Finding genes associated with antibiotic resistance in
Pseudomonas and Klebsiella

This exercise demonstrates two different ways to look for antibiotic resistance
genes in PATRIC. The firstis to do a direct search with the gene name and a popular
Pseudomonas strain. The second is to use PATRIC’s specialty gene search. We will
begin with the mexA gene in Pseudomonas aeruginosa strain PAO1. This strain of P.
aeruginosa is one of NCBI's reference strains and PATRIC has incorporated 46
transcriptomic experiments for this genome.

I. Searching for a specific gene in a specific strain of Pseudomonas
1. Search for the gene name (mexA) and the strain (PAO1) in the global search box
on PATRIC and hit return.

&= PATRIC

mexA PAD1 Q.

2. This will open up the search results page. You can see that there are 12 features
that match the search criteria. This page shows the top three results.

a=PATRIC

mexA PAO1 Q
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Showing results for mexA PAO1

Features (12)
472024..472053mexA
Pseudomonas aeruginosa PAO1H20
sig_peptide | OU9_00435
RND multidrug efflux membrane fusion protein MexA | mexA
Pseudomonas aeruginosa PAO1H20
CDS | OU9_00435
multidrug resistance protein mexA | mexA
Pseudomonas aeruginosa PAO1-VE13
CDS | N297_436 | N297_436

~

3. To see all the results, click on the number that follows the word “Features.”

Features (12)

4. This will display all the genes that match the search criteria.



Showing 12 feature(s) for: mexA PAO1

[7]  Select all (12) displayed feature(s)Show Toolbar

B 472024..472053mexA
Pseudomonas aeruginosa PAO1H20
sig_peptide | OUS_00435

B RND multidrug efflux membrane fusion protein MexA | mexa
Pseudomonas aeruginesa PAOLH20

CDS | 0Us_00435

(] multidrug resistance protein mexA | mexa

Pseudomonas aeruginosa PAO1-VE13
CDS | N297_436 | N297_436

a multidrug resistance protein mexA | mexa
Pseudomonas aeruginosa PAO1-VE2
CDS | N296_436 | N296_436

[ RND multidrug efflux membrane fusion protein MexA precursor | mexa
Pseudomonas aeruginosa PAOL

CDS | PAQ425 | PAD425

a multidrug resistance protein mexA | mexa
Pseudomonas aeruginosa PAO581
CDS | M801_436 | MBO1_436

(] multidrug resistance protein mexA
Pseudomonas aeruginosa PAO1-GFP

CDS | v563_05235

a RND efflux system, membrane fusion protein CmeA | mexa
Pseudomonas aeruginosa PAO1-VE2
CDS | fig|1367493.3.peg.446 | N296_436 | VBIPseAer310614_0446

I3

] RND efflux system, membrane fusion protein CmeA | mexa
Pseudomonas aeruginosa PAOL-VEL3
CDS | fig|1367494.3.peg.446 | N297_436 | VBIPseAer305084_ 0446

B RND efflux system, membrane fusion protein CmeA | mexA
Psei
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5. To find the gene in the PAO1 strain, click on the blue product description (RND
multidrug efflux membrane fusion protein MexA precursor).

( RND multidrug efflux membrane fusion protein MexA precursor | mexa
Pseudomonas aeruginosa PAO1

CDS | PAD425 | PAD425

6. This will take you to the landing page for the mexA gene in the PAO1 strain. Look
carefully at the page. It includes summary information across the very top, tabs
across the top of the page just above the tables, links to different information along
the left-hand side, and boxes with summary information.



Bacteria ' Proteobacteria * Gammaproteobacteria * Pseudomonadales * v 1as " aeruginosa PAO1 *

fig | 208964.12.peg.447 | PA0425 | VBIPseAer58763_0447 | mexA | RND efflux system, membrane fusion protein CmeA &

Compare
Pismy  Genome Region  Pathways  Transcriptomics Interactions COTC2ted e ature
Browser Viewer Genes

Add PATRIC Feature to Workspace Gene 1D PATRIC ID: fig|208964.12.peg.447 RefSeq: PA0425 Alt Locus Tag: VBIPseAer58763_0447
View NT Seguence Protein ID RefSeq: NP 249116.1  UnitProt: P52477 80 IDs are mapped mexA

View AA Sequence

—_—
External Tools o8
The SEED Viewer
Annotati Locus T: Start  End Nt AR Product
NCBI CDD Search nnotation Locus Tag n Length Length rodu
STRING: Protein-Protein Interactions PATRIC VBIPseAerss763_0447 472042 473175 1134 377  RND efflux system, membrane fusion protein CmeA
STITCH: Chemical-Protein Interactions
RefSeq PAG425 472004 | 473175 1152 383 RND multidrug efflux membrane fusion protein MexA
precursor
Recent PubMed Articles
Functional Properties
* 2015 Apr 28
Expression of the mexA Gene GO Assignments

Requires the DNA Helicase RecG in
Pseudomonas aeruginosa PAOL.

Heo A and Park W FIGfam Assignments FIG01304998
J Microbiol Biotechnol

EC Assignments

Pathway Assignments
» 2015 Apr

Reduced production of OprM may Structure Not supported by SSGCID/CSGID
promote oprD mutations and lead to I
imipenem resistance in Pseudomonas Protein o Al Q

aeruginosa carrying an oprD-group

7. We'll explore the tabs for this gene. Click on the second tab (Genome Browser).

Genome

Browser

8. This will open up the genome browser, which shows the PATRIC annotation
(generated by RAST and with the blue lines) and RefSeq annotation (green lines).
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9. Click on the 5t tab (Transcriptomics)

Compare
Region Pathways  Transcriptomics
Viewer

Genorne

Browser

10. This is where you will find a summary of all the transcriptomics experimental
evidence we have in PATRIC for this particular gene. The top of the page has a filter
that allows you to search for specific results. Below are two summary graphs that
display the information, followed by a table with the title and other information on
the experiment, including the log ratio and Z score for the gene in that particular
experiment.



Bacteria + aeruginosa PAO1 »
fig| 208964.12.peg.447 | PAO425 | VBIPseAer58763_0447 | mexA | RND efflux system, membrane fusion protein CmeA &
Compare
Genome Correlated
o | S T e S
The data below the i data i with this gene. The list of comparisons (and respective visual summaries) can be filtered by keyword,
log ratio and Z-score. To learn more, see Gene Page Transcriptomics FAQs.
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Download table in (] Excel file (xdsx) | [=] Text fle (.bxt)
Title ~ PubMed Accession  Strain Gene Modific Experimental Condition Time Point  Avg Intensity Log Ratio  Z-score
Pseudomonas aeruginosa (oMMB-PA4896) / Pseudo... 18086184  GSE9657 PA4896 overexpression 8.458 -0.416 -0.661
Pseudomonas aeruginosa_no treatment / Pseudomo... 18847467  GSE10604 Ortho-Phenylphenol 0mins  7.078 1158 -1.892
PAOL LB / PAOL-p&/A::Tn LB 18524913  GSEBOS3I psrA mutant vs wild type 10521 0.255 0914
Pssudomonas aeruginosa non-clonal biofilm culture ... 19222585  GSEG122 strain comparison,biofilm 10.369 -0.158 -0.388
P. aeruginosa strain C2773C / P. geruginosa strain ... 20856824  GSE21966 strain comparison 9.792 0.138 0.175
P. aeruginosa strain C3470C / P, aeruginosa strain P... 20856824  GSE21966 strain comparison 9.652 0.143 0123
P. aerug in P, gerugi nP. 20856824 GSE21966 strain comparison 10.069 0.692 0673

11. Along the top, you can filter on different levels of expression. Change the log
ratio from 0 to 1, and then click on the filter button.

255 comparisons
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12. The results of the filter will show you the experimental conditions where your
gene matches that value, and also shows the experimental conditions where the
gene is more significantly expressed.
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Download table in @ Excel file (xisx) | @ Text file (.bdt)
Title PubMed Accession Strain Gene Modific Experimental Condition Time Point  Avg Intensity Log Ratio Z-score
no treatment / 18847467  GSE10604 Ortho-Phenylphenol 20 mins 7.078 -1.158 -1.892
QOrth 20mi... 18847467  GSE10604 Ortho-Phenylphenol 20/60m... 7113 1.087 1.952
Whole cells, pre-PCP exposure RpoS- / Whole cells R... 17526777  GSES604 RpoS mutant,pentachlorophe... 13 hrs 9.505 -2.326 -5.017
Whole cells, pre-PCP exposure / Whole cells with PC... 17526777  GSES604 pentachlorophencl (PCP) 13 hrs 9.043 -2.193 -4.112
13. Return to the tabs and click the 7th one (Correlated Genes)
Compare
. Genome p . - .
Overview Region Pathways  Transcriptomics Interactions
Browser Vi ¢




18. This will open the page that shows correlated expression with the mexA gene.
The top row contains the mexA gene itself. The second row, with the highest
correlation to the mexA gene is mexB.

Correlation Cutoff: 0.4 ¥ Comrelation: positive Filter
10 features found
Workspace View Download Tools Columns

least FASTA DNA =) Table - Pathy Summal f§| Multiple Seq Alignment

() Add Featurels) Sv Ay i pie Sea Al (@ Showiide - Default @

¥ FASTA Protein 2 FASTA - " MAPIDsto.. - "

[} Genome Name PATRIC ID Alt Locus Tag RefSeq Locus Tag Gene Symbol  Product Description Correlation ~
=] Pseudomonas aeruginosa PAO1 fig|208964. 12 peq.447 VBIPseAer58763 0447 PAQ425 mexA RND effiux system, membrane fusion protein CmeA 1.000
] Pseudomonas aeruginosa PAOL fia|208964.12.peq 448 VBIPseAer58763 0448 PAD426 mexB RND efflux system, inner membrane transporter C.. 0.581
B Pseudomonas aeruginosa PAO1 fig|208964.12. peq.3056 VBIPseAer58763 3056 PA2915 Zn-dependent hydrolases, including glyoxylases 0.470
=] Pseudomonas aeruginosa PAO1 fig|208964.12. peg.2958 VBIPseAer58763 2958 PA2821 Glutathione S-transferase family protein 0.442
=] Pseudomonas aeruginosa PAOL fig|208964.12.peg. 449 VBIPseAer58763 0449 PAQ427 oprM RND efflux system, outer membrane lipoprotein Cm... 0.436
=] Pseudomonas aeruginosa PAO1 fig|208964.12.peq. 106 VBIPseAer58763 0106 PA0102 Carbonic anhydrase (EC 4.2.1.1) 0.420
] Pseudomonas aeruginosa PAOL fial208964.12.peq 5260 VBIPseAer58763 5260 PAS018 msrA Peptide methionine sulfoxide reductase MsrA (EC 1.... 0.406
B Pseudomonas aeruginosa PAO1 fig|208964.12 peq.58 VBIP: /63 0058 PAQOSS Uncharacterized protein conserved in bacteria 0.406
] Pseudomonas aeruginosa PAO1 fig|208964.12. peg.3262 VBIPseAer58763 3262 PA3110 DedD protein 0.400
=] Pseudomonas aeruginosa PAOL fig|208964.12.0eq.3204 VBIPseAer58763 3204 PA3053 2-hydroxy-6-oxo-6-phenylhexa-2,4-diencate hydrol... 0.400

19. Go back to the 1sttab (Overview).
Bacteria + Proteobacteria * Gammaproteobacter

fig | 208964.12.peg.447 | PA0425 | VBIPs

Compare
Overview gf{?ﬁ;ﬂ; Region Pathy
Viewer

Add PATRIC Feature to Workspace

View NT Seqguence

View AA Sequence

External Tools

The SEED Viewer

NCBI CDD Search

STRING: Protein-Protein Interactions
STITCH: Chemical-Protein Interactions

20. Along the upper left hand side, under “External Tools” there are a number of
hyperlinks to other resources that have information about the mexA gene. These
include SEED, Conserved Domain Database (CDD), String and Stitch. Clicking on any
of the title will open a new tab on your browser to the other resources, and will land
on the mexA gene there.
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21. This page also shows the most recent publications about the gene, with

hyperlinks to PubMed for researchers get access to the paper.
Recent PubMed Articles

S NCBI Resources ® HowTo ©

» 2015 Apr 28
Expression of the mexA Gene
Requires the DNA Helicase R
Pseudomonas aeruginosa P
Heo A and Park W
J Microbiol Biotechnol

PubMed B H

Advanced

2015 Apr National Institutes of Health

Reduced production of OprM may
promote oprD mutations and lead to
imipenem resistance in Pseudomonas
-aeruginosa carrying an oprD-group
1A allele.

ShuJCetal

Microb Drug Resist

Abstract v Sendto: v

J Microbiol Biotechnol. 2015 Apr 28;25(4):492-5.
» 2015 Feb

Expression of efflux pump
MexAB-OprM and OprD of
Pseudomonas aeruginosa strains
isolated from clinical samples using
QRT-PCR.

Arabestani MR et al

Arch Iran Med

} 2014 Dec
Expression of ampC, oprD, and
mexA, outer membrane protein
analysis and carbapenemases in
multidrug resistant clinical isolates of
Pseudomonas aeruginosa from
Egypt.
El-Mahdy TS
J Chemather

Expression of the mexA Gene Requires the DNA Helicase RecG in Pseudomonas aeruginosa PAO1.
Heo A", Park W',

# Author information

Abstract

This study provides evidence that RecG regulates the expression of the OxyR-independent gene mexA in Pseudomonas aeruginosa PAQ1. A
reduction in mexA expression was observed in the absence of RecG, but not OxyR, by northern blot and quantitative real-ime PCR analyses. The
canonical palindromic RecG binding sequence was present upstream of the mexA promoter, and bound purified RecG and single strand-binding
protein. These data reveal a novel mechanism of OxyR-independent gene transcription by RecG.

22. To find the related proteins in the same family you will need to look in the
Functional Properties table on the gene page for the FIGFam Assignment. Click on
the hyperlink to the protein family page by clicking on FIG01304998.



Functional Properties

GO Assignments -

EC Assignments -

FIGfam Assignments FIG01304998

Pathway Assignments -

Structure Not supported by SSGCID/CSGID
Protein Interactions Host-pathogen interactions: 0 All interactions: 0

23. This will take you to a table that shows all the members of the protein family
that contains mexA, and includes a large number of the genomes currently in
PATRIC.

Protein Family Members

19607 features found in FIG01304998

Salmonella enterica subsp. enterica serovar Choleraesuis ...  fig|938142.3.peg.3456 VBISalEnt312252 3456

Workspace View Download Tools Columns
E—..;@ Add Features) B FASTA DNA Table - }ﬁ Pathway Summary i Multiple Seq Alignment | ShowHide - Default
¥ FASTA Protein » FASTA - "4 MAPIDsto.. - (4]

7]  Genome Name PATRIC ID RefSeq Locus Tag Alt Locus Tag Gene Symbol
[7] Acinetobacter baurnannii 470922 fig|1310808.3.peq.2326 J707 2400 VBIAciBau281795 2326
[7]  Enterobacter sp. BS09 fig|137719.3.peq.3893 VBIEntSp64224 3893
7] Acinetobacter nosocomialis 28F fig|1147131.5.peq.1506 VBIAciNos231591 1506
"] Xanthomonas axonopodis pv. manihotis str. IBSBF 2538 fig|1185675.3.peq.72 VBIXanAxo245698 0072
[7] Delftia sp. 670 fig|1537702.3.peq.27 GY15 00115
"] Salmonella enterica subsp. enterica serovar Choleraesuis ...  fig|321314.9.peq.3877 VBISalEnt136302 3877
7] salmonella enterica subsp. enterica serovar Choleraesuis ...  fig|904139.4.peq.2130 VBISalEnt174419 2130
[7] Ssalmonella enterica subsp. enterica serovar Choleraesuis ...  fig|997330.3.peq.2430 VBISalEnt302986 2430
]

!

24. If you wanted to find if any Klebsiella genomes contained mexA genes in this
same protein family you could enter “Klebsiella” in the Keyword search at the top of
the table and click on the “Filter Table” button.

Protein Family Members

19607 features found in FIG01304998
Workspace View Download

25. This will show you the number of genes across all the Klebsiella genomes that
are members of this family. Note that the number along the top of the table has
changed.



Protein Family Members

816 features found in FIG01304998
Workspace View Download

== FASTA DNA Table -

[a Add Feature(s) A
¥ FASTA Protein &, FASTA -
]  Genome Name PATRI
[[] Kiebsiella pneumoniae BIDMC 47 fig| 14
[]  Klebsiella pneumoniae fig|86
[[] Kebsiella pneumoniae subsp. rhinoscleromatis ATCC 13884 fig|66]

Klebsiella pneumoniae subsp. pneumoniae Kp03210

=

123

26. You can add a column to show additional information, by clicking on the down
arrow next to the Show/Hide icon.

Columns

Show/Hide =~ Default

(4]

30. Click on the box in front of Length (AA) to see the length of the protein,
measured in amino acids.

Columns Columns
@ Show/Hide ~ | Def @ Show/Hide - D
B o L A 1D
Genome Name I Genome Name
[7] Accession ;_ 7] Accession
PATRIC ID i PATRIC ID
RefSeq Locus Tag ; RefSeq Locus Tag
Alt Locus Tag ; Alt Locus Tag
Gene Symbol Gene Symbol
[T Genome Browser 3 [[] Genome Browser
[T Annotation ¥ 7] Annotation
["]  Feature Type [7] Feature Type
I start 2 F start
[C] End ’* [ End
[} Length (NT) E [7]  Length (NT}
[T strand i [] strand
[ Protein ID ; [7] Protein ID
[[] Length (AA) ‘ Length (AA)
Product Description 3 Product Description

31. This will open up a new column that shows the lengths of the Klebsiella proteins

that are included in this family.



Length (AA)  Product Description

68 RND efflux system, membrane fusion protein CmeA

74 RND efflux system, membrane fusion protein CmeA

74 RND efflux system, membrane fusion protein CrmeA
138 RND efflux system, membrane fusion protein CmeA
177 RND efflux system, membrane fusion protein CmeA
177 RND efflux system, membrane fusion protein CmeA
187 RND efflux system, membrane fusion protein CmeA
187 RND efflux system, membrane fusion protein CmeA
210 RND efflux system, membrane fusion protein CmeA
214 RND efflux system, membrane fusion protein CrmeA

30. You can generate a multiple sequence alignment to see similarities and
differences in these proteins by first clicking on the box right in front of the column
“Genome Name.”
816 features found in

Genome Name

32. This will select all of the 20 genes that you see in the table that contains the
protein family members.

Workspace View g

Ao FASTA DNA

@ Add Feature(s) A
oF FASTA Protein | &

Genome Name

Klebsiella pneumoniae BIDMC 47
Klebsiella pneumoniae
Klebsiella pneurnoniae subsp. rhinoscleromatis ATC...

Klebsiella pneumoniae subsp. pneumoniae KpO3210
Klebsiella pneunoniae 1539

Klebsiella pneurnoniae UCI 61

Klebsiella pneumoniae 1S53

Klebsiella pneumoniae 1510

Klebsiella pneumoniae UCI 61

Klebsiella pneumoniae 1543
Klebsiella pneumoniae 1546

Klebsiella pneurnoniae subsp. pneumoniae B5055

Klebsiella pneumoniae 1S33

SN EEEE




33. In the Tools section above the table, click on the icon for “Multiple Sequence
Alignment.”

Tools
}4', Pathway Summary s Multiple Seq Alignment
*s MAPIDsto.. =

34. This will open up a new window that contains an alignment (right side) and a
gene tree (left side) for those first 20 proteins.

Protein Algnment

No. of Members: 20 Min AA Length: 68 Printable Alignment For all 20 members
No. of Species: 14 Max AA Length: 310 Printable Tree For all 20 members (Newick File)
phylogram +| Label tree with |_genome names ¢ » - 5% con

nserved per position (shaded blaj
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I1. Looking more broadly at antibiotic resistance genes-Specialty
Gene landing page for Pseudomonas

1. Enter Pseudomonas into the text box for the global search and hit return

&= PAIRIC

2. This will open up the search results page that divides the results into Features
(aka genes), Genomes, Taxonomy and Experiments.

10



Showing results for Pseudomonas

Features (9641193)

630277..631365
Pseudomonas alkylphenolia
/ CDS
765297..765713
Pseudomonas mendocina
“°% | misc_feature
1135319..1135529
Pseudomonas mendocina
%% misc_binding

HE -
—_—

Genomes (1153)

Pseudomonas syringae pv. aesculi str. 2250
s | 266 Contigs
4 | SEQUENCED: 2009-08-21T00:00:00Z (The Sain
COMMENT: Pseudomonas syringae pv. aesculi §
pathogen of Horse Chestnut trees in UK.
. Pseudomonas fluorescens Waynel

§ | 240 Contigs

| SEQUENCED: 2011-06-22T00:00:00Z (The Ohi
COMMENT: -

Pseudomonas aeruginosa JD304
1613 Contigs

|

Taxonomy (19436)
Pseudomonas (genus)
| 1143 Genome(s)

Pseudomonas pavonaceae (species)
‘0 Genome(s)

! Pseudomonas cruciviae (species)

N~ Py

3. Scroll down to the Taxonomy results and click on the name “Pseudomonas. “
Taxonomy (19436)

Pseudomonas (genus)
| 1143 Genome(s)

4.This will take you to the landing page for the genus Pseudomonas.

Bacteria * Proteobacteria * Gammaproteobacteria * Pseudomonadales * Pseudomonadaceae * Pseudomonas O A IED

Download genome data »

Taxcnomy  Phylogeny Geﬂgtme Ff';gf Sgﬂ‘:?’ ;ﬁtﬁens Pathways Transcriptomics Interactions  Diseases  Literature

Search Tools Taxonomy Summary
L<lil Genome Finder Taxonomy ID 286
1i# Feature Finder U cellular organisms > Bacteria > Proteobacteria > Gammaproteobacteria > Pseudomonadales >
i neage Pseudomonadaceae > Pseudomonas
& comparative Pathway Tool
. . External Links Immune Epitope Database and Analysis Resource
@ Protein Family Sorter

Summary Terms - Click on number to view genomes associated with term (see PATRIC FAQs)

Experiment Summary Genome Status WGS (1049), Complete (94)

Transcriptomics from GEO 349 Reference Genome Representative (30), Reference (1)

::nszﬁpmmiﬁ from o Antimicrobial Resistance Susceptible (125), Resistant (36), show all 182 genomes
ayExpress - Antimicrobial Resistance

Proteomics from PRIDE 0 Evidence AR

Structure from NCBI 2277 Isolation Country USA (259), France (79), show all 845 genomes

11



5. Click on the tab called “Specialty Genes.”

Genome Feature S ial
Taxonomy  Phylogeny o b gne:‘f

6. This will take you to the Specialty Genes landing page for Pseudomonas. On the
left side there is a dynamic filter, and on the right a table that shows the genes. The
table shows if the evidence came from literature or BLAST, the type of property
associated with the gene (i.e. virulence, antibiotic resistance, human homolog, or
drug target), various locus tags, the gene that has the actual evidence associated
with it, the gene name, the product description, a link to the PubMed reference (if
there is one), the percent identity of the Pseudomonas gene to the gene with the
evidence, and the E-value from the BLAST hit.

Filter By « | Specialty Genes
Cear Al 395387 records found
Property (39506 Workspace View Download Tools Columns Help
Vindence Factor (207124 - . @ -
Human Homolog tMMS)] L Aoa Feauureis) :o :ﬁ: ::;n 6] ::; . ifm:\g: :ww et @ Showhide - Defauk 6 e
Drug Terget (65683)
Antibiotic Resistance (37411) Evidence Property Source  Genome Name ~ PATRIC ID RefSeq Loc Al Locus Tag Souree 1D Gene Product Pubmed  Identity  E-value
Sam:,m; ('13'3975) BLASTR Virlence Factor VFDB  Pseudomonas serugi.. fgl983918.3.peq.5774 PAI3 2. VBIPseeriSe6S3 5.  VEGO114 Leader peptidase (Pr. %9 00
Human (84845) BLASTP Virulence Factor Victors  Pseudomonas perugi..  figl983918,3,0e0.5774 PAI3 2. VBIPseAer1B6653 5. 4208 Leader peptidase (Pr..  PubMed % 00
Victors (72360) BLASTP Virulence Factor VDB P nas serugi.. igl9A3918.3.080.2405 PAL3 I.. VBIPseAeriB6653 2. VG226 twitching matility pro... 100 6e-76
DrugBank (S6502) BLASTP Virulence Factor VFDB  Pseudomonas serugi.. fig|98391B.3.peq.4647 PAI3 2. VBIPSeAeriS6653 4.  VFG2071 Uncharacterized prot 100 6119
::ﬁ: Ef:::)’ BLASTR Human Homolog Human  Pseudomonas aerugi.. figl983918.3.0eq.2072 PAI3 1. VBIPseAerB66S3 2. NP 071 Methylcrotomyl-Co c. 65 00
IO (9181) BLASTP Virulence Factor VFDB  Pseudomonas serugi.. figl983918.3.0e0.2336 PAI3 1. VEIPseAeriS6653 2. VFGI209 Type IIT secretion e £ 1e-168
PATRIC_VF (838) BLASTP Virulence Factor VEDB  Pseudomonas serugi.. fig983918.3.0eg.4642 PAI3 2. VBIPseAerlB6651 4 VFG2076 CipB protein 99 0.0
Evidence (3053 BLASTP Virvlence Factor Victors  Pseudomonas erugi.,  fgl983918.3.0e0.4642 PAI3 2. VBIPsoMer1B6653 4. 231 CIp protein PubMed %9 00
BLASTP (215679) BLASTP Drug Target Drugank Pseudomonas serugi.. figI983918.3.0e0.3008 PA13 1. VBIPseAer1B6653 3. 6517 Protocatechuate 3,4-. 82 Se-123
Literature (179508) BLASTP Vinslence Factor WFDE  Pseudomonas serugi.. figl983918.3.0892097 PALY 1. VBIPseAeri86651 2. VFGI264 b Fiagellar biosynthesi.. ES) 00
Filter BLAST Hits by: BLASTP Virulence Factor VFDB  Pseudomonas serugi.. fig/983918.3.080.2354 PAL3 1. VBIPseAerlB6653 2.  VFGO192 Flagellum-specific AT. . % 0.0

7. In the dynamic filter, click on Antibiotic Resistance. This will filter the table to
show all the genes that meet that search criterion.

Filter By <« Specialty Genes
Clear Al 37411 records found

Property (395063) Workspace
clear A, Festure(s) B FAsT
[7] Virulence Factor (207124) © o FAST

[ Human Homolog (84845)

[ Drug Target (65683) [[]  Evidence Property
[/ Antibiotic Resistance (37411)

5] LY.L 2. Ainhllnlakl e Fiaalek

8. When you look at the column “Gene,” you can see that many of the genes do not
have a gene name, although they do have a product, or functional description. Click
once on the “Gene” column head.

Evidence Property Source  Genome Name = PATRIC ID RefSeq Loc Alt Locus Tag Source ID| Gene
BLASTP Antibiotic Resistance CARD Pseudomonas aeru... fig|983918.3.peg.2... PAL3 1. VBIPseAerl86653 ... NC 00...
BLASTP Antibiotic Resistance CARD Pseudomonas aeru... fia|983918.3.peg.4... PAL3 2. VBIPseAerl86653 ... NC_00..
BLASTP Antibiotic Resistance CARD Pseudomonas aeru... fig|983918.3.peg.3... PA13 2., VBIPseAer186653 ... NC_00..
BLASTP Antibiotic Resistance CARD Pseudomonas aeru... fig|983918.3.peg.5... PAL3 3.. VBIPseAerlB6653 .. NC 00..
BLASTP Antibiotic Resistance CARD Pseudomonas aeru... fia|983918.3.peg.5... PAL3 2. VBIPseAerl86653 ... NC_00...

9. This will resort the table and show you the genes that have an associated gene
name.
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Gene - Product Pubmed = Identity = E-value

MexF Multidrug efflux tra...  PubMed 95 0.0
MexF Multidrug efflux tra... 87 0.0
aadAl  Streptomycin 3"-0-...  PubMed 100 0.0
aadAl  Streptomycin 3"-O-... 100 0.0
acrA Multidrug efflux RMN... 98 0.0
acrh Multidrug efflux RMN... 99 0
acrh Multidrug efflux RN... 100 0.0 |
acrA  Multidrug efflux RN... 99 00 §
acrB RND efflux system, ... PubMed 81 0 |
acrB Multidrug efflux RN...  PubMed 99 0.0
o e sn. o Ao an |

12. Examine the first row and the associated data and evidence for that gene.

Evidence Property Source  Genome Name PATRIC ID RefSeq Lot Alt Locus Tag
BLASTP Antibiotic Resistance ARDB 135 pSeu.. fig|1182590.4.peg...  BN5 0. VBIPsePse244945 ...

Source ID  Gene «

YP 001... MexF

Product

Multidrug efflux tra...

Pubmed

PubMed

Identity
95

E-value

0.0

13. Find the PATRIC ID and click on it.
fig|1182590.4.peq....

14. This takes you to the landing page for that gene.

Bacteria ! 21 teria pseudoalcaligenes CECT 5344
fig| 1182590.4.peg. 1503 | BNS_01487 | VBIPsePse244545_1503 | MexF | Multidrug efflux transporter MexF &

PATRIC I0: fig| 1182590.4.06.1503 RefSeq: BNS_D1487 Alt Locus Tag:

Gene ID
View NT Sequence VBIPschse244545_1503 MexF
View AA Sequence Protein 1D RefSeq: ((H37584.1
E E—
External Tools
s
The SEED Viewer
Annotation  Locus Tag Start  End  NTlength  AALength  Product
NCBI CDD Search
PATRIC VBIPsePse244945_1503 158866 162045 3180 1059 Multidrug effiux trar MexfF
STRING: Protein-Protein Interactions - - mporter
STITCH: Chimica-Prod Ioerations. 1F4541 501467 158866 162045 3180 1059 RND multidrug effc transporter
Recent PubMed Arficles FOEERE T
GO Assignments
No pubmed record Is avallable.
£C Assignments -
Flease try PMC or Google Scholar
FiGfam Assignments FIG00102465

Pathiay Assignments
Structure Mot supported by SSGCID/CSGID

Protein Interactions an (]

15. Scroll down to the bottom of the page and you will see a description of the
evidence that linked this gene to antibiotic resistance. It gives the specific source

information, including the strain that the original gene was in, and also includes the
PubMed link so that you can examine the evidence directly.
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Special Properties
Evidence Property Source

Antibiotic
BLASTP ARDB»
Resistance

Antibiotic
BLASTP CARD »
Resistance

Source ID

YP_001187672 »

NC_002516.2.882884.p01

Organism

Pseudomonas
mendaocina

ymp
Pseudomonas

aeruginosa
PAO1

PubMed

5044268 »

Subject
Coverage

100

100

Query Identity E
Coverage value
100 95 0.0
100 87 0.0

III. Assignment: Find other genes and explore them using PATRIC
You can do similar searches to find other genes of interest. Below is a list of the
genes important in antibiotic resistance. For each gene, see if you can find it in the
PAO1 genome, and if not, search more broadly in Pseudomonas or Klebsiella. Are any
of the genes not found in either of those genera, but found in other genera of
bacteria in PATRIC? Are there any genes that you can’t find in any genome in

PATRIC?

mexA
mexB
tolC
oprD
ampC

Aminooglycoside AAC

Aminoglycoside APH
Aminoglycoside ANT
tetM

tetO

tetQ

cfr

erm

gnrA

qnrB

qnrS

gyrA

gyrB
parC

parE
mecA
vanA
vanB
vanE
vanG
pmrA
pmrB
phoP
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phoQ
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