Bacterial strains, Plasmids and Media 
The bacterial strains, plasmids and primers used in this study are shown in Table 1, 2 & 3. The following bacterial culture media were used in this study. Luria- Bertani (LB) broth contained 10 g/l tryptone (Difco, MD, USA), 5 g/l Bacto yeast extract (Difco) and 5 g/l NaCl, adjusted to pH 7.5 with 5 N NaOH. LB agar is similar to LB broth but with 15 g/l Bacto agar (Difco, MD, USA). Cetrimide agar (Fluka, USA) contained 20 g/l of enzymatic digest of Gelatin , 1.4 g/l of Magnesium Chloride, 10g/l of Potassium sulphate, 0.3g/l of Cetrimide (Cetyltrimethylammonium Bromide) , 13.6 g/l of Agar and 10ml of Glycerol in one liter of purified water adjusted to final pH 7.2 ± 0.2 at 37°C. Antibiotics were added to broth and agar media at the following concentrations: ampicillin 100 μg/ml and kanamycin 50µg/ml unless otherwise specified. Liquid cultures were normally grown in 10 ml falcon tubes and were incubated at 37°C unless any other specified. LB broth containing 20% (v/v) glycerol was used as freezing medium for preservation of all bacteria used in this study at -80°C. 
Chemicals and reagents
All chemicals used in this study were analytical grade. CloneJETTM cloning kit was purchased from Fermentas Life Sciences, USA. All restriction endonuclease enzymes, Taq DNA polymerase, Bacterial Alkaline Phosphatase (BAP) and ligase enzymes used in this study were from Fermentas Life Sciences, USA. Antibiotics: ampicillin and kanamycin were purchased from Sigma-Aldrich, USA. The oligonucleotides used in this study shown in Table 3 and were purchased from 1st BASE, Singapore.
Isolation of Plasmid and Genomic DNA 
The desired strains from -80°C glycerol stocks were sub cultured in LB broth supplemented with appropriate antibiotic and incubated at 37°C overnight in a shaker. About 1.5 ml of overnight culture was centrifuged at 10,000 × g for 3 min. The cell pellet was resuspended in 300 µl of Plasmid Extraction buffer (50mM Tris-HCl buffer, 10mM Na2EDTA) with gentle vortexing, 300 µl of Alkaline lysis mixture (1N NaOH, 10 % (w/v) SDS) was then added and followed by adding of 300 µl of 3M sodium acetate (pH 5.5). The flocculent white precipitate was sedimented at 10,000 × g for 5 min. The supernatant containing plasmid DNA was transferred into a clean tube and extracted with 400 µl volume of chloroform. The mixture was then centrifuged at 10,000 × g for 2 min. 400 µl of supernatant was transferred into a clean tube containing 700µl of cold isopropanol and chilled for 20 min at -20°C. The precipitate was sedimented in a micro centrifuge tube at 10,000 × g for 5 min. The supernatant was discarded and the pellet was rinsed with 1 ml of cold 70% ethanol and centrifuged at 10,000 × g for 2 min to remove the residual ethanol with a micropipette. Then, the pellet was dried at 42°C for 10 min and dissolved in 30 µl of sterilized Milli-Q water (suitable for restriction enzyme digestion). 

P.aeruginosa genomic DNA was prepared as previously described by [Manning et al., 1986]. The bacteria were cultured in 10 ml LB broth and incubated at 37°C overnight. 3 ml culture was spun down at 10,000 × g for 3 min. The supernatant was decanted. The pellet was resuspended in 500 µl normal saline by repeated pipetting and vortexing. About 500 µl of TE-saturated phenol was added, mixed by inverting and centrifuged for 5 min at 10,000 × g. The upper aqueous phase was transferred to a new tube containing 600 µl cold isopropanol and mixed gently by rolling the tube until the DNA clump forms. DNA was hooked out with pipette tip, washed in 1 ml of 70% ethanol and spun down for 5 min at 10,000 × g. The supernatant was decanted. Thee DNA was dissolved overnight in 30 µl sterilized Milli–Q water. Electrophoresis was carried out as described by [Maniatis et al., 1989] with 0.8% agarose in Tris-acetic acid EDTA buffer.


[bookmark: _Toc142405823][bookmark: _Toc142409094][bookmark: _Toc142410667][bookmark: _Toc142480355][bookmark: _Toc142573205][bookmark: _Toc147037662]Polymerase chain reaction (PCR) 
The PCR reaction was performed according to [Delidow et al., 1989]. The PCR mixture contained 0.2mM each of dATP, dCTP, dGTP and dTTP, 10 pmol each of forward and reverse primer, 1 PCR buffer [50mM KCl, 10mM Tris- HCl (pH 8.3), 2.5mM MgCl2, 0.25 U Taq DNA polymerase, 50 ng of template DNA [Delidow et al., 1989]. The reaction mixture was made up to 25 µl with sterilized Milli–Q water.  Template DNA was denatured at 95°C for 4 min, followed by 30 cycles of amplification each of denaturation at 95°C for 30 sec, annealing at 50-60°C (depending on the melting temperature of the primers) for 30 sec, and extension at 72°C for 1 min followed by a final extension at 72°C for 7 min unless otherwise specified. PCR products were analyzed by 0.8% agarose gel electrophoresis.
Cloning of PCR product
All molecular techniques were performed according to standard protocols [Maniatis et al., 1989]. For cloning, PCR products were directly ligated into pJET1.2/blunt cloning vector (Table 2) and transformed into E. coli MC1061 λ pir competent cells (Table 2).

Restriction endonuclease digestion of DNA
PCR products and plasmid DNA were cleaved with suitable restriction enzymes using restriction buffers specified and provided by the manufacturer (Fermentas Life Sciences, USA). Approximately 100-500 ng of DNA was digested with 2-10 U of FastDigestR BglII restriction enzyme in a final volume of 20 μl. The reaction mixture was incubated at 37°C for 30 min. Agarose gel electrophoresis was performed to check complete digestion. The enzyme activity in the mixture was terminated by Phenol/Chloroform extraction. Restriction fragment and DNA fragment sizes were calculated by comparing their relative mobilities in agarose gels with that of DNA size markers. Gene ruler 100-bp and 1kbp DNA Ladder Plus (Fermentas Life Sciences, USA) were used as DNA size markers. The DNA restriction fragments of interest were excised from agarose gel and purified using the Qiagen gel extraction kit (Qiagen, GmbH Germany) according to the manufacturer’s instruction. 
[bookmark: _Toc142405831][bookmark: _Toc142409102][bookmark: _Toc142410675][bookmark: _Toc142480363][bookmark: _Toc142573213][bookmark: _Toc147037671]Dephosphorylation of vector DNA
In order to avoid the religation of vector background in cloning experiments, 3 μl of 10  phosphatase buffer and 1μl of 5U/μl of Bacterial Alkaline Phosphatase (BAP) (Fermentas Life Sciences, USA) were added to the purified digested vector DNA and the mixture was made up to 30 μl by adding sterilized Milli–Q water. The reaction mixture was then incubated at 60°C for 1 hr. The reaction was inactivated by Ethanol precipitation method.                          
[bookmark: _Toc142405832][bookmark: _Toc142409103][bookmark: _Toc142410676][bookmark: _Toc142480364][bookmark: _Toc142573214][bookmark: _Toc147037672]Ligation of restriction endonuclease digested DNA to vector
The purified restriction endonuclease digested DNA fragments were ligated at a molar ratio of 10:1 (Insert: Vector) as described by [Maniatis et al., 1989]. Rapid DNA Ligation Kit (Fermentas Life Sciences, USA) was used for ligation reaction. The ligation mixture contained 1 μl of 5 U/μl  T4 DNA ligase, 4 μl of  5  rapid ligation buffer, 50-100 ng of linearized vector DNA, insert DNA and the mixture was made up to 20 μl with sterilized Milli–Q water. The reaction mixture was incubated at 22°C for 5 min. Thereafter, the ligated DNA was used for transformation with appropriate competent E. coli strains. 
[bookmark: _Toc147037673][bookmark: _Toc142405833][bookmark: _Toc142409104][bookmark: _Toc142410677][bookmark: _Toc142480365][bookmark: _Toc142573215]
Preparation of competent cells and chemical transformation 
Competent cells were prepared according to the method previously described by [Hanahan, 1983]. E. coli MC1061 λ pir and E. coli SM10 λ pir strains (Table 1) were sub cultured in 10 ml LB broth with appropriate antibiotic and incubated at 37°C overnight. The overnight broth culture was diluted 1:10 dilution into fresh LB broth (20 ml) and grown to a mid exponential phase (A600 = 0.6). The cells were left on ice for 15-20 min, transferred to sterile centrifuge tubes and centrifuged at 3,800  g for 10 min at 4°C. The pellets were resuspended in 10 ml ice-cold 100mM MgCl2 and recentrifuged. Then, the pellet was resuspended in 2 ml of ice cold 100mM CaCl2 and left on ice for at least 60 min. Finally, glycerol was added to a final concentration of 15%. The suspensions were aliquoted in 100 μl and stored at -80°C. 
The competent cells were removed from -80°C and allowed to thaw on ice. The cells were centrifuged at 10,000  g for 30 sec. The pellets were resuspended in fresh 100 μl of ice-cold 100mM CaCl2 and left on ice for 15 min. 10μl of ice-cold ligated DNA was added to this mixture and left on ice for 15-30 min. The mixture was then heat-shocked at 42°C for 2 min and followed by incubation on ice for 20-30 min. 1 ml LB broth was added to the mixture and incubated at 37°C to allow the expression of antibiotic resistance genes. Thereafter, 100µl of the transformation mixture was plated on appropriate antibiotic selection plates and the remaining was concentrated by centrifugation for 30 sec and plated out. The inoculated plates were incubated at 37°C overnight. 
[bookmark: _Toc142405834][bookmark: _Toc142409108][bookmark: _Toc142410678][bookmark: _Toc142480366][bookmark: _Toc142573219][bookmark: _Toc147037678][bookmark: _Toc141160947][bookmark: _Toc142405838][bookmark: _Toc142409112][bookmark: _Toc142410682][bookmark: _Toc142480370][bookmark: _Toc142573223][bookmark: _Toc147037679]Bacterial conjugation
E. coli SM10 λ pir carrying pFS100 derivative plasmids and P.aeruginosa wild type were inoculated into LB broth supplemented with appropriate antibiotics and incubated at 37°C overnight. The overnight broth cultures were diluted 1:10 dilution in fresh LB broth and then incubated until A600 reached 0.4. After that, an equal amount of the donor and recipient were mixed at a ratio of 1:1 and washed with phosphate buffered saline (PBS) two times. The mixture was then spread onto the filter membrane placed on a pre-warmed LB plate and incubated at 37°C overnight allowing the transferring of the recombinant plasmids from E. coli SM10 λ pir into P.aeruginosa wild type. After overnight incubation, the bacteria from the filter were suspended in 1 ml of PBS. The suspended bacteria were selected by plating on the cetrimide agar supplemented with ampicillin and kanamycin. 
Preparation of DNA probes 
[bookmark: _Toc142409114]Isolated specific DNA fragments were labeled with Digoxigenin (DIG) using a DNA labeling kit (Roche Diagnostics, Germany). Approximately 10 ng to 3 µg of purified DNA fragments were heated at 95°C for 10 min and chilled immediately in ice. 2 µl of hexanucleotide mixture, 2 µl of 10  dNTP labeling mixtures and 1 µl of Klenow enzyme 1 U/µl were added to the DNA mixture. The reaction mixture was then incubated at 37°C overnight followed by heating at 65°C for 2 min or adding of 2 μl of 0.2mM EDTA, pH 8.0 to stop the reaction. The efficiency of the labeled DNA was determined according to the manufacturer’s instructions. The probe was prepared by denaturing 20 ml of hybridization solution 50% (v/v) formamide, 1% (w/v) SDS, 6  SSC, 1  Denhardt’s solution, 100 µg/ml herring sperm DNA and 100 μg/ml heparin containing 19 μl labeled DNA at 95°C for at least 10 min.
[bookmark: _Toc142409115][bookmark: _Toc142573225][bookmark: _Toc147037681]Dot blot hybridization
About 3-5μl of chromosomal DNA was applied to the positively-charged nylon membrane (Hybond-N+, Roche Diagnostics, Germany). The transferred DNA was fixed to the membrane by placing on 3MM Whatman No.1 filter paper presoaked with 0.4N NaOH for 20 min. The membranes were prehybridized with 20 ml of prehybridization solution at 42°C for at least 1 hr in HB-1000 hybridizer (UVP Laboratory, USA). The prehybridization solution was decanted, the preheated hybridization solution containing the appropriate probe was added to the membrane, and then hybridized at 42°C overnight. The probe solution was then decanted and stored at -20°C for reuse. Immunodetection was performed according to the manufacturer’s protocol (Roche Diagnostics), and results were interpreted from the color reaction.
[bookmark: _Toc142409116][bookmark: _Toc142573226][bookmark: _Toc147037682]Southern blot hybridization 
Southern blot hybridization was performed according to the method described by Southern (1975) and modified by [Maniatis et al., 1989] . The desired digested genomic DNA samples (0.1 to 10μg) were subjected to agarose gel electrophoresis. The gel was depurinated by soaking in 10 volumes of 0.25M HCl for 15 min. The DNA in the gel was then denatured by soaking in 5 volumes of denaturation solution (0.5 M NaOH, 1.5 M NaCl) for 30 min followed by soaking in 5 volumes of neutralization solution (0.5M Tris- HCl, 1.5M NaCl pH 7.5-8.0). Thereafter, the DNA was transferred onto positively-charged nylon membrane (Hybond-N+, Roche Diagnostics, Germany) by capillary transfer using 10  SSC as a transfer buffer overnight. Initially, 2 pieces of 10  SSC pre wet 3MM Whatman No.1 filter paper were placed on a glass platform transverse the baking tray containing 10  SSC wick. One piece of 2  SSC soaked 3 MM Whatman No. 1 filter was put on top of the wick followed by laying the agarose gel facing down onto this filter paper. Nylon membrane was then placed on top of the gel followed by 2 pieces of 2  SSC soaked 3MM Whatman No.1 filter paper and 3 cm height of tissue paper. After overnight transferring, the DNA from the nylon membrane was fixed by placing on 3MM Whatman No.1 filter paper soaked with 0.4N NaOH for 20 min and washed briefly in 2  SSC. Thereafter, the membrane was subjected to prehybridization, hybridization and immunodetection as mentioned above in dot blot hybridization.
DNA sequencing analysis
For DNA sequencing, DNA templates were purified using the Qiagen gel extraction kit (Qiagen, GmbH Germany). Approximately 100 ng of purified DNA product was sequenced in both directions using the ABI Prism Big Dye terminator cycle sequencing kit (Perkin-Elmer). Sequence homologies to genes in the GenBank database were determined using the BLAST algorithm of the NCBI at the National Library of Medicine [Altschul et al., 1997].

RESULTS

Construction of mutants using pJET1.2/blunt cloning vector
Insertion mutation was carried out in kdsA and waaG genes of the lipopolysaccharide biosynthesis (LPS) pathway of P.aeruginosa PAO1. Internal fragments of both kdsA and waaG genes were used to construct the recombinant plasmids using CloneJETTM pJET1.2/blunt cloning vector (Table 2). The purified PCR product of kdsA (421bp) and waaG (459bp) were inserted into pJET1.2/blunt cloning vector and transformed into E. coli MC1061 competent cells. This vector contains a lethal gene which is disrupted by ligation of the DNA insert into the cloning site. As a result, only cells with recombinant plasmids are able to propagate, eliminating the need for expensive blue/white screening. The transformants were selected on the LB agar supplemented with ampicillin (100 μg/ml). Insertion of the kdsA421 and waaG459 gene fragments into the pJET1.2/blunt vector was confirmed by PCR amplification using pJET1.2 forward and reverse sequencing primers (Table 3). The approximately 533bp and 571bp of PCR product containing kdsA421 and waaG459 fragments was seen in all the tested colonies (Figure 1A, 1B). The pJET::kdsA421 and pJET::waaG459 plasmid DNA were extracted from the positive colonies then purified and sequenced. The DNA sequences when BLAST searched against the database showed that the DNA sequences of the inserted DNA were identical to kdsA and waaG of P. aeruginosa (data not shown).
[bookmark: _Toc147037692]Subcloning of kdsA306 and waaG507 gene fragments into suicide vector pFS100
In order to construct negative mutant, kdsA421 and waaG459 fragments from pJET vector derivative were further sub cloned into pFS100 suicide vector (Table 2). Initially, both the kdsA421 and waaG459 gene fragments were amplified by using pJETF and pJETR primers (Table 3) from the plasmid DNA extracted from the positive colonies. The obtained 533bp kdsA PCR product was then digested with BglII (Figure 2A) which has 3 cutting sites resulting in four different sizes (30bp, 162bp, 306bp and 35bp). The larger sized fragment of 306bp was cut from the gel using Qiagen gel extraction kit and purified. The 571bp waaG PCR product was also digested with BglII (Figure 2B) which has 2 cutting sites resulting in three different sizes (30bp, 507bp, 34bp). The larger sized fragment of 507bp was also cut from the gel using Qiagen extraction kit and purified. The 306bp kdsA and 507bp waaG fragments were then cloned using T4 DNA ligase enzyme into BglII site of pFS100 suicide vector which had been previously dephosphorylated to reduce background of vector religation. The cloning strategy followed is shown in Supplementary S1- Figures 1A and 1B. 

The recombinant plasmids pFS100::kdsA306 and pFS100::waaG507 were transformed into the E. coli MC1061 λ pir competent cells and selected on LB agar supplemented with ampicillin (100µg/ml) and kanamycin (50µg/ml). Insertion of kdsA306 and waaG507 into pFS100 suicide vector was screened by dot blot hybridization analysis of crude DNA extraction using DIG-labeled 421bp kdsA and DIG-labeled 459bp waaG probe. Strong hybridization signals for kdsA were seen in 4 colonies (Colony numbers 2, 5, 20, 28) among 30 colonies selected on LB plates supplemented with ampicilin and kanamycin (Figure 3A). Similarly strong hybridization signals for waaG were seen in 5 colonies (Colony numbers 3, 7, 8, 15, 16) among 40 colonies selected on LB plates supplemented with ampicilin and kanamycin (Figure 3B).

In order to confirm the presence of kdsA and waaG probe-reactive fragments from the transformants, restriction digestion analysis was performed. The plasmid DNA extracted from 4 probe–reactive transformants of kdsA and 5 probe-reactive transformants of waaG were digested with BglII enzyme. The 5,205bp and 306bp DNA fragments corresponding to the expected sizes of pFS100 and kdsA306 fragments, respectively were seen after gel electrophoresis in two clones (Colony no 2 and 5). The 5,205bp and 507bp DNA fragments corresponding to the expected sizes of suicide vector pFS100 and waaG507 fragments were seen after gel electrophoresis in two clones (Colony no 8 and 16) (Figure 3C, 3D). 

The digested pFS100::kdsA306 and pFS100::waaG507 with BglII enzyme were used for Southern blot analysis to confirm the presence of the integrated kdsA and waaG fragments in the suicide vector pFS100. Southern blot hybridization was performed as described in Materials and Method section. The membrane was subjected to prehybridization, hybridization and immunodetection with kdsA 421bp, waaG 459bp and pFS100 5205bp gene probes during the analyses. Immunodetection resulted in color formation on the membrane. A labeled 1kb size marker used shows the exact sizes of the kdsA, waaG gene fragments and the plasmid pFS100 (Figure 4A, 4B). This analysis confirms the presence of the kdsA306 and waaG507 fragments in the suicide vector pFS100.

Colony PCR was carried out for the 4 positive colonies of kdsA gene using kdsAF and kdsAR primers and for the 5 positive colonies of waaG gene using waaGF and waaGR primers. The resulting 306bp PCR product of kdsA was observed in clone number 2 and 5 and 459bp PCR product of waaG was observed in clone number 8 and 16 in the agarose gel electrophoresis (Figure 5A, 5B). The recombinant plasmid DNA of these clones were extracted, purified and then sent for sequencing.  The DNA sequencing result was found to be positive for the clone pFS100::kdsA extracted from the colonies 2, 5 and for the clone pFS100::waaG extracted from the colony number 8, 16. The sequence result for the colony number 5 was found to be 96% identical and colony number 2 was found to be 92% identical to the kdsA gene of the P.aeruginosa chromosome. The sequence result for the colony number 8 was found to be 90% identical and colony number 16 was found to be 89% identical to the waaG gene of P. aeruginosa (Supplementary S1-Figure 2, 3). Thus the DNA sequencing results for both pFS100::kdsA and pFS100::waaG recombinant plasmids confirmed the integration of the insert kdsA306 and waaG507 fragments into the suicide vector pFS100.

Generation of the mutants by insertion duplication mutagenesis in the chromosome of Pseudomonas aeruginosa PAO1 
Homologous recombination can be generated by crossing over between two regions of DNA containing identical or nearly identical sequences. Plasmid insertion duplication mutagenesis can be generated by a single crossover between pFS100::kdsA306 with its homologous kdsA gene and between pFS100::waaG507 with its homologous waaG gene on the chromosome of P.aeruginosa wild type strain. The strategy followed for the integration of pFS100::kdsA306 clone into chromosome of P.aeruginosa PAO1 is shown in Supplementary S1- Figure 4. Kanamycin resistant E. coli SM10 λ pir harboring respective recombinant plasmids of both the genes were conjugated to the recipient P. aeruginosa (wild type) using filter mating method (see Materials and Methods section). Following filter mating procedures the suspended bacteria were selected by plating on both cetrimide agar and cetrimide agar supplemented with ampicillin and kanamycin. Site specific insertion between the recombinant plasmid and homologous gene in the chromosomal DNA of P. aeruginosa occurred. Both the kdsA and waaG genes were found to be essential for P. aeruginosa as the resultant gene knock out mutants did not grow on both selective media and selective media supplemented with ampicillin and kanamycin (Supplementary S1- Table 1). For verification, both the kdsA and waaG genes were  subjected to 3 independent gene disruption experiments in order to confirm no growth of the mutants due to lack of recovery of antibiotic resistant colonies. All 3 gene disruption experiments confirmed the kdsA and waaG genes disruption and no growth in the selective media. 

PCR amplification of cell lysate to check for the loss of kdsA and waaG genes in cetrimide media
The conjugation of pFS100::kdsA306 and pFS100::waaG507 into the chromosome of P. aeruginosa yielded no growth in cetrimide agar plates as well as in the cetrimide plates supplemented with selective antibiotic markers ampicilin and kanamycin. This insertion duplication approach resulted in the introduction of selectable ampicilin and kanamycin resistance markers into the wildtype chromosome. In the case of non essential genes, cells can survive disruption and can form ampicilin and kanamycin resistance colonies in the agar plates. Two genes kdsA and waaG important for LPS synthesis were found to be essential due to lack of recovery of antibiotic resistant colonies. 
In order to confirm that the loss of either kdsA or waaG gene causes the lack of growth we designed an experiment to show that the chromosome has actually integrated the antibiotic markers into it hence resulting in the disruption of the gene and its function. Two primers outside the region of kdsA gene ‘orKdsAF’ and ‘orKdsAR’ (Table 3) were designed such that they anneal outside of the kdsA gene presumed to be mutated (Supplementary S1- Figure 5A). Similarly two primers outside the region of waaG gene ‘orWaaGF’ and ‘orWaaGR’ (Table 3) were designed such that they anneal outside of the waaG gene presumed to be mutated (Supplementary S1- Figure 5B).  These primers will amplify product of size above 1000bp and as a result the extension time during PCR was set for 2 min to facilitate larger length of the DNA fragments to be amplified.

The cell lysate obtained during the filter mating method containing E. coli SM10 λ pir harboring pFS100::kdsA306 and pFS100::waaG507 plasmids conjugated with the recipient P. aeruginosa (wild type) were used as DNA sample for PCR. The PCR products were run in 1% agarose gel electrophoresis and the size of the PCR products were checked. The kdsA mutant with complete recombination event in which wildtype allele is exchanged for the mutant allele which has incorporated the antibiotic cassette from the plasmid resulted in larger size band around 2500bp (Figure 6A) and the waaG mutant with complete recombination event resulted in band size around 3000bp (Figure 6B). The cell lysate DNA sample was also used for PCR using kdsAF, kdsAR and waaGF, waaGR primers (amplify internal fragment) in order to check for the presence of the kdsA and waaG gene fragment incase the clone has not incorporated into the chromosome. No PCR product was obtained. This confirms the disruption of the gene fragments. 
The 2500bp and 3000bp PCR products were then cut from the gel and extracted, purified and sent for sequencing. The result showed that the P. aeruginosa chromosome had incorporated the antibiotic cassette into it. From the sequence result it was found that the 2500bp PCR product from kdsA mutant amplified the regions of the genes encoding enolase (‘eno’ PA3635), CTP synthase (‘pyrG’ PA3637) and kanamycin resistance gene from the cloning vector with sequence similarity of 81%, 92% and 83%, respectively (Supplementary S1- Figure 6). This single crossover event in which the fragment of the target gene kdsA (not a complete 5' or 3' end) resulted in homologous recombination (single event) with one copy that does not have a 5' end and one that doesn’t have a 3' end. This resulted in inactivating the kdsA gene (both copies) encoding 2-dehydro-3-deoxyphosphooctonate aldolase (PA3636) and hence no growth was seen in the cetrimide agar plates. 

Similarly the sequence result for 3000bp PCR product from waaG mutant amplified the regions of the genes encoding lipopolysaccharide kinase (‘waaP’ PA5009), heptosyl transferase I (‘waaC’ PA5011) and kanamycin resistance gene from the cloning vector with sequence similarity of 88%, 78% and 78%, respectively (Supplementary S1- Figure 7). This single crossover event resulted in inactivating the waaG gene (both copies) encoding UDP-glucose (heptosyl) LPS alpha 1, 3-glucosyltransferase (PA5010) resulting in no growth seen in the cetrimide agar plates. Since, a disrupted essential gene will not permit colony formation and thus no ampicillin and kanamycin resistance colonies were recovered. The systems biology approach described here permits the assignment of potential targets conserved among pathogens as either essential or non essential for in vitro survival on growth media.


