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ABSTRACT 

Pseudomonas aeruginosa (P. aeruginosa) is a common environmental bacterium found in 

various habitats, including water and soil. Rapid detection of this microorganism is essential 

for monitoring environmental contamination and assessing its potential impact on 

ecosystems and public health. This study aimed to develop a high-efficiency loop-mediated 

isothermal amplification (LAMP) assay targeting a P. aeruginosa-specific gene encoding a 

hypothetical protein (GenBank ID: 882161). The study involved two main parts: 1) Isolation 

and identification of P. aeruginosa from environmental samples, and 2) Evaluation of the 

established LAMP assay on these environmental P. aeruginosa isolates. A total of 52 

samples were collected from various geographical regions in Ho Chi Minh City, with 50 

samples (96%) containing Pseudomonas species, characterized as rod-shaped, Gram-

negative bacteria growing on selective media. Following duplex PCR screening, 14 P. 

aeruginosa-like environmental strains were isolated, and 5 randomly selected isolates were 

confirmed as P. aeruginosa through 16S rRNA sequencing. The LAMP assay was optimized 

at 60°C, 63°C, and 65°C for 30 and 45 minutes, using specific primers, and tested on all five 

confirmed P. aeruginosa isolates. The results demonstrated that the LAMP assay was highly 

specific (100%) for detecting environmental P. aeruginosa, with a detection limit of 1 pg/μL. 

In conclusion, P. aeruginosa is prevalent in the environment, and the developed LAMP 

assay shows strong potential for identifying environmental P. aeruginosa isolates. 
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INTRODUCTION 

Pseudomonas aeruginosa (P. aeruginosa) is 

a highly adaptable, Gram-negative 

bacterium (Iglewski, 1996) commonly 

found in various environments, including 

soil, water, and hospital settings (Green et al., 
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1974) (Gellatly & Hancock, 2013; Nadell et 

al., 2017; Stover et al., 2000). This 

bacterium is notorious for its ability to cause 

a wide range of infections, particularly in 

vulnerable populations such as burn patients, 

individuals with cystic fibrosis, and the 

elderly (Berube et al., 2016) (Li et al., 2016). 

Its presence in hospitals is particularly 

concerning, as it accounts for a significant 

proportion of nosocomial infections, 

including urinary tract infections, 

pneumonia, and septicemia. The increasing 

incidence of multidrug-resistant P. 

aeruginosa infections poses a serious threat 

to global public health (Sathe et al., 2023). 

Traditional diagnostic methods for detecting 

P. aeruginosa, such as bacterial culture and 

biochemical tests, often fall short in terms of 

accuracy, processing time, and cost (Jami 

Al-Ahmadi & Zahmatkesh Roodsari, 2016). 

Polymerase Chain Reaction (PCR) 

techniques, though highly sensitive and 

specific, require expensive equipment and 

are time-consuming (Mullis et al., 1986). 

These limitations have driven the 

development of alternative diagnostic 

methods, one of which is Loop-mediated 

Isothermal Amplification (LAMP). 

LAMP, a novel technique first introduced in 

the early 2000s, has gained significant 

attention due to its simplicity, efficiency, 

and cost-effectiveness (Notomi, 2000). 

Unlike PCR, LAMP does not require a 

thermal cycler, as it amplifies DNA at a 

constant temperature of around 65°C (Koide 

et al., 2010; Lim et al., 2013). This technique 

uses multiple primers to amplify the target 

gene, resulting in a highly specific and 

sensitive assay. The amplified products can 

be easily visualized, making the LAMP 

assay a practical choice for detecting a wide 

range of pathogens, including bacteria 

(Maruyama et al., 2003), viruses (Enomoto 

et al., 2005), and parasites (Zoheir & Allam, 

2010).  

The high efficiency of the LAMP process 

allows for the detection of the amplified 

DNA through various methods, such as 

fluorescence signals, turbidity changes, or 

even visual inspection with the naked eye (Li 

et al., 2017). Due to its simplicity, rapidity, 

and high specificity, LAMP has become a 

valuable tool for detecting various pathogens 

(Garg et al., 2022). 

The study aimed to develop a LAMP assay 

specifically for detecting P. aeruginosa from 

environmental samples. LAMP was tested 

on various environmental isolates of P. 

aeruginosa, as well as a laboratory strain, P. 

aeruginosa ATCC 9027. The sensitivity and 

specificity of the LAMP assay were 

evaluated to ensure its effectiveness in 

identifying P. aeruginosa in diverse 

environments. 

MATERIALS AND METHODS 

Samples collection 

Fifty-two environmental P. aeruginosa-like 

samples were collected at various regions of 

Ho Chi Minh City, Vietnam, particularly 

from soil and wastewater. These samples  

were collected using cotton swabs and 

cultured in cetrimide medium (HiMedia, 

India), a selective medium for Pseudomonas 

for 2-3 days. All samples were screened 

based on colony morphology on cetrimide 

agar and Gram staining under a microscope. 

The isolates were stored at -80oC in LB broth 

containing 30% glycerol for further use. 

DNA extraction 

The DNA was extracted from overnight 

bacterial culture grown in cetrimide medium 
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using TE buffer (Tris-EDTA) 1X solution 

(Kodackattumannil et al., 2023). Briefly, a 

single bacterial colony was suspended in 300 

µL of Tris-EDTA (TE) 1X buffer (pH = 8) 

and heated to 95 °C for 15 minutes. After 

heating, the solution is rapidly cooled to 

3°C–4°C for 10 minutes. The solution was 

then subjected to centrifugation at 14,000 

rpm for 5 minutes; the supernatant was 

transferred to a new tube as the DNA stock 

and stored at −20 °C until use. 

Duplex polymerase chain reaction (PCR) 

Duplex-PCR using algD-oprL was used to 

screen for P. aeruginosa-like isolates and 

was confirmed to be effective for identifying 

P. aeruginosa (Nguyen et al., 2022). Briefly, 

the standard 25 μL reaction mixture 

contained 12.5 μL GoTaq® G2 Hot Start 

Green master mix (Promega), 10 µM of each 

primer (PHUSA Biochem Oligo), and 100 

ng DNA, nuclease-free water.  

The PCR cycle included an initial 

denaturation of 5 min at 94°C, followed by 

30 cycles of denaturation at 94°C for 1 min, 

annealing at 60°C for 1 min, extension at 

72°C for 1 min, and final incubation at 72oC 

for 7 min. The PCR products were then 

separated by gel electrophoresis at 100V for 

45 minutes using a 1.5% agarose gel.  P. 

aeruginosa ATCC 9027 was used as the 

positive control and other bacteria strains, 

including E. coli ATCC 35218, A. 

baumannii ATCC 19606, and S. aureus 

ATCC 29213 were used as negative controls 

in all experiments. 

Table 1: Primers used in the duplex PCR (Nguyen et al., 2022) 

          Primer Sequence (5’-3’) Size (bp) Product 
size 
(bp) 

algD Forward TTCCCTCGCAGAGAAAACATC 21 299 

Reverse CCTGGTTGATCAGGTCGATCT 21 299 

oprL Forward CTGTGGGTTGCTCCTCCAAG 20 520 

Reverse CTCGCCCAGAGCCATATTGT 20 520 

16S rRNA sequencing 

To validate the results of the duplex PCR 

and subsequent LAMP assay, the duplex 

PCR-identified bacterial strains were 

confirmed using 16S rRNA sequencing 

(Nam Khoa Biotek CO., Ltd.). The 

sequences of 16S rRNA were then used to 

construct a phylogenetic tree using Mega 11 

(https://www.megasoftware.net).  In this 

process, the sequences were initially aligned 

using ClustalW (http://www.clustal.org) to 

ensure accurate homologous region 

comparison. The Neighbor-Joining method 

was selected as the optimal evolutionary 

model based on the dataset. MEGA 11 then 

generated the phylogenetic tree from the 

aligned sequences, incorporating bootstrap 

analysis to assess the statistical robustness of 

each branch. 

Primers used for establishing LAMP to 

detect P. aeruginosa 

A hypothetical protein gene (GenBank ID: 

882161) was used due to its high 

conservation among P. aeruginosa strains, 

and distinctiveness from other species (Li et 

al., 2018). Primer design for the LAMP 
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assay was performed using NEB LAMP 

Primer Design (https://lamp.neb.com) in 

conjunction with manual design. The 

primers were evaluated using the Multiple 

Primer Analyzer 

(https://www.thermofisher.com) based on 

the following criteria for LAMP primers: 1) 

Tm value: F1c and B1c > F2 and B2 (60-

65°C) > F3 and B3; 2) Minimum 

dimerization ΔG > -4; 3) GC content 

between 50% and 60%; 4) No secondary 

structure Primers designed by Li et al. 

(2018) were compared with those generated 

using the NEB LAMP Primer Design tool. 

The comparison revealed that Li et al.'s 

primers exhibited cross-primer dimers 

between B3 and FIP, whereas the primers 

designed in this study did not show such 

dimer formation. 

All sets of primers were synthesized 

commercially (PHUSA Biochem Oligo) and 

are listed in Table 2. 

Table 2. Loop-mediated isothermal amplification primers used in the study   

Name Primer Sequence (5’-3’) Size 
(bp) 

Product 
size (bp) 

Set 2  

(this 
study) 

F3 GACCTCGACTACTCCAGC 18  

217  

B3 AGCCGCGGACGAAGTC 16 

FIP TGCGGCATTCCCTCTTGCATTTTCAATTCCC
CGAGGGCTTC 

41  

BIP ATCTTCGAGACCTACGACCACCTTTTTTCGC
GCCCAGGATG 

41  

  

PCR to detect a hypothetical protein gene 

of P. aeruginosa using F3 and B3 primers 

Purified DNA of P. aeruginosa and non - P. 

aeruginosa samples underwent polymerase 

chain reaction (PCR) to amplify the 

hypothetical protein gene for P. aeruginosa 

identification. Each 25 µL PCR reaction 

includes 12.5 μL GoTaq® G2 Hot Start 

Green master mix (Promega), 1 μL of each 

primer designed (10 µM) (PHUSA Biochem 

Oligo), 100 ng DNA, and nuclease-free 

water. The PCR program is set up with an 

initial denaturation at 95°C for 5 min, 

followed by 32 cycles of denaturation at 

95°C for 30 sec, annealing at 57°C for 30 sec, 

extension at 72°C for 30 sec, and incubation 

for 7 min at 72oC. The PCR products were 

analyzed by gel electrophoresis at 100V for 

45 minutes using 1X SB buffer and a 1.5% 

agarose gel.  

Loop-mediated isothermal amplification 

(LAMP) assay  

LAMP was performed using WarmStart® 

Fluorescent LAMP/RT-LAMP Kit (with 

UDG) (New England Biolabs Ltd.). The 

reaction mixture consisted of 12.5 

µLWarmStart Multi-Purpose LAMP/RT-

LAMP 2X Master Mix (with UDG) (New 

England Biolabs Inc.), 1.6 µM primers FIP 

and BIP, 0.2 µM each of the outer primers 

F3 and B3, 100 ng DNA template, and 

nuclease-free water to a total volume of 25 

µL. Isothermal amplification was conducted 

at 60°C, 63°C, and 65°C for 30 min and 45 

min to select the optimal temperature. The 
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reaction was then terminated by heating at 

80°C for 2 minutes. The products were 

visualized by adding 0.5 µL SYBR-Green I 

to each reaction tube for fluorescence 

detection or gel electrophoresis using 1.5% 

agarose gel (45 min, 100 V, 1X SB buffer).     

Specificity and sensitivity analysis 

Specificity testing of the developed LAMP 

assay was performed using environmental P. 

aeruginosa, and non - P. aeruginosa isolates, 

including coli ATCC 35218, A. baumannii 

ATCC 19606, and S. aureus ATCC 29213. 

The specificity of the LAMP assay was 

evaluated and compared with the PCR 

results using F3-3 and B3-3 primers.  

The specificity was calculated using the 

following formula (Parikh et al., 2008):  

Sensitivity= 
𝑇𝑟𝑢𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒

𝑇𝑟𝑢𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 +𝑓𝑎𝑙𝑠𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒
 

(Probability of being tested positive when 

the gene presents) 

The analytical sensitivity of the LAMP 

reaction was tested using serially diluted 

DNA of P. aeruginosa with concentrations 

ranging from 100 ng/μL to 10-5 ng/μL. The 

LAMP products were analyzed by 1.5% 

agarose gel electrophoresis.  

RESULTS 

Pseudomonas aeruginosa-like isolates 

from the environment samples 

After isolating 52 samples, 50 out of 52 

isolates (96%) were Gram-negative, rod-

shaped under the light microscope at 100X 

and were capable of growing on cetrimide 

agar after 18–24 hours of incubation. The 

colonies obtained were single, with 

morphology and purity resembling P. 

aeruginosa (Figure 1). 

 

Figure 1. Representative of environmental P. aeruginosa-like isolates. (A) Green pigment produced 
by a P. aeruginosa strain on Cetrimide agar. (B) Gram stain of the isolate observed under a 100X 
magnification light microscope. 

Screening the presence of P. aeruginosa 

using duplex PCR 

Among the fifty samples, fourteen (14/50, 

28%) environmental P. aeruginosa-like 

samples tested positive for both oprL and 

algD, twenty-six samples (26/50, 52%) 

tested positive for oprL only, and the 

remaining ten samples did not show any 

product on gel electrophoresis (Figure 2; 

detailed in Supplementary Data Figure S1). 
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Figure 2. Representative duplex PCR products of the oprL-algD gene. (A) Laboratory bacteria. Lane 
1: P. aeruginosa ATCC 9027 (positive control); lane 2-4: E. coli ATCC 35218; A. baumannii ATCC 
19606; S. aureus ATCC 29213 (negative control). (B) Environmental P. aeruginosa-like isolates. Lane 
1 – 10: P. aeruginosa-like isolate M: 100bp DNA ladder; NC: Negative control (no DNA). 

Confirmation of the duplex PCR 

identified strains with 16S rRNA 

sequencing 

Five samples that were positive for both 

algD and oprL were randomly selected for 

16S rRNA sequencing and were confirmed 

as P. aeruginosa, suggesting the screening 

using duplex PCR was effective. The results 

were further used for a phylogenetic tree 

analysis, where the 16S rRNA gene 

sequences of these five samples clustered 

closely with known Pseudomonas 

aeruginosa strains, confirming their identity 

(Supplementary data, Figure S2). This 

finding validates the duplex PCR as an 

effective screening method for detecting P. 

aeruginosa in environmental samples.  

Specificity of F3 and B3 primers 

Four laboratory bacterial strains, including P. 

aeruginosa ATCC 9027, E. coli ATCC 

35218, A. baumannii ATCC 19606 and S. 

aureus ATCC 29213 were used to test the 

specificity of F3 and B3 primers.  The PCR 

product appeared as a single band at 

approximately 217 bp for P. aeruginosa 

strains, while no bands were observed for the 

negative control strains (Figure 3). This 

result confirmed the BLASTN findings that 

our LAMP primer sequences were specific 

to only P. aeruginosa. 

 

Figure 3. Agarose gel electrophoresis of PCR products with F3-3 and B3-3 primers. M: 100bp DNA 
ladder; Lane 1: P. aeruginosa ATCC 9027; Lane 2: E. coli ATCC 35218; Lane 3: A. baumannii ATCC 
19606; Lane 4: S. aureus ATCC 29213; Lane 5: Negative control (no DNA). 
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Detecting environmental P. aeruginosa 

isolates using LAMP assay 

For detecting P.aeruginosa isolates, primer 

set 2 was used, and the products were 

analyzed using gel electrophoresis for a 

better illustration of the method efficacy. 

LAMP products were observed as the 

pattern of DNA laddering at 65oC for 45 

minutes. As detailed below, P. aeruginosa 

ATCC 9027 was positive, while E. coli 

ATCC 35218, A. baumannii ATCC 19606 

and S. aureus ATCC 29213 were negative. 

Therefore, this temperature and running time 

were selected for specificity and sensitivity 

analysis on environmental P. aeruginosa 

isolates.  

 

Figure 4. LAMP optimization period (A) 30 min and temperatures 60, 63 and 65 °C. (B) 45 min and 
temperatures 60, 63 and 65 °C. M: 100bp DNA ladder; NC: Negative control (no DNA); (+): P. 
aeruginosa ATCC 9027, (-): E. coli ATCC 35218; A. baumannii ATCC 19606; S. aureus ATCC 29213. 

Specificity and sensitivity analysis 

In terms of specificity evaluation, all 

environmental P. aeruginosa were correctly 

identified. The PCR product appeared as a 

single band at approximately 217 bp, while 

the LAMP product appeared to show 

multiple bands of various sizes. The negative 

control showed no band on gel 

electrophoresis. These findings indicated 

that LAMP results were consistent with PCR, 

demonstrating high specificity (Figure 5, 

detailed in Supplementary data, Figure S3-

4).  

For sensitivity evaluation, 10-fold serial 

dilutions (100 ng/μL to 10-5 ng/μL) of DNA 

from P. aeruginosa were tested by PCR and 

LAMP. Agarose gel electrophoresis results 

showed a limit of detection of 10-3 ng/μL, 

which  corresponds to around 192 genome 

copies per reaction (according to the genome 

size of P. aeruginosa) (Tümmler et al., 

2011). This ensures that even at low 

concentrations, the assay retains its ability to 

detect the presence of P. aeruginosa DNA 

with high accuracy. The sensitivity of the 

LAMP assay was consistent with that of 
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conventional PCR, further supporting its 

reliability as an efficient detection tool. 

 

Figure 5. The detection of environmental P. aeruginosa by LAMP compared with PCR. M: 100bp 
DNA ladder; control (+): P. aeruginosa ATCC 9027; (-): E. coli ATCC 35218; A. baumannii ATCC 
19606; S. aureus ATCC 29213; Lane 2-6: environment P. aeruginosa. NC: Negative control (no DNA). 

 

Figure 6. Comparison of the lowest detectable concentration of environmental P. aeruginosa by 
LAMP and PCR by 10-fold serial dilution (100 ng/µL to 10-5 ng/µL). M: 100 bp DNA ladder; NC: 
Negative control (no DNA). 

DISCUSSION  

Environmental P. aeruginosa is found in 

areas closely associated with human activity 

and can also be present in the human body 

(Crone et al., 2020). Therefore, controlling 

this bacterium in related infections is crucial, 

and an effective detection method is needed. 

This research aimed to develop a qualitative 

LAMP assay for detecting environmental P. 

aeruginosa to address certain limitations of 

traditional methods, including culturing and 

conventional PCR (Jami Al-Ahmadi & 

Zahmatkesh Roodsari, 2016).   

The highlight of this study lies in both the 

selection of the target gene and the design of 
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the primers. In contrast to previous studies 

that primarily focused on genes like oprL 

(Dong et al., 2021), this assay targeted a 

highly conserved hypothetical protein gene 

(GenBank ID: 882161), which is unique to P. 

aeruginosa. While this gene has been 

utilized in LAMP assays for clinical P. 

aeruginosa, it has not been applied to 

environmental isolates until now. 

Furthermore, the primers were carefully 

designed to avoid cross-primer dimerization, 

a limitation seen in earlier LAMP assays. 

These advancements improved the assay’s 

specificity and reduced the risk of false 

positives, setting this study apart from 

previous efforts to detect P. aeruginosa. 

In this study, there was a high prevalence of 

P. aeruginosa-like isolates in the 

environmental samples, accounting for 96% 

of total samples. Duplex PCR targeting oprL 

and algD revealed that 28% (14/50) of the P. 

aeruginosa-like isolates, or 27% (14/52) of 

all environmental samples, were positive for 

both genes. Additionally, 52% (26/50) of P. 

aeruginosa-like isolates tested positive for 

oprL. Previous studies have reported that 

oprL primers have 70% specificity for 

clinical P. aeruginosa isolates (49 confirmed 

P. aeruginosa out of 70 oprL-positive 

isolates (Rashno Taee et al., 2014) . 

However, in our study, the detection rate 

using oprL for environmental isolates was 

lower, at only 35% (14/40). These results 

suggested that while the oprL primers also 

detected non-P. aeruginosa alongside with P. 

aeruginosa isolates, the duplex PCR 

targeting oprL and algD was accurate for 

identifying P. aeruginosa.   

For the LAMP assay, our designed primers 

effectively detected environmental P. 

aeruginosa isolates and we employed 

agarose gel electrophoresis to confirm the 

LAMP results. Although this additional step 

may increase the time and cost of the assay, 

it provides a more definitive validation of the 

amplification products. Gel electrophoresis 

allows for more precise differentiation of 

specific amplification patterns, thereby 

reducing the potential for false positives. 

This does not significantly detract from the 

overall efficiency of the LAMP assay but 

rather enhances the reliability of the results 

in a research context, especially when high 

specificity is essential. 

The specificity of LAMP assay for the five 

identified P. aeruginosa isolated was 100%, 

and its sensitivity was 1 pg/μL (10-3 ng/μL), 

which is comparable to conventional PCR. 

This sensitivity aligns with previous studies 

evaluating the LAMP method. Valladares 

and Vazquez (2016) reported a limit of 

detection of 10−3 ng/μL for a LAMP assay 

detecting hepatica, which was also achieved 

with standard PCR using the outer primers. 

In this study, the LAMP products were 

analyzed by gel electrophoresis, and bands 

were visualized under UV light for an 

efficient illustration of the obtained results. 

Other visualization methods, such as 

turbidity (Wang et al., 2015), Calcein dye 

(Yuan et al., 2019), or Hydroxynaphthol 

blue (HBN) dye (Yang et al., 2014) which 

have also been used to optimize detection 

efficiency and these would be applied to 

generate a rapid kit in our future work.  

LAMP is highly susceptible to 

contamination due to its high amplification 

efficiency and the presence of multiple 

inverted repeats in the amplification 

products (Longo et al., 1990). High 

concentrations of amplification products can 

easily become airborne, potentially 

contaminating the environment, reagents, 

pipettes, and the operator's gloves and 

clothing. To mitigate this risk, we conducted 



Vietnam Journal of Biotechnology 22(4): 616-629, 2024. DOI: 10.15625/vjbt-21649 

625 

LAMP and gel electrophoresis in separate 

rooms using dedicated equipment to reduce 

carryover contamination. While this 

approach effectively controls the spread of 

amplification products, it cannot completely 

eliminate contamination. Hsieh et al. (2014) 

reported that dUTP and UDG enzyme 

treatment could prevent carryover 

contamination between subsequent reactions. 

Thus, using a LAMP kit with UDG can be 

effective for identifying environmental P. 

aeruginosa. 

One limitation of this study is the relatively 

small sample size of 52 environmental 

isolates, which may restrict the 

generalizability of the findings. Although 

the LAMP assay demonstrated high 

specificity and sensitivity for detecting P. 

aeruginosa, further validation with a larger 

and more diverse sample set is necessary. 

Expanding the study to include a wider range 

of environmental samples from different 

geographic locations and conditions would 

help to assess the robustness of the assay and 

its applicability across various settings. 

Moreover, expanding the sample size and 

incorporating clinical isolates would provide 

a more thorough assessment of the assay's 

effectiveness in real-world conditions, 

thereby enhancing its credibility as a 

dependable diagnostic tool. 

Recently, many  LAMP-based assays have 

been developed to detect various pathogens, 

including Staphylococci (Xu et al., 2012), 

Salmonella (Zhao et al., 2010), and E. coli 

(Zhao et al., 2009). In the future, maintaining 

consistent conditions will be crucial for 

improving detection capabilities  

CONCLUSION 

The LAMP assay for detecting P. 

aeruginosa proved to be a viable option, 

with specificity and sensitivity comparable 

to conventional PCR. The LAMP assay 

presented here is a simple and sensitive tool 

for identifying environmental P. aeruginosa. 
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SUPPLEMENTARY DATA 

 

Figure S1. Detection of P. aeruginosa like-isolates using duplex PCR. M: 100bp DNA ladder; lane 
12,13,17,19,22, 39, 40: non-P. aeruginosa; lane 21, 33, 29, 27, 34, 36, 42, 43, 49: environmental P. 
aeruginosa detected by oprL-algD; lane 11, 14-16, 18, 21, 37, 38, 41, 44, 45, 46-48, 50: environmental 
P. aeruginosa only detected by oprL. 

 

 

Figure S2. The phylogenetic tree of 5 Pseudomonas strains based on the phylogenetic analysis of 
16S rRNA using Mega 11. Distance matrices were calculated by the Jukes-Cantor method. 
Dendrograms were generated by Neighbor-Joining. The bar indicates sequence divergence. 
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Figure S3. In silico PCR analysis of F3 and B3 primers for detection of P. aeruginosa 

 

Figure S4. In silico LAMP analysis of outer primers (F3, B3) and inner primers (FIP, BIP) for detection 
of P. aeruginosa                                                                                                                                        
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