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Abstract: Objective: Provide data support for the source tracing
and pollution prevention of Pseudomonas aeruginosa in drinking
water in Hunan Province. Methods: According to the national
food safety standards of GB 8538—2016, the bottled water was
tested randomly collected from partial cities and counties in
sequencing and

Hunan Province, and the whole genome

molecular traceability of the 18 strains of Pseudomonas
aeruginosa were detected. The carrying of virulence genes and
drug resistance genes was detected. Results: It was confirmed
that four strains of Pseudomonas aeruginosa showed consistency

in terms of geographical distance, genetic distance, pathogenic
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and drug-resistant genotypes, and it was presumed that there was

the same source. Conclusion: The traceability analysis of
Pseudomonas aeruginosa in drinking water and the analysis of
virulence and drug resistance genes in drinking water can be
realized by whole gene sequencing based on 16S rRNA and single-
copy orthologous genes.
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Table 1 18 Strains of Pseudomonas aeruginosa genome information
R 8 I GCHH/Y%  MBEAMSEE SR  #i2 RNABHE  BOEHAK RNA #i
HNTLO1 6 564 153 66.10 6 104 68 4
HNTLO02 6 455 457 66.40 6 062 65 6
HNTLO3 6 309 683 66.44 5902 66 3
HNTLO4 6 501 425 66.38 6123 69 3
HNTLO05 6 526 141 66.31 6 155 68 7
HNTLO06 6 572 045 66.10 6 122 67 4
HNTLO7 6 533 116 66.05 6 160 69 5
HNTLOS8 6 685 466 66.02 6 259 69 3
HNTLO09 6 645 379 66.22 6 282 65 5
HNTL10 6 569 111 66.10 6 113 68 4
HNTLI11 6 401 848 66.50 5994 66 6
HNTL12 6 435 568 66.31 5 987 67 6
HNTL13 6 570 829 66.10 6 117 68 4
HNTL14 6 611 568 66.22 6171 69 5
HNTL15 6 499 961 66.33 6 131 66 6
HNTL16 6 577 789 66.31 6 204 65 6
HNTL17 6 388 713 66.39 5939 67 5
HNTL18 6 363 047 66.44 6 013 67 4
""" T 651173883 6626 610211 6717 478
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Table 2 Analysis of orthologous gene and paralogous gene of 18 strains of Pseudomonas aeruginosa
T PR N EHRFELERN  ZHIEREEIRE RERIHER HAb R R U5 5 R R N IE=Y"
HNTLO1 5529 39 0 5568 T BH 57 A
HNTL02 5 435 45 4 5 480 T BH K7 R
HNTLO03 5 287 49 54 5 336 R BA IR 1
HNTLO04 5 394 79 66 5473 LR ZE
HNTLO5 5436 71 95 5507 AL T
HNTLO06 5539 41 2 5 580 AL R B
HNTLO07 5179 191 147 5 370 AL
HNTLO8 5 607 52 30 5659 ML BH
HNTL09 5 420 111 75 5531 N4
HNTLI10 5 535 38 0 5573 ¥4
HNTLI11 5378 43 45 421 T PR
HNTLI12 5303 59 57 5362 TP PR
HNTL13 5536 41 1 5577 TN ZR 2
HNTL14 5 373 132 90 5505 TN AR %
HNTLI15 5448 41 51 5 489 KN B
HNTL16 5 520 54 38 5574 R U A B
HNTL17 5 324 47 32 5371 ke U T8 2
HNTLI18 5 347 36 38 5383 R oy 3
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E—Etk.
2.4

ISR BEAMERZELETHN
BB 1 AJ %0, 3T 16S rRNA f it R 45 L B M, 18 bk
B g M R ML TR OB B R £ SN 2 FE. H o HNTLI10.

HNTLO6

HNTLO05, HNTLI1S8,

HNTLO09,

EF ISRNABENEBEZRBEERSNHGE

HNTLOS.

HNTLO1,HNTL17 ,HNTL15,HNTL14,HNTL13,

92

-

le-04

rHNTL10
rHNTLO6
FHNTLO5
tHNTL18
tHNTLO9
tHNTLOS

HNTLO1

rHNTL17
FHNTLI15
rHNTL14
FHNTL13
FHNTL12
LHNTLO4

HNTL16
HNTLO3
HNTLO2
HNTLO7
HNTLI11

0.0000

A1
Figure 1

0.600 5 ) 0.601 0
WL
Genetic distance

0.001 5

T 16S rRNA #) & 18 #R4A IR EILTH £ 5o & A M

Phylogenetic tree of 18 Pseudomonas aeruginosa

strain based on 16S rRNA
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Figure 2 Phylogenetic tree of 18 Pseudomonas aeruginosa

strain based on single-copy orthologous genes
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Figure 3

Flower plot of 18 strains of Pseudomonas

aeruginosa virulence factor gene
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Table 3 Analysis of unique virulence factor of 18 strains of Pseudomonas aeruginosa

Wikk  Flagella ACF  ExoA ExoU FHA HpuAB MAM7 ExoY Pix  TCP FadD33 Type IVpili it
HNTLOL 5 1 1 1 1 1 1 0 0 0 0 4 15
HNTLOZ 5 1 1 1 1 1 1 1 0 1 0 5 18
HNTLO3 5 1 1 0 1 0 1 1 0 0 0 4 14
HNTLO4 5 1 1 0 1 1 0 1 0 1 1 5 17
HNTLO5 6 1 1 1 1 0 1 1 0 0 0 4 16
HNTLO6 5 1 1 1 1 1 1 0 0 0 0 4 15
HNTILO07 5 0 0 0 1 0 1 0 0 1 0 5 13
HNTLO§ 5 1 1 1 1 1 1 0 0 1 0 5 17
HNTLO9 6 1 1 1 0 1 1 0 1 1 0 5 18
HNTL10 5 1 1 1 1 1 1 0 0 0 0 4 15
HNTL11 5 1 1 1 1 1 1 0 0 1 1 5 18
HNTL12 5 1 1 1 1 0 1 0 1 0 0 4 15
HNTL13 5 1 1 1 1 1 1 0 0 0 0 4 15
HNTL14 6 0 1 0 1 0 0 1 0 1 0 4 14
HNTL15 6 1 1 1 1 0 1 1 0 1 0 5 18
HNTL16 5 1 1 1 1 1 1 1 0 1 0 5 18
HNTL17 5 1 1 0 1 1 1 1 0 1 1 5 18
HNTL1S 6 1 1 0 1 1 1 1 1 1 0 5 19
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Figure 4

Flower plot of 18 strains of Pseudomonas

aeruginosa resistance gene
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Table 4 Analysis of uniquedrug resistance gene of 18 strains of Pseudomonas aeruginosa

—_— B-WBERcEE AN B-MEEReEE EEEIB Wz e SR O i2E 3 AR
Hi 4 Tu(EF-Tw)  OXA-10 Hifk  JEF R HH ydhP M CzcR I OmpR Al (DHPS)

HNTLO1 18 0 5 3 1 1 0 0
HNTLO2 25 7 11 1 1 1 0 0
HNTLO3 25 7 6 2 1 1 1 0
HNTLO04 25 7 7 1 1 1 1 0
HNTLO5 25 7 28 1 1 1 0 3
HNTILO06 18 0 5 3 1 1 0 0
HNTLO7 7 7 28 0 1 1 1 0
HNTLO08 18 0 5 3 1 1 0 0
HNTLO09 18 7 6 4 1 1 1 0
HNTLI10 18 0 5 3 1 1 0 0
HNTLI11 25 7 4 2 1 1 1 0
HNTL12 18 7 5 3 1 1 0 0
HNTLI13 18 0 5 3 1 1 0 0
HNTLI14 25 7 6 2 1 0 1 0
HNTLI15 18 7 4 1 1 1 1 0
HNTILI16 25 7 11 1 1 1 0 0
HNTL17 25 7 4 2 0 1 1 0
HNTLI18 25 7 4 2 1 0 1 0

. M ATP  BERRIAST T55%  DNAWINEW  HEAMER R —E R L $L: 4B s

i SR HepA  JAWHE PhoB M4 WIE B EEEM TweDWik BB 3M  C2cRR.QseB a
HNTLO1 0 0 0 0 0 0 28
HNTLO02 0 0 0 0 0 0 46
HNTLO03 0 0 0 0 0 0 43
HNTLO04 0 0 0 0 0 0 43
HNTLO5 1 0 0 0 0 0 67
HNTLO06 0 0 0 0 0 0 28
HNTLO7 0 0 0 0 0 0 45
HNTLO08 0 0 0 0 0 0 28
HNTLO09 0 0 0 0 0 0 38
HNTLI10 0 0 0 0 0 0 28
HNTLI11 0 1 0 0 0 0 42
HNTLI12 0 0 0 0 0 0 35
HNTLI13 0 0 0 0 0 0 28
HNTL14 0 0 1 1 0 0 44
HNTLI15 0 0 0 0 0 0 33
HNTLI16 0 0 0 0 0 0 46
HNTL17 0 0 0 0 0 0 40
HNTLI18 0 0 1 0 1 1 13

A EEE R . HNTL14 #1 HNTL1S /b CzcR 3,
T £ e T 2 0 AT 1 B Y AR A U A B
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ilg . S R e 26 25 0 e O T B L 1T BT bR X g 2
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