3:1; BIT,
benzisothiazolinone; CF, cystic fibrosis; CLIN, clinical; ENV, environmental; IND, industrial; HC, household cleaner; PC, personal care; MWF, metal working fluid; TC, timber
care. Median values are colour coded with darker shades reflecting an increase in MIC. 2The range is not reported where the replicate values were the same for a strain; ® EU
cosmetics directive 76/768/EEC, annex VI; °Not permitted in the EU, manufacturer’'s recommended level
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Table S5. P. aeruginosa tolerance of the preservatives phenoxyethanol, chlorhexidine and benzoic acid

MIC values (%)

w2 e o
Median Range Median Range Median Range

LESBSS i CF 0.1171875 0.078125-0.15625 0.0046875 0.001563-0.00625 0.0125

C3719 : CF 0.234375 0.15625-0.3125 0.002344 0.000781-0.003125 0.0125

DK2 . CF 0.46875 0.3125-0.625 0.002344 0.001563-0.003125 0.05

AES-IR . CF 0.234375 0.15625-0.3125 0.002344 0.000781-0.003125 0.05

AUS23 . CF 0.15625 0.15625-0.3125 0.001172 0.000781-0.001563 0.025

AUSS52 . CF 0.234375 0.15625-0.3125 0.000781 0.05

PAO1 . CLIN 0.46875 0.3125-0.625 0.0046875 0.003125-0.00625 0.05

UCBPP-PA14 - CLIN 0.390625 0.015625-0.625 0.001953 0.000781-0.00625 0.05

PAK : CLIN 0.46875 0.3125-0.625 0.002344 0.001563-0.003125 0.05

CHA : CF 0.46875 0.3125-0.625 0.003125 0.001563-0.003125 0.05

NN2 : CF 0.3125 0.15625-0.3125 0.0046875 0.003125-0.00625 0.05

39016 : CLIN 0.46875 0.3125-0.625 0.0046875 0.003125-0.00625 0.05

1709-12 : CF 0.46875 0.3125-0.625 0.0046875 0.003125-0.00625 0.05

Mi 162 : CLIN 0.46875 0.3125-0.625 0.002344 0.001563-0.003125 0.05

Jpn 1563 : ENV 0.46875 0.3125-0.625 0.0046875 0.001563-0.00625 0.075 0.1-0.05
LMG 14084 - ENV 0.625 0.3125-0.625 0.0039065 0.001563-0.00625 0.05

Prass : ENV 0.625 031250625  [110100625 0.05

CPHL 9433 - ENV 0.46875 0.3125-0.625 0.003125 0.05

RP1 : CF 0.46875 0.3125-0.625 0.0046875 0.003125-0.00625 0.05

57P31PA : CLIN 0.46875 0.3125-0.625 0.0046875 0.003125-0.00625 0.05

39177 : CLIN 0.625 0.3125-0.625 0.0046875 0.003125-0.0125 0.05

oo 1o0%  RWIL  CLIN 0.46875 0.3125-0.625 0.002344 0.001563-0.00625 0.075 0.1-0.05
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RW109 - IND; PC 0.46875 0.3125-0.625 0.0046875 0.001563-0.00625 0.05

RW110 - IND; HC 0.46875 0.3125-0.625 _ 0.05 0.1-0.05

RW130 - IND; HC 0.625 - 0.002344 0.001563-0.003125 0.05 0.05
RW131 ; IND; HC 0.46875 0.3125-0.625 0.002344 0.001563-0.003125 0.05 0.05
RW138 - o He [ 1.252.5 0.00058575  0.000391- 0.001563 0.05 0.05
RW146 ; IND; HC 0.46875 0.3125-0.625 0.002344 0.001563-0.003125 0.05 0.1-0.05
RW149 ; IND; PC 0.625 0.625 0.002344 0.001563-0.003125 0.05 0.05
ATCC9027  RWI151 CLIN 0.46875 0.3125-0.625 0.0046875 0.003125-0.00625 0.05 0.05
RW172 - IND; HC 0.46875 0.3125-0.625 0.0046875 0.003125-0.00625 0.05 0.05
RW176 - IND; HC 0.46875 0.3125-0.625 0.002344 0.001563-0.003125 0.05 0.05
RW184 - IND; HC 0.234375 0.15625-0.625 0.000781 0.05 0.05
RW192 ; IND; HC 0.46875 0.3125-0.625 0.0046875 0.003125-0.00625 0.05 0.05
Qgg éggg& RW196  UNKNOWN 0.46875 0.3125-0.625 0.001172 0.000781-0.001563 0.05 0.05
ATCC 15442  RW198 ENV 0.46875 031250625  [N0I00628 |  0.003125-0.0125 0.05 0.05
RW199 ; IND; MWF 0.625 0.625 0.001172 0.000781-0.003125 0.05 0.05
RW200 ; IND; TC 0.46875 0.3125-0.625 0.0046875 0.003125-0.00625 0.05 0.05
RW202 ; IND; HC 0.46875 0.3125:0.625 [0 0.00625 | 0.05 0.05
RW204 ; IND; HC 0.46875 0.3125-0.625 0.0046875 0.003125-0.0125 0.05 0.05
Median MIC (%) 0.46875 0.00351575 0.05

MIC range (%) 0.1171875-1.25 0.00058575-0.00625 0.0125-0.075
Maximum EU regulated levels (%)® 1 0.3 0.5

Footnotes: MIC, minimum inhibitory concentration; PHE, phenoxyethanol; CHX, chlorhexidine; BA, benzoic acid at pH5; CF, cystic fibrosis; CLIN, clinical; ENV, environmental;
IND, industrial; HC, household cleaner; PC, personal care; MWF, metal working fluid; and TC, timber care. RW strains were from the RW collection held at Cardiff University.
Median values are colour coded with darker shades reflecting an increase in MIC. 2The range is not reported where the replicate values were the same for a strain; » EU
cosmetics directive 76/768/EEC, annex VI
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Table S6. Growth parameters of P. aeruginosa strains in liquid culture after 24 hours
growth

Logio Max OD (420-

Strain Other names Source Lag phase (hrs) Growth rate (hrs™) 580)
C3719 - CF 4.45 0.02 0.19
DK2 - CF 4.99 0.07 0.36
AES-1R - CF 6.65 0.02 0.30
AUS23 - CF 3.92 0.02 0.19
AUS52 - CF 5.51 0.01 0.16
PAO1 - CLIN 5.14 0.07 0.37
UCBPP-PA14 - CLIN 3.62 0.02 0.25
PAK - CLIN 3.69 0.03 0.35
CHA - CF 4.84 0.04 0.34
NN2 - CF 5.68 0.12 0.38
39016 - CLIN 6.79 0.06 0.37
1709-12 - CF 5.87 0.07 0.38
Mil 162 - CLIN 2.61 0.02 0.24
Jpn 1563 - ENV 6.20 0.05 0.35
LMG 14084 - ENV 5.76 0.09 0.35
Pr335 - ENV 4.88 0.10 0.34
CPHL 9433 - ENV 5.53 0.13 0.37
RP1 - CF 4.67 0.08 0.37
57P31PA - CLIN 4.83 0.05 0.39
39177 - CLIN 4.98 0.10 0.34
NCTC 12903; RW11 CLIN 5.18 0.11 0.32
ATCC 27853

RW109 - IND; PC 524 0.06 0.38
RW110 - IND; HC 5.21 0.08 0.36
ATCC 9027 RW151 CLIN 411 0.08 0.39
RW172 - IND; HC 8.06 0.07 0.34
RW176 - IND; HC 6.66 0.08 0.31
RW 184 - IND; HC 2.95 0.02 0.24
RW192 - IND; HC 7.12 0.07 0.37
ATCC 15442 RW198 ENV 4.94 0.12 0.40
RW199 - IND; MWF 6.65 0.08 0.37
RW200 - IND; TC 5.74 0.08 0.36
RW202 - IND; HC 5.33 0.07 0.35
RW204 - IND; HC 6.89 0.08 0.37

Footnotes: CF, cystic fibrosis; CLIN, clinical, ENV, environmental; IND, industrial; HC, household
cleaner; PC, personal care cosmetic; MWF, metal working fluid; TC, timber care. Strains LESB58,
RW130, RW131, RW138, RW146, RW149 and RW196 were excluded from the analysis as they
produced growth curves that could not be accurately modelled by the grofit package in R statistical
software.
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Table S7. Swimming, swarming and twitching motilities of P. aeruginosa

Strain Other names Source Swimming Swarming diameter (mm) Twitching
diameter (mm) diameter
(mm)
LB BSM-G 0.5%
0.5% agar agar

LESB58 CF 175 - - -
C3719 CF - - - -
DK2 CF 53.5 19 12.5 12
AES-1R CF 51 - - -
AUS23 CF 52.5 - - 9
AUS52 CF - - - -
PAO1 CLIN 60.5 28 18.5 235
UCBPP-PA14 CLIN 62.5 24 16.5 11
PAK CLIN 60 12.5 10 17
CHA CF 80 255 18 19.5
NN2 CF 61 12 10 20.5
39016 CLIN 75 22.5 11 30.5
1709-12 CF 29.5 7.5 - -
Mi 162 CLIN 62.5 - - -
Jpn 1563 ENV 25 16.5 15 38
LMG 14084 ENV 58.5 145 - -
Pr33s ENV 53.5 16 115 18.5
CPHL 9433 ENV 66 135 7.5 115
RP1 CF 65 26 8.5 15.5
57P31PA CLIN 68.5 31 14 14
39177 CLIN 48.5 15.5 8 19.5
NCTC 12903; ATCC RW11 CLIN 79 155 10 16
27853
RW109 IND; PC 55 17 14 8
RW110 IND; HC 80 22 14.5 315
RW130 IND; HC 27.52 8 7 -
RW131 IND; HC 27.62 8.5 7.5 -
RW138 IND; HC 235 115 12.5 8.75
RW146 IND; HC 25.52 9.5 9 -
RW149 IND; PC 61.5 8 7 -
ATCC 9027 RW151 CLIN 71.5 31 225 155
RW172 IND; HC 58 16 8 18
RW176 IND; HC 63.5 40 15 245
RW184 IND; HC - - - -
RW192 IND; HC 325 18 9.5 16.5
Qgé:oc 13388; NCTC RW196 UNKNOWN 64 9.5 - -
ATCC 15442 RW198 ENV 71.5 8.5 - -
RW199 IND; MWF 355 8.5 8 13
RW200 IND; TC 75 24 600 39.5
RW202 IND; HC 76 25 16 36
RW204 IND; HC 76.5 32 35 38

Footnotes: CF, cystic fibrosis; CLIN, clinical; ENV, environmental; IND, industrial; HC, household cleaner; PC, personal care;
MWEF, metal working fluid; TC, timber care, ‘-* designates non motile, and light blue shading indicates highly motile. 2Strains
exhibiting an atypical swimming motility are shown in Figure S2B; A strain exhibiting typical swarming with a diameter of
approximately 60 mm is shown in Figure S2A
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Figure S1. Clustered RAPD-PCR profiles of 69 industrial P. aeruginosa isolates. A
Pearson correlation similarity coefficient was used to construct a UPGMA dendrogram of the
RAPD-PCR profiles. The PCR fingerprint profile of each isolate is shown to the right of the
dendrogram, along with the isolate number in the RW collection (ID#; See Table S1 for isolate
details) and coloured coded information about isolate provenance. Percentage similarities are
indicated by the scale bar and on the branches of the dendrogram. Profiles sharing 280%
similarity were putatively considered same strain and different strain types are indicated by
different coloured branches. Black boxes around ID numbers indicate isolates selected for
Clondiag AT typing and genome sequencing. Product type codes are follows: TC, timber care;
MWF, metal working fluid; household cleaners (three types DWL, SC and LAC); PC, personal
care cosmetic product; and FWS, laundry liquid.
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Figure S2. Swimming, swarming and twitching motilities of the P. aeruginosa strains.
Representative images of the levels of swimming (0.3% LB agar), swarming (0.5% LB and
BSM-G agar) and twitching (1% LB agar) motility exhibited are shown in panel A. Results
were recorded after 16-18 hours incubation at 30°C (swarming) or 37°C (swimming and
twitching). The unusual but consistent swimming motility phenotype of the 3 industrial strains
from the same location are shown in panel B. Numerical assessment of the phenotypes is
provided in Table S5.
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Figure S3. Biofilm formation by P. aeruginosa panel and industrial strains. Crystal violet
staining of biofilm biomass at 32 hours incubation in TSB medium at 37°C was performed for
a subset of 27 P. aeruginosa strains, including all 16 industrial strains. Results are presented
as mean OD (570 nm) % standard error and are derived from 3 biological replicates each
containing 6 technical replicates. Strains are colour coded to indicate isolation source as cystic
fibrosis (CF, red, n=4), clinical (CLIN, blue, n=4), environmental (ENV, green, n=2), industrial
(IND, purple, n=16) and unknown (orange, n=1). Industrial strains carrying a megaplasmid are
highlighted with grey arrows, high MIT MICs with yellow arrows, high CITMIT MICs with green
arrows, high BIT MICs with blue arrows, high PHE MICs with orange arrows, high CHX MICs
with black arrows and high BA MICs with red arrows. Strain ATCC 9027 is of clinical origin but
had very limited biofilm forming ability (the bar is too small to see the colour).
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Figure S4. The complete multireplicon genome of industrial P. aeruginosa strain
RW109. Circular maps of the RW109 replicons are shown with the following tracks (outer to
inner rings): (1) predicted CDS on forward strand coloured according to COG categories; (2)
predicted CDS on reverse strand coloured according to COG categories; (3) genomic islands
(Gls) coloured green; (4) phages coloured light pink (those labelled with * indicate an
incomplete phage and those labelled with ** indicate a putative phage identification); (5) GC
content (black); (6) positive and negative GC skew (green and purple, respectively); and (7)
genome size scales (mbp for the main chromosome and kbp for plasmids 1 and 2; replicons
are not drawn to scale).
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Figure S5. KEGG functional module enrichment analysis in relation to P. aeruginosa tolerance
of BIT, MIT and CITMIT. Four selected P. aeruginosa strains with the highest and four with lowest MIC
in relation to each preservative (see top right key for each panel) were compared for the KEGG
functional module content (see Supplementary Methods). Significant differences were determined by
two-way ANOVA (Sidak's multiple comparisons test) and the results for: (A) BIT, (B) MIT and (C)
CITMIT, plotted in the respective panels. For BIT, high MIC strains were enriched for drug resistance
(p =0.0117) and bacterial secretion system (p = 0.0117) modules (panel A); MIT tolerant P. aeruginosa
strains showed enrichment of exactly the same function modules (drug resistance, p = 0.0061; and
bacterial secretion system, p =0.0061; panel B). Low BIT and MIT MIC strains had an increased number
of modules for central carbohydrate metabolism (p = 0.0117 and p = <0.0001, respectively). Two
component regulatory system functional modules were significantly enriched in relation to CIT MIT (p =
0.0347).
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Figure S6. KEGG functional module enrichment analysis in relation to P. aeruginosa tolerance
of PHE and CHX. Four selected P. aeruginosa strains with the highest and four lowest MIC in relation
to each preservative (see top right key for each panel) were compared for the KEGG functional module
content (see Supplementary Methods). Significant differences were determined by two-way ANOVA
(Sidak's multiple comparisons test) and the results for (A) PHE and (B) CHX plotted in the respective
panels above. P. aeruginosa strains tolerant of PHE showed significant enrichment of two component
regulatory system KEGG functional modules (p = 0.0323), and CHX tolerant strains contained more
central carbohydrate metabolism modules (p = <0.0001).
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