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DNA Extraction and Genome Sequencing 
For Illumina sequencing, genomic DNA was extracted from 1 ml of overnight culture of each B. cenocepacia isolate using the Puregene Gentra Archival Bacterial DNA extraction kit (Qiagen), as per manufacturer’s protocol for Gram-negative bacteria.  Multiplexed sequencing libraries were made using the Illumina Nextera XT DNA Sample Prep kit (Illumina) following the manufacturers’ instructions. Sequencing was performed with single-end and paired-end reads at the Faculty of Pharmaceutical Sciences Sequencing Centre (University of British Columbia) to a minimum read depth of 60 X. Raw sequence reads are deposited on the NCBI Sequence Read Archive with the accession number SRP PRJNA289138.
For PacBio sequencing, genomic DNA was extracted from 10 ml of overnight cultures using the Puregene Gentra Archival Bacterial DNA extraction kit to yield at least 20 μg of DNA. PacBio sequencing was performed using two SMRTcells per isolate with P4-C2 chemistry. 
Clinical isolate collection
Clinical data for all patients in this study were previously collected, as approved by the UBC Research Ethics Boards (H07-01396) (Zlosnik et al. 2011a). 
To minimize passaging of the clinical isolates, a single passage was used to generate new stocks from the originals, and all subsequent phenotypic assays were a single passage away from these stocks.
Phenotypic Analyses
Biofilm Assay. We tested the ability of B. cenocepacia strains to form biofilm by adhering to 96-well polypropylene microtitre dishes following a previously established protocol (O'Toole and Kolter 1998; Conway et al. 2002). Bacteria were grown in ½ strength LB at 37 °C for one overnight, washed with 10 mM MgSO4, and inoculated into synthetic cystic fibrosis medium (SCFM) (Palmer et al. 2007) at OD600=0.1. Microtitre plates were incubated without shaking at 37 °C for 48 hours. The plates were washed to remove planktonic cells, fixed, and stained for 15 min with 125 μl of 1% (wt./vol.) crystal violet. After washing the plates to remove residual crystal violet, plates were dried, followed by solubilizing of the crystal violet with 200 μl of 95% (vol./vol.) ethanol. The final biofilm staining was measured at an absorbance wavelength of 595 nm. Experiments were performed at least three independent times, with the mean and standard deviation calculated.
Mucoid Phenotype Classification. To assess mucoidy in these isolates, we followed a previously established protocol (Zlosnik and Speert 2010; Zlosnik et al. 2011a; Zlosnik et al. 2015) that showed that various B. cenocepacia strains develop elaborate exopolysaccharide on the yeast extract mannitol media (YEM; 0.5 g of yeast extract liter−1 and 4 g of mannitol liter−1 supplemented with 20 g of agar liter−1). We streaked out fresh B. cenocepacia isolates onto YEM plates and incubated at 37°C for 48 h. Following the published scoring method, we defined mucoidy as a binary characteristic, with non-mucoid isolates given a score of zero and mucoid isolates given a score of one.
Motility Assay. The swimming motility for each isolate was individually measured using the motility agar (0.3% LB agar plates) as previously described (Zlosnik et al. 2015). Plates were poured to 3 mm thickness on the bench and used within the same day. Freshly grown overnight culture for each isolate was normalized to OD600=0.6 and 2 μl of the normalized bacterial culture was inoculated into the center of the motility agar. Motility plates were then incubated for 48 hours at 37°C and kept upright. At 48 hours, we measured the diameter of the motile zone for each isolate. We used P. aeruginosa PAK and P. aeruginosa PAK ΔfliC (Feldman et al. 1998) as motile and nonmotile controls, respectively. 
G. mellonella Killing Assay. Larvae were purchased from the Cherry Creek Cricket and Worm Farm (British Columbia, Canada), sorted into petri dishes upon arrival and allowed to acclimate to the laboratory for at least one overnight. Fresh overnight cultures of B. cenocepacia isolates grown in ½ strength LB, pelleted and washed with 10 mM MgSO4. Each larva was injected with 10 μl of 106 or 107 cfu/ml (equivalent of 104 or 105 cfu respectively) of bacteria plus 1.2 mg/ml of Ampicillin to the hindmost left proleg using the BD Ultra-Fine II Insulin Syringe (Van Leene et al.). For each isolate, ~ 60 larvae were injected at each concentration. Each experiment included the negative control larvae, which were injected with 10 μl of 10 mM MgSO4 plus 1.2 mg/ml ampicillin to measure any lethal effects due to the injection process. In addition, each experiment also included two control B. cenocepacia isolates, a high-killing strain (Bcc137) and a low-killing strain (Bcc183) to allow for comparison of virulence across different experimental weeks.
After injection, larvae were placed in the dark at 37 °C and the live versus dead larvae were monitored every 24 h postinfection for three days. Larvae were considered dead when they showed no response to touch or displayed no obvious movement. Data analyses were done using Kaplan-Meier Survival Analysis (R version 3.2.2 and survival package 2.38) and we calculated the r-means of larvae survival infiltrated with different B. cenocepacia isolates to measure virulence. 
In vitro Growth Assays in Luria broth (LB) and synthetic cystic fibrosis medium (SCFM). B. cenocepacia isolates were grown in ½ strength LB at 37 °C for one overnight, washed with 10 mM MgSO4, and inoculated into either ½ LB or SCFM (Palmer et al. 2007) at OD600 = 0.1, in clear, flat-bottom 96-well microtitre plates. Microtitre plates were incubated, shaking at 37 °C for ~24 hours in microtitre plate reader Safire2 (Tecan-US, Durham, NC, USA). The Tecan Safire2 plate reader measured OD every 15 minutes at OD600 nm. We used the logistic model to analyze the growth data using the R package growthcurve (https://github.com/briandconnelly/growthcurve) and generate maximum growth, and maximum growth rate for each isolate. 
Statistical Analyses
All phenotypic data were analyzed in R (R Core Team 2016). For each phenotype, the raw data were averaged across replicates and normalized to the maximum measurement for that particular phenotype measured across 215 B. cenocepacia isolates. For instance, the maximum raw value for motility corresponds to 90mm, corresponding to the maximum size of the agar plate. To compare phenotypic variations for all phenotypes except mucoidy of isolates within each patient as a function of time, we applied a linear model (lm) with the phenotypic variables as dependent and time as independent variables (formula: lm(phenotype ~ time of isolation in days since the first Bcc isolate)). For the mucoid phenotype, we used logistic regression. We also tested whether the RAPD genotype can function as an interaction term in the linear model (formula: lm(phenotype ~ time of isolation in days since the first Bcc isolate * RAPD genotype)). We created correlation matrices by calculating the spearman’s rank correlation coefficient, corrected for multiple testing and plotted using the Hmisc and corrplot R packages. To test whether isolates from the same isolation date within each patient showed significant differences in biofilm, we performed one-way ANOVA extracted the statistical summary using the broom package. Most figures were created using the ggplot2 package in R (R Core Team 2016).
De novo Genome Assembly
We assembled B. cenocepacia genomes from Illumina reads using a custom assembly pipeline (https://github.com/rehrlich/ray_assembly): trimming the Nextera adaptor sequences using Trimmomatic-v0.30 (Bolger et al. 2014); joining the overlapping reads using COPE-v1.1.2 (Liu et al. 2012); correcting sequence errors with ALLPATHS-LG stand-alone ErrorCorrectReads.pl utility (Butler et al. 2008); and the de novo assembly of the corrected reads were done using the Ray-v2.2.0 assembler (Boisvert et al. 2012). The performance of Ray assembler compared to other assemblers has been previously assessed (Bradnam et al. 2013; Powers et al. 2013; Koren et al. 2014).
For PacBio-sequenced isolates (Bcc001, Bcc022, Bcc023, Bcc030, Bcc116, Bcc129, Bcc137, Bcc173, Bcc174, Bcc179, Bcc201 and J2315), the PacBio reads were assembled with the HGAP assembler, and the consensus sequence polishing by the Quiver algorithm (Chin et al. 2013) using the SMRT Analysis Suite (Pacific Biosciences). Given that bacterial chromosomes and plasmids are typically circular, we used Circlator, a post-assembly tool for circular closure (Hunt et al. 2015). Circlator detected circular sequences by assembling PacBio corrected reads that mapped to contig ends, resolved the redundant sequences shared by the overlapping ends, removed all contigs that failed to circularize and were completely contained within the sequence of another contig, and permuted the start position of each circularized contig to a user-defined gene (or by default dnaA) (Hunt et al. 2015). For a multi-chromosome bacterial species like B. cenocepacia, we could not rely on the canonical recA or dnaA genes as landmarks for circularizing because they are only found on chromosome one. Instead, we used the DNA-partitioning systems, parABS, to permute the start of each circular replicon because ParAB paralogs are present on each of the chromosomes and plasmid (Dubarry et al. 2006). Base modification analysis was performed with the SMRT Analysis Suite using standard mapping protocols. All assembled genomes were annotated with the rapid prokaryotic genome annotation pipeline, Prokka, v1.12 (Seemann 2014). 
Whole genome analysis of both Illumina and PacBio assemblies were performed using pyani (https://github.com/widdowquinn/pyani/) to calculate the pair-wise average nucleotide identity (ANI) (Konstantinidis and Tiedje 2005; Goris et al. 2007; Richter and Rossello-Mora 2009) by aligning all the input sequences with NUCmer from MUMmer (Kurtz et al. 2004) (ANIm) and the tetranucleotide frequencies. We performed whole genome sequence alignment using both progressiveMauve (Darling et al. 2010) and used the Bioconductor package DECIPHER v2.1.1 to create synteny dot plots (Wright 2015).
Pan-genome Analyses
Pan-genome analyses for all isolates with <500 contigs or for each RAPD genotype were performed using the rapid large-scale prokaryote pan-genome analysis pipeline, Roary v 3.4.2, from the Sanger Institute (https://github.com/sanger-pathogens/Roary; (Page et al. 2015)). We included 206 genome sequences in the large pan-genome analysis: all PacBio assemblies, any Illumina assemblies with <500 contigs, and 4 NCBI reference genomes.  Our input files were the GFF3 files from the Prokka-annotated assemblies above (Seemann 2014). We also include the Prokka-annotated NCBwI reference genomes B. cenocepacia HI2424 (NCBI Taxonomy ID: 331272) and AU1054 (NCBI Taxonomy ID: 331271). To create core-genome alignments, Roary first clustered coding regions using CD-HIT (Fu et al. 2012), followed by an all-against-all comparison between the coding regions using a minimum cutoff of 75% BLASTP identity (unless otherwise specified in the legends), ignoring truncated and un-annotated genes, and genes with 5% Ns and genes with fewer than 120 bases.  By combining the BLAST results with MCL clustering (Enright et al. 2002), Roary identified the homologous groups of genes, with a codon-aware multiple sequence alignment generated by PRANK (Loytynoja 2014) for both the core genome and the accessory genome. 
Estimating Population Structure and Phylogeny
Core-genome SNPs were extracted from the Roary core genome alignment for each RAPD genotype or for all 215 isolates using the SNP Sites Program v 2.0.2 from the Sanger Institute (https://github.com/sanger-pathogens/snp_sites). These SNPs were used as input for maximum likelihood inference with RAxML v 8.2.0 (Stamatakis 2014). To create the best-scoring maximum-likelihood tree with bootstrapping support, we used the GTRCAT model with the –f a and the –N autoMRE options in RAxML (Stamatakis 2014). To map the phenotypic data onto the maximum-likelihood tree, we used the plotTree.R script (https://github.com/katholt/plotTree; (Inouye et al. 2014)).
Variant Calling and Genome Loss
We first aligned Illumina reads for all isolates to the NCBI J2315 reference genome (Holden et al. 2009) (NCBI Taxonomy ID: 216591; NCBI genome accessions: NC_011000.1, NC_011001.1, NC_011002.1, NC_011003.1) using the short read aligner BWA v 0.7.9a (Li and Durbin 2009). Single-nucleotide variants were identified and filtered with the SAMtools toolbox v 1.1. (Li et al. 2009). Each variant was annotated with a custom Perl script and the gene information for J2315 reference downloaded from NCBI. However, due to the difficulty of obtaining high quality alignments in poorly conserved regions for any RAPD genotypes except for RAPD02, we repeated the alignment and variant calling procedure using our PacBio reference genomes for each respective RAPD genotype. For isolates of the RAPD01, RAPD04, RAPD06, RAPD09, RAPD15 or RAPD44 genotypes, we used the PacBio assembly for Bcc173, Bcc023, Bcc001, Bcc116, Bcc137, or Bcc129 as reference genome, respectively. We kept any variant locations with at least 80% of the mapped reads agreeing with the variant call and a root mean square mapping quality of at least 30. 
Using a previously established approach, we used variation in read coverage to identify regions of genome loss (Alkan et al. 2011; Thompson et al. 2013). We mapped the Illumina reads for each isolate to its respective PacBio RAPD reference assembly, counted the aligned read pairs per CDS window, and normalized to the total number of read pairs in each strain. For each strain, we identified regions where the mapped reads were significantly lower after normalizing for RAPD-specific mapping variation as regions of genomic loss. Furthermore, for each CDS and each isolate, we recorded the number of bases covered by reads relative to the number of bases covered for the corresponding reference isolate; a gene was considered mutated relative to the reference when that ratio was below 90%. 



Supplemental Results

S1 Text: Survey of six clinically relevant phenotypes for the 215 B. cenocepacia clinical isolates collected from 16 patients
Motility: Swimming motility of all 215 isolates was assayed by motility zone assay as a proxy for the presence of functional flagella (Mahenthiralingam et al. 1994; Zlosnik et al. 2014). Clinical Bcc isolates have been shown to use flagella to invade epithelial cells, which also stimulate host inflammation (Tomich et al. 2002; Urban et al. 2004). Previous studies have observed loss of motility during long-term persistence by B. cenocepacia, as well as other bacteria including P. aeruginosa (Smith et al. 2006; Lieberman et al. 2011; Folkesson et al. 2012; Lieberman et al. 2014). The isolate collection showed substantial variation in swarming, with the motile zone range varying ~45-fold, from 2 to 90 mm (Supplemental Table S2). Longitudinal series showed significant motility reductions over time in 6 of 16 series, with a mean decrease in these series of 6.6% ± 4.4% per year (Supplemental Fig. S2A and Supplemental Table S1D). No obvious connection was seen between declining motility and RAPD genotype (although 2 of 4 RAPD04 series showed similar declines), nor was declining motility correlated with high motility in the earliest isolate of each series. However, RAPD type on its own was a significant predictor of motility, RAPD01 and RAPD02 were mostly non-motile, and RAPDs 06, 15, and 44 were mostly motile (p << 0.001 and adjusted R2 = 36% in linear regression).
Biofilm formation: Mature B. cenocepacia biofilms act as a barrier to antibiotics, help evade immune detection by neutrophils, and contribute to persistence (Van Acker et al. 2013; Murphy and Caraher 2015). Biofilm formation of all 215 isolates was assays by crystal violet staining after 48 hr incubation of static cultures grown in 96-well polypropylene microtitre plates; higher levels of stain detected by optical density (OD) indicate increased biofilm formation. Values varied considerable, from OD595nm = 0.006 to 0.523 (Supplemental Table S2). Using linear regression, we identified significant changes in biofilm formation over time for 5 of 16 patients, but the direction of change was not consistent. Two series started with low biofilm values that increased over time; in particular the RAPD02 isolates from patient P12 showed dramatic increases in biofilm formation. In contrast, three series showed ~5 – 8% declines per year in isolates’ capacity to form biofilms (Supplemental Fig. S2B; Supplemental Table S1E). RAPD type was also a significant predictor of biofilm formation (p << 0.001 and adjusted R2 = 49.9%) with RAPD06 forming particularly robust biofilms overall. 
Virulence in an insect model: A well-established acute virulence assay (killing of G. mellonella moth larvae) was used to assess the capacity of each isolate to cause acute infections(Seed and Dennis 2008; Uehlinger et al. 2009). Although an imperfect model, similarities exist between the insect and mammalian innate immune systems (Buchmann 2014). Furthermore, differences among Burkholderia isolates’ ability to kill G. mellonella larvae is comparable to a rat agar bead infection model, and can be performed at much higher throughput compared to rodent models (Seed and Dennis 2008; Uehlinger et al. 2009). For each of the 215 B. cenocepacia isolates, 60 larvae were injected with two distinct inoculums (104 cfu or 105 cfu per larvae, corresponding to virulence_low and virulence_high respectively). Larval survival was determined at 24 and 48 hours after inoculation, and the r mean values from Kaplan-Meier survival analysis were calculated (see Methods). Isolate killing varied widely, ranging from all larvae killed within 24 hours (normalized value of 1) to all larvae surviving after 48 hours (normalized value of 0). Two series (P09 and P03) decreased in acute virulence over time, but each was only significant at one of the dosages. Subgroup B isolates from patient P09 had among the highest acute virulence score, despite the relative stable and healthy lung function of P09. Significant decreases in acute virulence were seen for the P09 series at the low dose, whereas the P03 series showed a decrease in virulence over time only for the high inoculation (Supplemental Tables S1F and S1G, Supplemental Fig. S2C). RAPD genotype was a significant predictor of acute virulence in the insect model at both inoculation concentrations (p << 0.001, R2 = 0.270 and 0.177 for low and high doses respectively) with RAPDs 04, 15 and 44 being particularly virulent in the insect model.
Mucoidy: Previous studies of B. multivorans, and B. cenocepacia reported that strains convert from a mucoid to a non-mucoid colony phenotype during chronic infection (Zlosnik and Speert 2010; Silva et al. 2011; Zlosnik et al. 2011b). Furthermore, many B. cenocepacia isolates are non-mucoid (Zlosnik and Speert 2010; Zlosnik et al. 2011a; Zlosnik et al. 2015). We performed a qualitative assessment of the mucoid morphotype on yeast extract mannitol agar (categorically assigning each strain as either mucoid or non-mucoid), finding variation in mucoidy in only 6 of 16 patient series; all RAPD02 isolates were non-mucoid as previously reported (Zlosnik and Speert 2010; Zlosnik et al. 2011a; Zlosnik et al. 2015). Regression analysis identified no longitudinal series with significant changes in mucoidy over time (p > 0.20 for all 6 series with mucoidy variation, Supplemental Table S1H), in contrast to other reports. However, RAPD type was a significant predictor of mucoidy status (p << 0.001 and adjusted R2 = 0.463) with all subgroup B isolates being mucoid and RAPD06 having high incidence of mucoidy.
Growth in liquid media: To systematically characterize the growth dynamics of B. cenocepacia, we used microtitre plate readers to monitor changes in optical density (OD) of bacterial cell suspension over 24 hours, in 0.5x LB and SCFM. SCFM has been shown to nutritionally mimic the cystic fibrosis sputum, and induces similar gene expression and quorum-sensing signaling as P. aeruginosa grown in sputum (Palmer et al. 2007). We modeled the resulting cell growth-curves against a logistic curve and extracted the maximum yield (final OD) and growth rate (OD/second) for each isolate (Supplemental Figure S3). Using linear regression, we found that four out of five patient series showed significant decline in LB growth rate over isolation time, ranging from -1.7% to -7.2% (p < 0.03). There were no significant changes observed for the maximum yield in LB for any patient series (Supplemental Figure S3 and Table S1I). We only saw two patient series, both from RAPD04, showing a significant decline of ~4% in SCFM growth rate (p<0.03) and maximum yield ranging from -0.9% to -3% over isolation time (p<0.05). Together, our growth data indicate potential metabolic changes in the later isolates compared to the earlier isolates.

S2 Text: Control sequencing, assemblies and whole genome analyses
For the J2315 control strain, we generated four contigs, corresponding to the four replicons found in the reference sequence. One major difference between our PacBio assembly and the NCBI reference sequence is that the PacBio assembly did not resolve 57-kb duplicated regions found at two different locations on chromosome 1 (highlighted in Fig. S5 by a box; (Holden et al. 2009). This is mostly likely a consequence of the duplicated regions being longer than the typical PacBio insert sizes. There were also ten single nucleotide discrepancies between our PacBio assembly and the NCBI J2315 reference genome (PacBio assembly statistics and PacBio and Illumina comparisons in Supplemental Table S3B and S3C). We compared the PacBio and Illumina assemblies by aligning the respective assemblies using Mauve, and extracted total number of SNPs using the “Extract SNPs” function (Supplemental Table S3B). We observed that on average, ~65% of the SNP counts using the Mauve “Extract SNPs” function were located near the ends of Illumina contigs, potentially as a result of contig breaks due to repetitive sequences (Supplemental Table S3B). The Illumina assemblies were used to extract MLST loci for each isolate (Table S4, Methods).
To gain genomic insights into our collection of B. cenocepacia isolates, we calculated pair-wise average nucleotide identity (ANI) and tetranucleotid frequencies between the two NCBI reference genomes for recA subgroup A (J2315), recA subgroup B (HI2424), all the PacBio and Illumina assemblies (Fig. S6 and Supplemental File S8). Traditionally, bacterial species were defined based on DNA-DNA hybridization (DDH) techniques, with 70% as the species definition. ANI is an in silico DDH analysis, with ~94% ANI corresponding to the species boundary. To calculate pair-wise ANI for all B. cenocepacia genomes, we used pyani which implements MUMmer to align fpairs of genomes, identify matching regions and calculate the average percent nucleotide identity for all matched regions (Konstantinidis and Tiedje 2005; Goris et al. 2007; Richter and Rossello-Mora 2009). We observed that all the isolates within the recA subgroup A or B had ~99% ANI (Fig. S6A and Supplemental File S8). In contrast, comparison between recA subgroup A and B isolates showed ~95% ANI, which corresponded to the long branch length that we observed between subgroup A and B isolates (Fig. 4 and Fig. S8). We did not observe significant differences in tetranucleotide frequencies between different isolates (Supplemental File S9).
To identify breakpoints in chromosomal synteny between the different RAPD types, we used DECIPHER (Wright 2015) to create synteny dot plots of all PacBio assemblies and two NCBI references (Fig. S6B and C). In general, we observed synteny between isolates from the same RAPD genotype with the exception of RAPD01 isolates (Bcc173, Bcc174, Bcc179 and Bcc201).
PacBio single molecule sequencing can distinguish methylated bases (particularly 6-me-A) from unmodified bases and as a consequence one can detect genome-specific methylation motifs (Zak et al. 2012; Eutsey et al. 2015). DNA methylation in bacterial genomes serves diverse roles; acting in restriction modification (RM) systems to either protect the host genome against phage and other foreign DNA (Mruk and Kobayashi 2014) or to promote horizontal gene transfer (Eutsey et al. 2015). DNA methylation status also affects transcription, DNA repair, gene expression, cell cycle control, phase variation and pathogenesis (Zweiger et al. 1994; Marinus and Casadesus 2009; Srikhanta et al. 2010; Fang et al. 2012). In J2315, our control reference genome, we identified two methylation motifs (5’-CACAG-3’ and 5’-GTWWAC-3’), which were found in all 12 PacBio-sequenced isolates regardless of RAPD types. Beyond these two common motifs, each RAPD genotype also had distinct methylation motifs, suggesting the presence of RAPD-specific RM systems (Table S5). In addition, changes were observed in the methylation motifs among serial isolates from the same patient. Specifically, comparing early isolates (Bcc173 and Bcc174) to an isolate (Bcc179) from 8 years later, we observed that two similar methylated motifs (5’-BNSGTCGACS-3’ and 5’-BVNNGTCGACNNS-3’) were lost during long-term persistence (Table S5). The functional impact, if any, of this DNA modification is, at present, unknown.

S3 Text: Pan-genome analyses identified clade-specific gene content and potential inter-patient transmission
To identify orthologs, the Roary algorithm filters and pre-clusters the coding sequences, performs an all-against-all BLASTP comparison and a final clustering with MCL. Preliminary tests showed the overall distribution of genes was relatively insensitive to the BLASTP identity threshold; we therefore chose a 75% cutoff, as it appeared closest to an inflection point (Hogg et al. 2007; Boissy et al. 2011) (Fig. S8). Since Roary ignores genes that are truncated, un-annotated (for example at contig breakpoints) or shorter than 120 bases, certain genes may be systematically lost from the analysis. We performed the pan-genome analysis with only the subset of reference-quality PacBio assemblies and NCBI assemblies. As predicted, based on the smaller number of genomes and the inclusion of more complete genome assemblies, this analysis found fewer rare genes (Fig. S9 and Table 4).
Analysis of the Roary gene presence matrix with the core gene phylogeny (built from orthologous clusters only) showed that large sets of accessory genes were segregated according to their respective RAPD type (Fig. 4B). To isolate RAPD-specific genes, we identified homologous clusters that were exclusive to a RAPD type and common to all isolates within that RAPD type (Supplemental File S11). For instance, the cytochrome-c maturation (ccm) operon (which functions to export cytochrome c to the membrane followed by covalent attachment of heme (Schulz et al. 1999) was found exclusively and in all RAPD01 isolates. Consistent with previous studies, we confirmed that only the RAPD02 strains encode the cable cbl pilin (having 30% amino acid identity to the E. coli CFA/I fimbriae), which plays a critical role in the transmission and in vivo persistence of the lineage (Sajjan et al. 1995; Sajjan et al. 2000; Goldberg et al. 2011). One RAPD04-exclusive gene was the mRNA interferase HigB gene, part of a toxin-antitoxin system that regulates the amino-acid starvation response, multidrug resistance and virulence expression (Hurley and Woychik 2009; Christensen-Dalsgaard et al. 2010). Finally, only the RAPD06 isolates encoded a strain-specific nitric oxide response regulator NorR2 and tellurite resistance proteins. 
Using core gene orthologs identified by Roary, we built phylogenetic trees for each RAPD type. We found that isolates from RAPD01 and RAPD02 formed patient-specific clades, while RAPD04 and RAPD06 displayed intermingling of clonal lineages among patients. The observed intermingling of clonal lineages suggests either: (1) patients were independently infected by closely related strains; or (2) patients with closely related strains infected each other, indicative of possible transmission.
To differentiate between these two hypotheses, we first investigated the hospitalization records for Patient 2 & 3, as well as Patient 6 and 10. For both of these patients, we did not observe overlapping hospital stays or clinical visits. However, these patients were most likely infected before the strict infection control was put in place in 1994, thus the patients could still have interacted in the community outside of hospital visits. In addition, we mapped on sample isolation dates to the phylogeny (Fig. S11 and S12). These figures illustrate that the branching pattern in the tree and the sampling dates are poorly correlated. Particularly, deeper branching lineages and those branches with shorter distances to the root were not necessarily isolated at earlier time points than others. Instead, in many cases, we observed an inverse pattern between isolation time and branch length. One potential explanation for this observation is that multiple closely related strains co-exist in the patient at any give time point, and this diversity is not captured by the single-isolate sampling strategies utilized in this historical collection.

S4 Text: Genotype-phenotype association analysis
To build the genotype matrix used for the genotype-phenotype association analysis, we defined “mutant” (0) as any allele affected by deletions, nonsense, or missense changes relative to the PacBio RAPD reference genome from the earliest available time point; whereas “wild-type” alleles were those matching the reference or with only silent substitutions. This was done by aligning short paired-end Illumina reads to the reference using BWA and calling single-nucleotide changes using samtools and deletions by coverage analysis. This approach was used to minimize “false negative” gene absence calls from our Roary pan-genome analysis due to lack of annotation at contig breakpoints.
We observed that dnaK mutations are highly correlated (ρ = 0.57, Fig. 7B) with the loss of motility in our Burkholderia isolates. Another candidate, cheA encodes a histidine kinase that phosphorylates the downstream response regulator CheY, which regulates flagellar motors (Hansen et al. 2008). The aer gene encodes a receptor that senses environmental oxygen (via its PAS-domain), which regulates CheA and flagellar motility (Taylor et al. 1999). CadA, a lysine decarboxylase, has been shown to negatively regulate the adherence of enterohemorrhagic E. coli to host cells, potentially by modulating expression of flagellar and fimbriae components (Vazquez-Juarez et al. 2008). Interestingly, we found the quorum-sensing sensor kinase gene qseC associated with motility (ρ = 0.33) and biofilm (ρ = 0.39). QseC has been shown to regulate motility and biofilm formation in Escherichia coli (Yang et al. 2014) and is found in at least 25 human and plant pathogens.
Our genotype-phenotype associations aggregated all coding changes from the reference as “mutant”, and therefore does not account for how different mutations at the dnaK, papC, gcvA and qseC loci might affect biofilm and motility. However, we lack the statistical power to detect SNP-specific correlation. Therefore, we used the Roary gene possession matrix to ask whether gene presence or absence alone at these four loci could explain the phenotypic variations that we observed in biofilm and motility. With the exception of qseC, gene loss in dnaK, papC, or gcvA was correlated with less motility (Fig. S14) and less biofilm formation (Fig. S15). 
We observed that there is a positive correlation between biofilm formation and motility in sub-group A but a negative correlation in the sub-group B lineage (Fig. 3). While we lack statistical power to dissect how genetic background differences between sub-group A and B may contribute to this phenotypic difference, we analyzed gene presence or absence of these four loci. Interestingly, we identified three gcvA paralogs (gcvA_18; group_23721; group_24122) that are missing in all subgroup B isolates (RAPD44 and RAPD15), but present in all subgroup A isolates. 
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Figure S1. B. cenocepacia isolates sample collection and the associated patient lung function (%FEV1). A. Each row represents all the isolates from the patient (P01 to P16) corresponding to the sampling time for each of the isolate. Colors indicate the RAPD genotype these isolates belong to. B. Patient lung functions were assessed by %FEV1 (FEV1) and data were collected from the patient charts. Colors indicate the RAPD genotypes of the B. cenocepacia isolated from that particular patient.
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Figure S2. Scatterplots of B. cenocepacia phenotypes versus time of isolation. Normalized phenotype data for A. motility; B. biofilm; and C. virulence for each isolate were plotted against the number of days since the first isolate was collected for that particular patient. Colors indicate the RAPD genotypes of the B. cenocepacia.
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Figure S3. Scatterplots of maximum B. cenocepacia in vitro growth and growth rate versus time of isolation. Maximum growth and growth rate in ½ LB (A and B) and SCFM (C and D) for each isolate were plotted against the number of days since the first isolate was collected for that particular patient. Colors indicate the RAPD genotypes of the B. cenocepacia.
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Figure S4. Strip charts of B. cenocepacia phenotypic variations for each RAPD type. Normalized phenotype data for A. motility; B. biofilm; C. mucoidy; D. virulence at low inoculum; E. virulence at high inoculum; F. lung function (%FEV1); G. maximum growth rate in SCFM and H. maximum growth rate in half LB for each isolate were plotted against the RAPD type.
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Figure S5. Mauve whole genome alignment of NCBI reference genome for B. cenocepacia J2315 and PacBio-assembled J2315. Each colored region is a locally collinear block where there is no observed rearrangement of the backbone sequence. The top colored blocks are for NCBI reference genome and the bottom colored blocks are the PacBio re-sequenced and assembled J2315 genome from this study, with three chromosomes and plasmid are indicated. Black box indicates the “missing” duplicated region in the PacBio assembly.









[image: ]Figure S6. Whole genome analyses of PacBio assemblies and NCBI reference genomes: A. Percent average nucleotide identity calculated using MUMmer algorithm; B. synteny dot plot for recA subgroup A genomes and C. synteny dot plot for recA subgroup B genomes.
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Figure S7. Mauve whole genome alignments of PacBio assembly of Bcc129 against NCBI reference genome HI2424 revealed chromosome fusion. A. Mauve whole genome alignment. The top colored blocks are for NCBI reference genome and the bottom colored blocks are the PacBio Bcc129 genome from this study. Boxes E and G are regions that are contiguous in Bcc129, but belonged to different chromosomes in HI2424. Boxes F and H are contiguous regions between BccHI2424 and Bcc129. B. PCR amplification with primers designed to spanned the highlighted regions E to H with the following expected band size: E = 5478bp, F = 5390bp, G = 5408bp, and H = 5045bp.
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Figure S8. Number of gene clusters as identified by Roary versus % BlastP identity threshold for A. orthologs; and B. homologs in all B. cenocepacia genomes. Colors indicate whether the gene clusters are: core, soft core, shell or cloud genes.
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Figure S9. Core genome single nucleotide polymorphism (SNP) phylogeny and gene-presence-absence matrix of PacBio-sequenced B. cenocepacia isolates and four NCBI reference genomes J2315, MC03, AU1054, HI2424. A. We aligned the core genomes of twelve PacBio-sequenced isolates (Bcc001, Bcc022, Bcc023, Bcc030, Bcc116, Bcc129, Bcc137, Bcc173, Bcc174, Bcc179 and J2315) with MC03, AU1054 and HI2424 to identify core genome SNPs and built the unrooted phylogeny using FastTree. The isolates are colored based on their RAPD genotype. The recA sub-group A isolates formed a distinct clade from recA sub-group B isolates. B. Using the pan-genome analysis with Roary, we identified 3645 core genes (present in at least 99% of the strains), 5345 shell genes (present in at least 15% of the strains up to 95% of the strains) and 6706 cloud genes (present in less than 15% of the strains). Mapping the gene presence-absence matrix from the Roary pan-genome analysis onto the unrooted phylogeny from A, we can clearly see distinct differences in gene composition that separate recA sub-group A strains from recA sub-group B strains.
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Figure S10. Phenotypic diversity of B. cenocepacia RAPD09, 15 and 44 isolates. A. We measured the phenotypes and associated patient lung function as described above. To generate the heatmap, data were normalized as described in Methods. The core-genome phylogeny and the associated heatmap of RAPD09 with the scale bar for the heatmap on the top right. B. We measured the phenotypes and associated patient lung function as described in Methods. To generate the heatmap, data were normalized as described in Methods. Heatmap of the phenotypes is mapped onto the core-genome phylogeny of recA sub-group B strains (RAPD15 and RAPD44) with the scale bar for the heatmap on the top right.
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Figure S11. Isolation date of B. cenocepacia RAPD01 and 02 isolates. The core-genome phylogeny and the associated isolation dates and patient IDs for A. RAPD01 and B. RAPD02 isolates. Small colored dots are used for indicate time points for which 2-3 isolates were collected.
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Figure S12. Isolation date of B. cenocepacia RAPD04 and 06 isolates. The core-genome phylogeny and the associated isolation dates and patient IDs for A. RAPD04 and B. RAPD06 isolates. Small colored dots are used for indicate time points for which 2-3 isolates were collected.
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Figure S13. Mauve whole genome alignments of early and late isolate pairs show evidence of genome reduction for patients A. P01 and B. P13. Each colored region is a locally collinear block where there is no observed rearrangement of the backbone sequence. The colored blocks on the top represent the PacBio assembled genomes for the early isolate and the bottom colored blocks represent the PacBio assembled genomes for the later isolate. The gaps seen in the early isolates indicate missing sequences in the later isolates.
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Figure S14. Boxplot of genetic variations in candidate gene families versus the observed motility variation. A – D. We generated the genotypic variation matrix by defining the variation for each isolate with respect to its RAPD reference, with 1 =  “wild type” and 0 = “mutant” (which includes any allele affected by deletion, nonsense, or missense mutations compared to the RAPD PacBio reference sequence from the earliest time point. E – H. We used the Roary gene possession matrix where 1 = gene presence and 0 = gene absence. Width of the boxplots represent sample size.
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Figure S15. Boxplot of genetic variations in candidate gene families versus the observed biofilm variation. A – D. We generated the genotypic variation matrix by defining the variation for each isolate with respect to its RAPD reference, with 1 =  “wild type” and 0 = “mutant” (which includes any allele affected by deletion, nonsense, or missense mutations compared to the RAPD PacBio reference sequence from the earliest time point. E – H. We used the Roary gene possession matrix where 1 = gene presence and 0 = gene absence. Width of the boxplots represent sample size.
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