Exploring antibiotic resistance in Acinetobacter baumannii

Antibiotic resistance of bacterial pathogens is becoming an area of increasing
concern, and this is

especially true of
Acinetobacter baumannii.
This organism has emerged
as one of the most
troublesome bacteria for
health institutions
globally[1-3]. A recent study
examined A. baumannii[4]
and found that horizontal
transfer plays an important
part in the development of
antibiotic resistance in this

pathogen.

We will use a variety of the PATRIC tools to explore genomic islands and the genes
associated with resistance and gene neighborhoods. This exercise has five parts.

I. Creating genome groups

In this part of the exercise, we will examine two particular strains of A. baumannii
that are known to have benefited from horizontal transfer[4], and compare these
two strains to other A. baumannii genomes to see how widely spread these genomic
islands are.

1. Login to the PATRIC website (patricbrc.org) so that you can use your workspace
in the downstream analysis.

711 B Mot Registered? Sign Up *
Learn About Reqgistering

2. Two A. baumannii genomes (strain AYE and SDF) were used to examine
horizontal transfer and antibiotic resistance. In the global search box, enter the
word AYE and hit return.

3. This will take you to the Search Results page that is divided into Features,
Genomes, Taxonomy and Experiments. Fortuitously enough, under Genomes you



will see both the AYE and SDF genomes. You see SDF because AYE is mentioned in
the comment field for the genome.

AYE

Showing results for AYE

Features (8786)
hypothetical protein
Acinetobacter baumannii AYE
-/ CDS | ABAYE1824 | ABAYE1824

monooxygenase
Acinetobacter baumannii AYE

! cos | ABAYE1825 | ABAYE1825
putative oxidoreductase
Acinetobacter baumannii AYE
CDS | ABAYE1827 | ABAYE1827

Genomes (2)

Acinetobacter baumannii AYE

1 Chromosome | 4 Plasmids
DISEASE: Nosocomial infections

COMMENT: Acinetobacter baumannii VEB.This bacteria is representative of nocosomial strains. It is responsible for a
high-mortaility hospital epidemic that broke out in northern France. This strain is resistant to a variety of antibiotics.
Acinetobacter baumannii SDE

1 Chromosome | 3 Plasmids

SEQUENCED: 2008-02-29 (Genoscope)

HOST: Body louse, Pediculus humanus | DISEASE: Nosocomial infections

COMMENT: Acinetobacter baumannii SDF.This strain is responsible for community-acquired infections, and is sensitive to
antibiotics. It was isolated from body lice collected from homeless people living in France. Since the louse's internal body
is usually sterile, the presence of this bacteria can only be due to cryptic bacteremic episodes. This strain is susceptible to
antibiotics while strain AYE is highly resistant.

4. Click on the number 2 that follows the word Genomes.

Genomes (2)

5. This opens up a page where you can filter results, or save selections to your
workspace. The filter on the left side allows you to narrow down the results based
on the metadata that is linked to them. You will need this later on in this exercise.

PATRIC Search

Show Results in: Showing 2 genome(s) for: AYE
& Summary Select all (2) displayed genome(s)Show Toolbar

= Features (8786) Acinetobacter baumannii AYE

1 Chromosome | 4 Plasmids

DISEASE: Nosocomial infections

COMMENT: Acinetobacter baumannii VEB.This bacteria is representative of nocosomial strains. It is responsible for a high-mortaility hospital
) Taxa (1) epidemic that broke out in northern France. This strain is resistant to a variety of antibiotics.

@) Genomes (2)

% Experiments (0) Acinetobacter baumannii SDF

1 Chromosome | 3 Plasmids
SEQUENCED: 2008-02-28 (Genoscope)

Genome Status (2) HOST: Body louse, Pediculus humanus | DISEASE: Nosocomial infections

[T] Complete (2) COMMENT: Acinetobacter baumannii SDF.This strain is responsible for community-acquired infections, and is sensitive to antibiotics. It was
Reference Genome (0) isolated from body lice collected from homeless people living in France. Since the louse's internal body is usually sterile, the presence of this
Antimicrobial Resistance (0) bacteria can only be due to cryptic bacteremic episodes. This strain is susceptible to antibiotics while strain AYE is highly resistant.

Antimicrobial Resistance Evidence
Isolation Country (1)

[7] France (1)
Host Name (1)

[] Body louse, Pediculus humanus (

6. Click the check box in front of the words “Select all (2) displayed feature(s).”
Doing this will click both of the genomes, and also open up specific tools above the
genome list.



Workspace

g Cl Add Genome(s) =

V| | Select all (2) displayed feature(s)Hide Toolbar

v Acinetobacter baumannii AYE

g

e

7. Click on the “Add Genomes” next to the folder icon in the Workspace header.

Workspace

N C‘ Add Genome(s)

8. This will open up a pop-up window that allows you to save the group.

Add Sel. d (s) to Worksp X

Add to group: | None ¥

Save to Workspace Cancel

9. Select the “Create New Group” option.

Add Selected Genome(s) to Workspace X
Add to group: |None N7
None

Create New Group
40 genomes Brucella
2 Ochro 40 Brucella

42 complete genomes-Mycobacterium

10. Name the group and click “Save to Workspace”. Now that data is saved and you
can use a number of tools to explore it.

Add Selected Genome(s) to Workspace *

Add to group: | Create New Group v

Acinetobacter AYE and SDF

Save to Workspace Cancel

T




Assignment
Create genome groups for the three categories below. Use the global search text box
and the dynamic filter on the Search Results page. When you complete your
assignment, you will have four different groups that include the one we just created.
e C(reate a genome group that contains all the complete A. baumannii genomes.
e C(reate a genome group that contains all the A. baumannii genomes that were
isolated in China.
e C(reate a genome group that contains all the A. baumannii genomes that were
isolated from hospitals (nosocomial).

Hint-To complete some of these tasks, you will need to resize the results table (its
set to show 20 genomes) to match the number of genomes that are the result of the
filtering parameters. You'll need to scroll to the bottom of the table to resize it
before selecting all the genomes.

II. Getting a freshly annotated genome ready for comparison in PATRIC

1. We have assembled and annotated two new A. baumannii genomes from NCBI's
Short Reads Archive (SRA) that have not previously been assembled or annotated.
You should have already started the process to annotate these genomes. Once they
are annotated, you will first need to make them into their own individual genome
group (Note: You can also add them to an existing group, but we'll start with this.
Also note that this is MY workspace. You have your own unique workspace and
names, and should use those in the following steps. You can find these genomes by
using the global search box. Enter the strain number for the Acinetobacter genome
you annotated into the search box (1000160) and hit return.

&= PATRIC

1000160

2. This will take you to the Search Results page.

Showing results for 1000160

Features (3996)
hypothetical protein
Yersinia pestis PY-100
CDS | YPPY100_0160 | YPPY100_0160
serine protease
Mycobacterium tuberculosis NRITLD51
CDS | BA10_00160 | BA10_00160
hypothetical protein
Mycobacterium tuberculosis MD16765
CDS | AJ10_00160 | AJ10_00160

Genomes (2)
~. | Acinetobacter baumannii 1000160
'} |23 Contigs

. | Candidatus Photodesmus katoptron
{{C)} |18 Contigs
=t 'SEQUENCED: 2014-07-18T00:00:00Z (University of Michigan)
COLLECTED: 2011 (Vanuatu) | HOST: Anomalops katoptron
COMMENT: Segquencing of the Candidatus Photodesmus katoptron genome for comparisen to relatives.




3. Under the “Genome” division click on the name of the genome you annotated
(Acinetobacter baumannii 1000160).

Genomes (2)

.. | Acinetobacter baumannii 1000160
\} |23 Contigs

4. This will take you to the landing page for your private genome (the 1000160
genome).

Bacteria * Protecbacteria * Gammaproteobacteria * Pseudomonadales * Moraxellaceae * Acinetobacter » Acinetobacter baumannii 1000160 =

Genome Circular Feature Spedialty Protein "
m Phylogeny Browser Viewer Table Genes Pathways Families Literature

Search Tools

Genome Summary

Add Genome to Workspace

|5 Genome Finder

Sequence Info

Sequencing Status

li# Feature Finder Summary Length: 3897165bp, Chromosomes: 0, Plasmids: 0, Contigs: 23
[E3 comparative Pathway Tool Genome ID 1310800.4
& Protein Family Sorter Organism Info Genome Status Wes
Antimicrobial Resistance
Recent PubMed Articles Collection Date
Isolate Info
No pubmed record is available. Isolation Country
Please try PMC or Google Scholar Host Info Host Name

Phenotype Info Disease
Project Info Completion Date
Others

Click for more:~

5. To make a genome group using this genome, you will need to click the blue button
that says “Add Genome to Workspace.”

Add Genome to Workspace

6. This will pop-up a window that allows you to save a group.

Add Selected Genome(s) to Workspace X

Add to group: | None N

Save to Workspace Cancel

7. Click on the down arrow next to “None” and then click on “Create New Group.”

Add Selected Genome(s) to Workspace X

Add to group: |None v
MNone
Create New Group
Acinetobacter AYE and SDF
Acinetobacter baumannii China

Acinetobacter baumannii Complete




8. In the text box below “Add to group” put in a unique name for the genome. Then
click the “Save to Workspace” button at the bottom of the window.

Add Selected Genome(s) to Workspace X

Add to group: | Create New Group v

Save to Workspace Cancel

Assignment: Create a new genome group for the second Acinetobacter genome
that you have annotated (strain 1592857).

III. Comparing genome groups in PATRIC using the Protein Family
Sorter tool

1. To look for presence or absence of the protein families within a genome group
that you have created, click on the Tools tab and under Comparative Genomics,
select the Protein Family Sorter tool

@& PATRIC o ey

SPECIALTY GENrS - :'L'::T"HCRestszameSea,m

FOR INFECTIOUS DISEASE R

Complete List of All Tools

Specialized Searches:

Feature Finder

PATRIC now offers analysis of Specialty Genes, i.e. genes that possess Genome Finder
properties that are of particular interest to infectious disease researchers. 1D Mapping

Classes of Specialty Genes currently supported include:
Specialty Genes Search
* Antibiotic Resistance Genes i .
« Drug Targets Comparative Analyses:

+ Human Homologs Comparative Pathway Tool
* Virulence Factors
Genome Metadata
BROWSE GENES Protein Family Sorter

Protein Protein Interactions

2. This will take you to the landing page for that tool.

© Select organism(s) © Enter keyword

My Groups | Taxonomy Tree || A-Z List

Jump to:

Search within:

cellular organisms
or Keyword

Select genomes from custom Genome Groups below

1#[] Acinetobacter AYE and SDF

11 [[] Acinetobacter baumannii China

#1[7] Acinetobacter baumannii Complete

1#[] Acinetobacter baumannii nosocomial
1#[] Acinetobacter baumannii 1592897

1#[] Acinetobacter baumannii 1000160




3. Scroll down in the Select Organism box until you see the genome groups you
created. Select the boxes in front of the three following Acinetobacter groups you
created:

e Acinetobacter AYE and SDF

e Acinetobacter baumannii 1592897

e Acinetobacter baumannii 1000160

© Select organism(s)
My Groups | Taxonomy Tree | A-Z List

Jump to:

Search within:
selected Workspace genomes

#[7] Acinetobacter AYE and SDF

#[] Acinetobacter baumannii China

= D Acinetobacter baumannii Complete
&[] Acinetobacter baumannii nosocomial
=] Acinetobacter baumannii 1592897
* m Acinetobacter baumannii 1000160

4. Hit the Search button under the keyword search box.
© Enter keyword

Keyword

5. This takes you to the Protein Family Sorter landing page. On the left you will see a
dynamic filter, and on the right a table that lists all the protein families.

Filter By «|| Table || Heatmap

4 genomes (Change Genome Selection) 3388 families found
Present in all families

Absent from all families Workspace View Download Tools Columns
Either/Mixed < FASTA DNA ] Tabl - Pathway Si &4 Multiple Seq Al t
e - . B reature) g‘ =] able A4 Pathway Summary & Multiple Seq Alignment Show/Hide
enome Name i |—® oV FASTA Protein 2| FASTA - % MAPIDsto.. ~ ()

® Acinetobacter bau... WGS

BURS Proteins Genomes Product Description Min AA Length
® Acinetobacter bau.. WGS
Cysteil (EC28.1.7)
@® Adnetobacter bau... Completd FIG00000001 3 3 steine desulfurase (EC 2.8.1.7. 653
FIG00000004 12 4 3-ketoacyl-CoA thiolase (EC 2.3.1.16) @ Acetyl-CoA acetyltra... 390
® Acinetobacter bau... Complete
FIG00000011 8 4 i (EC 2.4.1.129)... 798
FIG00000013 4 4 hydrolase (EC 3.1.2.6) 243
FIG00000015 4 4 Signal peptidase 1 (EC 3.4.21.89) 275
FIG00000017 7 4 Peptide deformylase (EC 3.5.1.88) 158
FIG00000019 5 3 Oct: I synthase (EC 2.5.1.-) / Di 303
FIG00000022 4 4 shikimate 1 alpha (EC 1.1.1.25) 262
FIG00000023 5 4 Transaldolase (EC 2.2.1.2) 119

6. One way you can examine differences in your genome groups is to visualize the
data. To do this, click on the Heatmap at the top of the table (next to the Table tab).

Table @ Heatmap

3388 families found




7. This will take you the heatmap view, where absence (black cells) and presence
(vellow, mustard and orange cells) can be seen across all genomes. The genomes
are on the y-axis, and the protein families on the x-axis.

Filter By <«| Table Heatmap

4 genomes (Change Genome Selection) 3388 families found

Present in all families
Absent from all families Flip Axis  Cluster  Advanced Clustering v

Either/Mixed

Legend « -
®  Genome Name Genom : Genomes

a HeatMap Cells

® Adnetobacter bau..  WGS | ca) color represents the

® Acinetobacter bau.. WGS | number of proteins from a
specific genome in a given

protein family.
®» Acinetobacter bau... Complete

B

® Acinetobacter bau... Complete

il R AU

11. You can order the protein families by the way the genes occur in a given genome.
This is a good way to check for something called genomic islands, which are parts of
a genome that were not directly inherited, but are obtained from different bacteria
in what is described as horizontal transfer. To do this using the Protein Family
Sorter, click on the down arrow in the text box next to the words “Advanced

Clustering.”

Table | Heatmap
3388 families found
Flip Axis Cluster Advanced Clustering v

12. This will open up a list of genomes that are included in the groups. Scroll down
until you find AYE strain of Acinetobacter baumannii. Click on that name.

W

Acinetobacter baumannii 1000160
Acinetobacter baumannii 1592897
Acinetobacter baumannii AYE

Acinetobacter baumannii SDF

13. This will order all the protein families along the order that the genes occur in
the AYE strain. You'll notice that the SDF, 1000160 and 1592897 genomes appear
to have long black boxes associated with them. This indicates that these genomes
are missing a long section of the genome that is present in the AYE strain. This is an
indication of a genomic island.



Table Heatmap
3388 families found

Flip Axis Cluster Advanced Clustering  Acinetobacter baumannii AYE v

Protein Families

I I 11U I ‘HH\I I \‘H\I IIIJI I’ |\ AT

14. Fournier[4] identified a genomic island associated with resistance to antibiotics
at the end of the AYE genome. Later on in this exercise, we will find the genes at
each end of the island, but for now we will look for the resistance island at the end of
the AYE genome. To do this, we’ll need to scroll down the heatmap view by moving
the slider at the bottom of the heatmap all the way to the right.

e MR L A

—

15. The island described by Fournier is found at the far right end. You can see that
the other genomes do not have this island.

(LT TR TR i

16. To see the genes that are in this area, you should use your mouse to draw a box
around the area of the genome that is next to a black box.




17. This generates a pop-up window that gives the user choices on what they want
to do with the selected data. Click the Show Proteins button at the bottom of the
pop-up window.

Selected Area from Heatmap X

Genomes selected: 1
Figfams selected: 28
Members: 4

Download Heatmap Data »  Download Proteins ~  Show Proteins  Sort Protein Families  Add Proteins To Group Cancel

18. This will open a new window that shows the genes found in that section of the
heatmap view that you selected.

36 features found in 26 protein families
Workspace ew

FASTA DNA Toe v A Pathway Summary |i5 Moltiple Seq Alignment
S Add Feature(s) L] — 4 Pathway Y iple Seq Aligr

o Show/Hide = Defoul
— ¥ FASTA Protein 5 FASTA - % MAPIDsWo.. - @

) Genome Name PATRIC 1D RefSeq Locus Tag Alt Locus Tag « Gene Symbol Produ

FIG01311579
FIG01328895
FIG01624648
FIG01304221
FIG01545402
FIG01843859
FIGO1558676
FIGO0067777
FIG01307316

308 ABAYEISS2
ABAYE3SS4

FIGOD:
Univer{
FIGOD:
i)
FIGOD:
FIGOO:
similar

ABAYE3560

ABAYE3S70
ABAYEIS7S

Strept
Integrd
FIG01058610
FIGO0034170
FIGO1311602
FIG01316038
FIG01391915
FIG00002773
FIG00141620
FIGO1558676

BsuBl-

ABAVE3S78 Aminod

ABAYE3SSL Phage
tran

Inserti
Mercu
i N

similar,

Strepts
FIG01319118
FIG01739024

Chlorar

Bicydof
FIG00033623
FIG00034170

Aminod
Aminod

19. To see the order the genes occur in, first resize the table by changing the
number at the bottom of it to include all the genes and hit return.

Show |36 per page

20. A close examination of all the results shows that [ have captured data genes that
appear to be ordered sequentially (ABAYE3552 to ABAYE3667), and then two
distally located genes (ABAYE3739 and ABAYE3853).

Assignment

You have created other genome groups in Part I (Creating genome groups) of this
exercise. Using the Protein Family Sorter tool as you have learned in this exercise,
answer the following questions:
¢ Do you see any islands in the SDF genome that are not shared with AYE?
e How many of the genomes in each of the groups you created have the
resistance island that is specific to the AYE genome?

10



e How many of the genomes in each of the three groups you created share
some of the islands that you can see that are specific to the SDF genome?

IV. Finding genes of interest from a published article

Scientists often have a difficult time taking published information and finding it in
the public data repositories. The article published by Fournier and others[4] on the
two A. baumannii genomes is a good example of this difficulty. In their article they
show a detailed map of the genes available on an 86-kb resistance island that they
identify in the AYE strain, providing the gene names and functional descriptions for
some as well as some other information including best BLAST hits (see figure
below). In this exercise, we will try to find some of those particular genes in
PATRIC. Attimes this will be a bit frustrating, but it is supposed to demonstrate
how individual researchers would need to do to find this. The end goal of this
exercise is to find the genes at the beginning and end of the resistance island so that
we can figure out the approximate 5’ and 3’ ends.

Arsenic resistance operon
A

~ ~ ’
aal L[ [ ja

al>
V

3’ partial tnid Transposition  (rkA rxB arsH arsB arsC arsR arsC uspA strA sirB
ATPase helper putative thioredoxin 1 detoxificationPIIID - o o o oo e
monooxygenase reductase 1SPpui2 — like transposon truncated Tn3393 -like}

transposon

____________________________________________________________________________

H
H
2 3 X § NRcRe
i H
tpM 1! il dfrl gackAl sull - emiA R terA IysR  Transposase Grofl-integ nJ aacs®  recG  Transposase
et L JDMORIBSE | e PRt e S e T ike protein. - fusion protein §
i
i
&l
K] N A 2 N 3 N 4 2y 32 N B ;
1
] infl 181999  MVEB-1 aadB arr2 cmlAS  PHOXA-10  aadAl gaclAl sull  Transposase dfrX qackAl sull orf5 186100
e G TMERIRIOL wrc i s ot s o T S A W I g s S e A A e e S D 3 !

TnpA ury merk merD merA merC merP merT
___________________________________________________________________________________________________________________________

Tn21 - like transposon truncated Tn/ 72/ - like transposon IS/ - like transposon

InsB (Tn/ )l ISi5 1S26  Transposase Résolvase IS/5 1S26 aphAl 1826 tnpM orfX orfX"  aadDAl  gackAl

______________ Pseudomonas sp.
i Py ' T
[t 2hg Kovr ] [ | g T
= . § Best Blast match with -
i i T E. coli
ull orfS | Résolvase  mbl | phR Heavymetal IspA  Transposasel  sull 5'-partial :
-------------- : L detoxificationprotein . o o oo oo ool ATPase Other bacteria

1. Fournier et al. show that the resistance island begins with a number of
transposable elements and some other genes of interest, but does not show the
exact chromosomal location. These genes include an arsenic resistance operon.
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Arsenic resmtance operon

3’ partial tnid Transposition  rkA wxB arsH arsB arsC arsR arsC
ATPase helper putative  thioredoxin
monooxygenase reductase

You may want to start by choosing the first gene that from the figure. Enter the
genome strain and the gene name in the search box (AYE tniA)

@ PATRIC

wosystems Resource Integra

AYE tniA Q

2. Unfortunately, this does not return a result.

a=PATRIC

Showing results for AYE tnid

Features
Genomes

Taxonomy
Experiments

3. Take the next gene, which is called Transposition helper, and use that to search
for a corresponding gene in the AYE genome

a=PATRIC

ysterns Resource Integ

AYE transposition helper Q

4. This returns one gene.

Pathosystems Resource Integration Center n ORGANISMS
I AYE transposition helper _

Showing results for AYE transposition helper

Features (1)
_| putative transposition helper protein

= ? J Acinetobacter baumannii AYE
2577 DS | ABAVE3665 | ABAYE3665

Genomes
Taxonomy

Experiments

12



5. We need to make sure that this is the right gene. To do this, you will need to click
on the blue text that gives the functional description of the gene.

putative transposition helper protein

6. This takes you to the landing page for that gene. You can see the PATRIC locus tag
(fig|509173.8.peg.3495), the RefSeq locus tag (ABAYE3665) and location of the start
site (3692574) and the end of the gene (3693497).

Bacteria + Proteobacteria * Gammaproteobacteria » Pseudomonadales » Moraxellaceae » Acinetobacter » Acinetobacter baumannii AYE »

fig| 509173.8.peg.3495 | ABAYE3665 | VBIACiBau69881_3495 | TniB NTP-binding protein

Compare
Genome " : y Correlated
M Browser \R;E%LDET Pathways — Transcriptomics Interactions Genes Literature

Add PATRIC Feature to Workspace Gene ID PATRIC ID: fig|509173.8.peg.3495 RefSeq: ABAYE3665 Alt Locus Tag: VBIACBau69881 3495

View NT Sequence Protein ID RefSeq: YP 0017153911 : BOVCGO 23 IDs are mapped
View AA Sequence
-
External Tools
CDSs

The SEED Viewer

Annotation  Locus Tag Start End NT Length  AALength  Product
NCBI CDD Search

i i ) PATRIC VBIAciBau69881_3495 3692574 3693494 921 306  ThiB NTP-binding protein

STRING: Protein-Protein Interactions

RefSeq ABAYE3665 3692574 = 3693497 924 307 putative transposition helper protein

STITCH: Chemical-Protein Interactions

7.In order to see if we have the right gene, we will need to look at the genes that
surround it to see if they match the genes described in the large figure at the top of
page 12. To do this, you need to click on the second tab (Genome Browser) at the
top of the page.

Genome
Browser

8. This will load the genome browser that shows two different annotations in the
same view. The top (blue arrows) is the PATRIC annotation. The bottom (green
arrows) is the RefSeq annotation.

Bacteia » Profecbacteria » GAmmaprosoiacteria » Pasudomonadales » Morsxelacess + Acinetobactes + Acnetabacter baumaniil AVE

o 500000 1.000.000 1,500,000 2,000,000 2,500,000 3.000.000 350,000
(=) (=) Q a, QQ NG 010410 = [NG_D10410:3651575. 3684435 (2.6 Ko
3892500 3,803,750
| Raterance sequence 200 I 10 50 sequence Zoom n 1o see 5o
PATRIC Annotation b ey—r—
igl 509173.6.peg. 3454 ol 509173.8.eg. 3456
RefSeq Annatation ABAvESEes
ABAYEI664 ABAYE3666
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9. Mousing over the genes on either side will show their names. Although the

transposase at the 3’ end makes sense, the hypothetical protein at the 3’ end still
does not tell us that we are looking at the right gene.

3,693,754
Reference sequence Zoom| Zoom in to see sequence Zoom in to see seqL
PATRIC Annotation fig|509173.8.peg.3495 fig|509173.8.peg. 3495
n
fig|509173.8.peg.3494 fig|509173.8.peg.3496
RefSeq Annotation ABAYE3665 ABAYE3665
ABAYE3664 " ANAYF3RA6

ABAYE3664 | ABAYE3666 |
hypothetical protein putative transposase
CDS: 3691429 .. 3692544 (-)

CDS: 3693499 .. 3695409 (-)
Click for detail information

Click for detail information

10. We need to expand the view of the browser. To do this, click on the magnifying
glass with the large minus sign in it.

File  View Help

0 500,000 1,000,000 1,500,000 2,0

I QQQQ NC_01

Reference sequence Zoom

PATRIC Annotation

fig|509173.8.peg.3494

fig|509173.8.peg. 3495

Bactenia»

11. This greatly expands the number of genes you see.

» Acinetobacter + Acinetobacter baumannil AYE +
fig] 509173.8.peg 3495 | ABAYE366S | VBIACIBau69881_3495 | TniB NTP-binding protein &

Overview [ a
Browser

Available Tracks File View Help

x o 500,000 1,000,000 1,500,000 2,000,000 2,500,000 3,000,000 3,500,000
i PR i @) OB o orosro| - [N oiceiossss221-3702880 1084 K
# RefSeq Annotation 3,685,000 3,690,000 3,695,000 3,700,000

w Reference sequence

Reference sequence . . 15 see sequence Zoom In to see sequence Zoom In to see sequence 2Zoom In to see

+ PATRIC Annotation

—_— p— =N  —
%g.3487 19/509173.8.peg. 3492 ig/509173.8.peg. 3495 1ig|509173,8.peg. 3498 1ig|509173.8.peg.3502
- —  — ~ — — —
fig|509173.8.peg.3484 ig|509173.8.peg. 3490 ig|509173.8.peg. 3494 1ig|509173.8.peg 3497  fig|509173.8.peg.3500 ig|5091
- -
173.8.peg.3482  fig|509173.8.peg.3488 ig|509173.8.peg. 3493 fig|509173.8.peg.3496 fig|509173.8.peg.3499
— — —
fig|509173.8.peg. 3485 ig|509173.8.peg 3491 ig|509173.8.peg.3501
—
ig|509173.8.peg.3486
- -
173.8.peg.3483 ig|509173.8.peg. 3489
. = — c— - — - — o — ]
. afSeg Anngiation ABAYE3660  ABAYE3662 ABAYE3664  ABAYEI666 ABAYE3668 ABAYE3670 ABAYE3672 ABAYED
- — — - — - — c— o — —_—
3653 ABAYE3655 ABAYE3658 ABAYE3661 ABAYE3663 ABAYE3665 ABAYE3667 ABAYE3669 ABAYE3671
- -
ABAYE3656 ABAYE3668
—_—
ABAYE3659

12. Mousing over the genes shows the names. ABAYE3660 corresponds to the
arsenic resistance protein (arsH) that is mentioned in the figure on page 12 of this
workflow. We have identified that this corresponds to the same arsH gene that
Fournier et al shows in the diagram, and now we know that one end of the
resistance island is right around the gene identified by the locus tag
fig|509173.8.peg.3495 (PATRIC) and ABAYE3665 (RefSeq). You'll notice that the
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genome browser show the genes in the reverse orientation that you see in the
figure.

] ' - — ~ E— ~
» RefSeq Annatation ATAYF3IREN  ARAYF3ARA? ABAYE3664 ABAY
- — _— ABAYE3660 | arsH — +~ I—
3653 ABAYE3655 ABAYE3658 . . . 3663 ABAYE3665
4 arsenical resistance protein
ABAYE3656 CDS: 3687040 .. 3687744 (+)
I lick for detail information
ABAYE36!
|
Assignment

¢ Find the other end of the resistance island in the AYE strain based on the part
of the diagram shown below (Hint! You can use the information we found in
[11.20 above. I also recommend using the work “detoxification” as part of
your search).

1
I
1360 21 | 136 1 467
I
1
I
1
I

1
aD (o lv @@

1

T

pbR Heavy metal IspA Transposasc: sull 5"-partial
- - - Setoxificationprotein - - - - o oo ; ATPase

ISPpui2like transposon

Résolvase trbl

IV. Examining gene neighborhoods

The Fournier paper detailed a careful BLAST analysis that they performed to
determine where the genes in the resistance islands came from. PATRIC provides a
tool called the Compare Region View that can help to determine if a region has been
laterally transferred. You can find any gene of interest using the global search, but
[ also want to introduce you to a powerful function that PATRIC has in allowing you
to filter the feature table. Keep in mind that the global search is a more direct
approach, but try to learn how to use the feature table to get specific information
you are interested in.

1. In the global search box, enter the word AYE and hit return.

&= PAIRIC

2. In the Search results page, click on the genome name Acinetobacter baumannii
AYE
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AYE

Showing results for AYE

Features (8786)
hypothetical protein
Acinetobacter baumannii AYE

"| CDS | ABAYE1824 | ABAYE1824
monooxygenase
Acinetobacter baumannii AYE

"| CDS | ABAYE1825 | ABAYE1825
putative oxidoreductase
Acinetobacter baumannii AYE

U cps | ABAYE1827 | ABAYE1827

Genomes (2) '
Acinetobacter baumannii AYE

i 1 Chromosome | 4 Plasmids

| DISEASE: Nosocomial infections
COMMENT: Acinetobacter baumannii VEB.This bacteria is representative of nocosomial |
high-mortaility hospital epidemic that broke out in northern France. This strain is resiste]

3. This will take you to the landing page for the AYE genome.

Bacteria » Proteobacteria » Gammaproteobacteria » Pseudomonadales » Moraxellaceae » Acinetobacter » Acinetobacter baumannii AYE Downigadigenome datn

Genome Circular Feature Specialty Protein
M Phylogeny Browser Viewer Table Genes Pathways Families Transcriptomics  Interactions Diseases Literature

Search Tools Genome Summary

k<ld Genome Finder

Iid Feature Finder Summary Length: 4048735bp, Chromosomes: 1, Plasmids: 4, Contigs: 0
Comparative Pathway Tool Genome ID 509173.8
protein Fami\y Sorter Organism Info Genome Status Complete
Antimicrobial Resistance
Recent PubMed Articles Collection Date
Isolate Info
Isolation Count
+ 2014 Aug 26 hild
Whole-genome sequence analysis of Host Info Host Name
the naturally competent
Acdinetobacter baumannii clinical Sequence Info Sequencing Status unfinished
isolate A118. . 3
Traglia GM et al Phenotype Info Disease Nosocomial infections

4. Click on the 5t tab over, the Features Tab.

Genome Circular Feature

Ll Phylogeny g cer Viewer Table

5. This will show you all the genes in the genome.

Download genome data »

Bacteria ' P + Pse . . Aci ii AYE 5
Genome Circular Feature Speciaty Protein
Ovenview  Phylogeny (ST e Table et Pathways | O00  Transcriptomics Inteactions  Diseases  Lterature

Feature tables contain all of the identified features for all of the genomes in a particular genus. Tables may be refined to show subsets of features via various user controls, as described in Feature Table FAQs.

Feaure Type: | DS *| Annotation: PATRIC ¥ Xeyword:
3712 features found
Workspace View Download Tools Columns
I:B Add Fesure(s) B FasTA nrm. G2 Teble - Eﬁmmw Summary [ Multiple Seq Alignment. pe ShowiHide - Defauk
¥ FASTA Protein ¥ FASTA - " MAPDDsto.. -

PATRIC ID RefSeq Locus Tag At Locus Tag ~ Gene Symbol Product Description
igl509173.8.080.3712 ABAYE3203 VBIACIBaUGORR] 3712 pmH LSU ribosomal protein L34p
£1509173.6.000.3711 ABAYE3902 VBIACIBaU69681 3711 mpA Ribonucease P protein component (EC 3.1.26.5)
191509173.8.009.3710 ABAYE3S0] VBIACiBoU69881 3710 Protein YidD
figl509173.8.080,3709 ABAYE3300 VBIACiBauGo881 3709 oxal Inner membrane protein translocase component YiC, long form
ig]509173.8.peq.3708 ABAYE3899 VBIACIBaUG9881 3708 trmE GTPase and tRNA-U34 5-formylation enzyme Trmg
£g]509173.8.000.307 ABAYE3SO8 ! 707 protein Yai in In
1i9150173.8,029.3706 ABAYEIR97 VBIACIBoUG98B1 3706 Cobalt:zinc-cadmium resistance protein CzcD
£1509173.8.000.3705 ABAYE3895 VBIACIBoUG8B] 3705 Mobile element protein
ig1509173.8.pe9.3704 VBIACBauE9881 3704 Cardiolipin synthetase (EC 2.7.8.-)
1ig]509173.8.peq 3703 VBIACIBau69881 3703 Cardiolipin synthetase (EC 2.7.8-)
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6. Look at the filter mechanism across the top of this table.

Feature Type: cps ¥ Annotation: PATRIC ¥ Keyword:

7. Enter your gene of interest into the keyword search (I used “aphE”) and click on
the Filter Table button

8. This will filter the table to show the locus tags and information associated with
aphE for this genome.

1 features found
Workspace View Download Tools Columns
= FASTA DNA = Table - Pathway Summary & Multiple Seq Alignment
5 Add Feature(s) 8’ A pathway Summary TR oy Showkide  Defaut
oI FASTA Protein P FASTA ~ "4 MAPDDsto.. - -
[[] PATRICID RefSeq Locus Tag Alt Locus Tag Gene Symbol FIGfam ID Product Description
[7] figl509173.8.peq.3478 ABAYE3648 VBIACiBau69881 3478 aphE FIGO0034170  Aminoglycoside 3'-phosphotransferase (EC 2.7.1.95)

9. Any of the three locus tags can be clicked to take you to the information on that
gene. Click on any one of these (they are blue and underlined).

PATRIC ID RefSeq Locus Tag Alt Locus Tag

fig|509173.8.peg.3478 ABAYE3648 VBIAciBaub9881 3478

10. This will open up the gene-landing page for the aphE gene.

Bacteria » Pr ia * pi ia » Pset nadales » | * Acil » Acinetobacter baumannii AYE »
fig| 509173.8.peg.3478 | ABAYE3648 | VBIAciBau69881_3478 | aphE | Amii ide 3 (EC 2.7.1.95)
Compare
Genome . N . Correlated
Browser C_eg\ jon Pathways ~ Transcriptomics Interactions Genes Literature
iewer
Add PATRIC Feature to Workspace Gene ID PATRIC ID: fig|509173.8.peg.3478 RefSeq: ABAYE3648 Alt Locus Tag: VBIAciBau69881_3478
View NT Sequence Pratein ID RefSeq: YP 001715376.1  UnitProt: BOVCG7 23 IDs are mapped aphE
View AA Sequence
-
External Tools oS
The SEED Viewer
Annotation  Locus Ta Start End NT AR Product
NCBI CDD Search 9 Length | Length
STRING: Protein-Protein Interactions PATRIC VBIACIBau69881_3478 3679656 3680489 834 277 Aminoglycoside 3'-phosphotransferase (EC 2.7.1.95)
STITCH: Chemical-Protein Interactions streptomycin 3'-kinase (streptomycin
RefSeq ABAYE3648 3679656 3680492 837 278  3"-phosphotransferase) (streptomycin
Recent PubMed Articles 6-phosphotransferase) (streptomycin 6-kinase)
No pubmed record is available. Functional Properries
Please try PMC or Google Scholar
oy 9 GO Assignments
EC EC:2.7.1.95 in kinase
FIGfam Assignments FIG00034170

11. To examine the gene neighborhood, click on the 3rd tab at the top of the page
(Compare Region Viewer).

Compare
Overview gf&i;‘: Region
Viewer
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12. This will show you the gene neighborhood around your gene of interest, and
also show you the genomes that have similar neighborhoods. Look at the
screenshot below. The two top hits are for Acinetobacter baumannii genomes, but
the next three are for Salmonella genomes. As there are currently 1025 A.
baumannii genomes in PATRIC, you would expect that if this were common to this
species, the image would contain only genomes from this species. AYE3648
corresponds to the gene identified as strA in the Fournier paper. That gene is one
that they identified as having the best BLAST match with Salmonella sp.

0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000 5,500 6,000 6,500 7,000 7,500 8,000 8,500 9,000 9,500

Q Q Q@)\ gI509173.8.p09.3478 | + |19/509173.8.peg.3478:1..10000 (10 Kb) Go | &

i 1,250 2,500 3,750 5,000 6,250 7,500 8,750

- ——
Acinetobacter baumannii AYE -

T ——] L
Acinetobacter baumannii AB5075 N —— ~E—— il

- . — ————— — — m—
Salmonella enterica subsp. enterica serovar Schwarzengrund str. = - - I~ . -

ffl_Tf’,"EI islentexea subsp_._e_r:tfr:ta serovar Kentnckyrs—t_r:iVM 2188 Loading Loading Loading Loading Loading

- < — — -
Salmonella enterica subsp. enterica serovar Heidelberg str. SL476 ~ — S —

Assignment
e Open up the feature tables for both the AYE and SDF genomes.
¢ Identify the genes that correspond to the two islands described by
Fournier et al. (see the figures above in the description).
e Using Command Click, go to the gene-landing page for each of the
genes and look at the Compare Region View. Which genes appear to
match the best BLAST hits that Fournier et al described?

V. Discovering antibiotic resistance genes from other genomes
using homology

1. Enter the name Acinetobacter baumannii into the global search box and hit
return.

&= PAIRIC

Acinetobacter baumannii| Q

2. This will take you to the search results page. Scroll down until you see the
Taxonomy section. Click on Acinetobacter baumannii (species).
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I et _

Showing results for Acinetobacter baumannii

Features (7351853)
49124..49331
Acinetobacter baumannii

! misc_binding
63665..64035
Acinetobacter baumannii

! misc_feature
42046..42133
Acinetobacter baumannii

'/ misc_binding

Genomes (1066)

Acinetobacter baumannii W6976
§ | 459 Contigs

| SEQUENCED: 2012-02-21 (University of Birming
COMMENT: -

Acinetobacter baumannii W7282
118 Contigs

| SEQUENCED: 2012-02-21 (University of Birming
COMMENT: -

Acinetobacter baumannii 1605
127 Contigs

| SEQUENCED: 2013-07-26 (JCVI)
COMMENT: Isolate 1605

Taxonomy (1056)

Acinetobacter baumannii (species)
| 1025 Genome(s)

Acinetobacter baumannii VEB (nc rank)
i_T_i | 0 Genome(s)

3. This will take you to the landing page for the A. baumannii species.

3 . = 5 : m Data Overview Tatorial »
Bacteria + Protecbacteria * Gammaproteobacteria * Pseudomonadales * Moraxellaceae * Acinetobacter * Acinetobacter baumannii = Download genome data »

Taconomy  Phylogeny ~ GeTOme  Feafwre  Spedalty POt potpays  Transariptomics Intections  Diseases  Literature

X u
Search Tools Taxonomy Summa
k5l3 Genome Finder Taxonomy 1D 470

{i# Feature Finder cellular organisms > Bacteria > Proteobacteria > Gammaproteobacteria > Pseudomonadales > Moraxellaceae >

) Lineage Acinetobacter > Acinetobacter calcoaceticus/baumannii complex > Acinetobacter baumannii
Comparative Pathway Tool
External Links Immune Epi 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 (1004), Complete (21)

Transcriptomics from GEO 49 Reference Genome Representative (1)

Transcriptomics from 2 Antimicrobial Resistance Susceptible (13), Resistant (5), show all 19 genomes
ArrayExpress =

Antimicrobial Resistance
crobl Comment (14), AMR Panel (2)

Proteomics from PRIDE 0 Evidence
Structure from NCBI 122 Isolation Country USA (741), China (63), show all 895 genomes
Protein Protein Interaction from Host Name Human, Homo sapiens (979), Body louse, Pediculus humanus (1), show all 982 genomes
IntAct 0 Disease Nosocomial infections (23), Pneumonia (10), show all 34 genomes
LEE Collection Date 2007 (51), 2008 (37), show all 411 genomes
Recent PubMed Articles Completion Date 2014 (771), 2013 (118), show all 1018 genomes

View all genomes and summary terms »

ANAE Yo 4T

4. Click on the 6t tab at the top of the page, Specialty Genes.

Genome Feature Specialty
List Table Genes

Taxonomy  Phylogeny
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5. This will take you to the Specialty Gene landing page for that species. There is a

filter on the left-hand side, and a table showing the results on the right.

Specialty

Genome Feature Protein

Overview ~ Taxonomy  Phylogeny Lt Table Coes Familes | Patiways  Transtriptomics  Interactions  Diseases  Literature
For this taxonomy/genome level, the list below provides Specialty Genes, i.e. genes that are of particular interest to the infectious disease researches, such as virulence factors, antibiotic resistance genes, drug targets, and human hg
Genes with the i ion "Li in the field have been experimentally verified. Those with Evidence designated as "BLASTP" are i based on For more details, s¢
Specialty Genes FAQs.
Filter By <«/| Specialty Genes
Clear Al 138352 records found
Property (138249) Workspace View Download Tools Columns Hel
[] Human Homolag (58984) e B FASTADNA [E] Teble - | ¥ Pathway Summary |%% Multiple Seq Alignment
[] Antibiotic Resistance (57745) L@ REIRECE) of FASTA Protein 5] FASTA - " MAPIDSWL. - @ Showtide = Default @ patl
[] Drug Target (13387)
[&] Vi"“'e"‘e fm"' (8133) Evidence Property Source  Genome Name ~ PATRIC ID RefSeq Loc Alt Locus Tag SourceID  Gene Product Pubmed  Identity
solufm:i::?:égm 1 slaste Human Homolog Human  Adnetobacter bauma...  fig|1439316.7.0eg.21 AE30 0... XP_005. ‘S-formylglutathione .. 50
[7] CARD (49681) 1 slaste Drug Target DrugBank Acinetobacter bauma... ~ fig|1439316.7.0e9.36  AE30 0... 6884 Glutaryl-CoA dehydr... 80
[] DrugBank (11706) [[]  BLASTP Human Homolog Human  Acnetobacter bauma...  fig|1439316.7.peg.36  AE30 0... NP_000... Glutaryl-CoA dehydr... 64
] ARDB (8064) 1 BlAsTP Human Homelog Human  Adnetobacter bauma...  fig|1439316.7.0e0.83  AE30 0... NP_077... NADH-ubiquinone ox... 52
; Xg‘;:ﬁ(;gf_::) 1 BlasTp Drug Target DrugBank Acinetobacter bauma... ~fiq|1439316.7.0eq.188  AE30 0... 308 SSU ribosomal protei.. 84
7 TID (1681) [C]  BLASTP  Antibiotic Resistance ~ CARD  Acinetobacter bauma... fiq|1439316.7.0e9.191 AE30 0. NC_002... Translation elongatio... 82
7] PATRIC_VF (20) 1 slasTe Drug Target DrugBank  Acinetobacter bauma... ~fig|1439316.7.0e.191 AE30 0... 339 Translation elongatio... 85
Evidence (138352) ] BLASTP Human Homolog Human  Acinetobacter bauma... fig|1439316.7.0eq.191 AE30 0... NP_003... Translation elongatio... 55
] sLste (:,27259_)‘ 71 BlasTp Drug Target TID  Adnetobacter bauma... fi|1439316.7.0eq.191 AE30 0... TTDNCO. Translation elongatio... 85
B Literature (11083) [[1  BlasTP Virulence Factor Victors bauma... fig|1439316.7.0eq.191 AE30 0... 2985 Translation elongatio...  PubMed 80
Filter BLAST Hits by: ] BLASTP Virulence Factor VEDB  Acinetobacter bauma... fig|1439316.7.0e9.222 AE30 0... VFG1223 Twitching motility pr... 84
Source organism [ BLASTP  Antibiotic Resistance ~ CARD  Acinetobacter bauma... fiq|1439316.7.0e9.233 AE30 0. NC_010 Membrane fusion co... 100
© Same Genome [l BLASTP  Antibiotic Resistance CARD bauma.. fig|1439316.7.0e9.234 AE30 0.. NC_010. Inner membrane co... 100
© same Species 1 BlAsTP Human Homolog Human  Adnetobacter bauma... fiq|1439316.7.0e9.269 AE30 0... NP_000 Betaine aldehyde de... 54
© same Genus ] BLASTP Human Homolog Human  Adinetobacter baum: fig|1439316.7.069.279 AE30 0... XP_006. FKBP-type peptidyl-p... 52
@Al [[]  BLastp Human Hormolog Human bauma.. fig|1439316.7.069.314 AE30 0. NP_000. S-methyltetrahydrofo... 53
% Query Coverage >= |0 2| ] BLASTP  AntiioticResistance ~ CARD  Acinetobacter bauma... fia1439316.7.0ea.351 AE30 0. NC_011. Transcriptional regul... 100
% Subject Coverage >= |0 |5 | (] BuASTP Drug Target DrugBank  Acinetobacter bauma... ~fiq|1439316.7.0e9.490 AE30 0... 3194 Argininosuccinate sy.. 80
%4 Ldentity »= " B [C] BlasTp Virulence Factor Victors ~ Acinetobacter bauma...  fia|1439316.7.0e9.490 AE30 0. 4053 Argininosuccinate sy...  PubMed 8
[T]  BLASTP  Antibiotic Resistance ~ CARD  Acinetobacter bauma... ~fig|1439316.7.0e9.519 AE30 0. GU3719. Mabile element protein 98

6. To find the genes that have homology to antibiotic resistance genes that have
been identified, click on the text box in the filter that is in front of “Antibiotic
Resistance.”

Filter By « Specialty Genes
Clear Al 57745 records found

Property (138249) Workspace
clear
[ Human Homolog (58984) L) Add Feature(s)

[V] Antibictic Resistance (57745)
’— Drug Target (13387) Evidence Prd
[ Virulence Factor (8133) ;

Source (57745) []  BLAsTP Antibioti
I CARD (49681) 7] BLASTP  Antibioti
[7] ARDB (8064) [[]  BLASTP  Antibioti

Evidence (57745) ] BLASTP Antibiotid

BLASTP (52793) :
B & (52793) [[] BLASTP  Antibioti

[ Literature (4952) i
[]  BLaAsTP Antibioti

7. PATRIC has several sources of data for specialty genes. For antibiotic resistance
genes we include genes from the Comprehensive Antibiotic Resistance Database
(CARD)[5] and from the Antibiotic Resistance Database (ARDB)[6]. Click on the text
box in the filter that is in front of word “CARD.”
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Filter By «

Clear All

Property (49681)

clear

[¥] Antibiotic Resistance (49681)
Source (57745)

clear

[V] CARD (49681)

[] ARDB (8064)
Evidence (49681)

[ BLASTP (45516)

[ Literature (4165)

Specialty Genes
49681 records found

Workspace View
gy A FASTA DNA
Add Feature(s) )
o FASTA Protein
Evidence Property
[]  eLastP Antibiotic Resistance
[]  BLasTP Antibiotic Resistance
[[]  BLASTP  Antibictic Resistance
[[]  BLASTP Antibictic Resistance

8. You can also filter on genes that have experimental evidence that has been
published, as opposed to BLAST-only homology. Click on the text box in front of the
word “Literature” to see genes that have experimental evidence.

Filter By «

Clear All

Property (1410)
clear
[¥] Antibiotic Resistance (1410)
Source (1832)
clear
[¥] CARD (1410)
[7] ARDB (422)
Evidence (15137)
clear
[7] BLASTP (13727)
[V] Literature (1410)

8. You can also filter genes by the BLAST scores. Scroll down to the bottom of the
filter box where you will see additional filters

Filter BLAST Hits by:

Source organism
() Same Genome

(©) Same Species

() Same Genus
@ All
Pl
% Query Coverage >= 0 ~
% Subject Coverage >= |0 =
% Identity >= 0 S

9

. Using the arrows behind the numbers, change the values for % Query, % Subject
an

d % Identity to 100%.
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Filter BLAST Hits by:

Source organism
() Same Genome

() Same Species

(C) Same Genus

@ All
% Query Coverage >= 100
% Subject Coverage >= | 100

L AEARR AN 42

% Identity >= 100

Filter

10. Each of these filters will be reflected in the changing number at the top of the

table on the right.

Specialty Genes
1410 records found

11. The genes are reflected in the table.

13. This will sort the gene alphabetically by their product description.
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Specialty Genes
1410 records found
Workspace View Download Tools Columns Help
’:@ o Feature(s) 8» FASTA DNA ] Table ~ | A Pathway Summary |i Multiple Seq Alignment U G o men @ e T
oV FASTA Protein & FASTA b ‘. MAP IDs to... - O
Evidence Property Source  Genome Name PATRIC ID RefSeq Loc Alt Locus Tag Source ID  Gene Product Pubmed  Identity — E-value
] Lterature Antibiotic Resistance CARD Acinetobacter bauma. .. fig|470.593.peg.135 NC_011... Beta-lactamase 100 0
[T Literature  Antibiotic Resistance CARD Acinetobacter bauma...  figl470.593.peg.577 AF0246... Aminoglycoside 3'-ph... 100 0
7] Literature  Antibiotic Resistance CARD Acinetobacter bauma...  fig|470.593.peq.731 NC_011... putative DNA binding... 100 0
7] Literature  Antibiotic Resistance CARD Acinetobacter bauma...  fig|470.593.peg.1181 NC_011... Transcriptional regul... 100 0
"] Literature Antibiotic Resistance CARD Acinetobacter bauma...  fig|470.593.peq.1530 NC_011... Maltose O-acetyltran... 100 0
"] Literature Antibiotic Resistance CARD Acinetobacter bauma...  fig|470.593.peq.1819 NC_011... RND efflux system, ... 100 0
7] Literature Antibiotic Resistance CARD Acinetobacter bauma...  fig|470.593.peq.2094 NC_011... Topoisomerase IV su... 100 0
7] Literature Antibiotic Resistance CARD Acinetobacter bauma...  fig|470.593.peg.2239 NC_010... Membrane fusion co... 100 0
7] Literature  Antibiotic Resistance CARD Acinetobacter bauma...  fig|470.593.peq.2240 NC_010... Inner membrane co... 100 0
[T Lterature  Antibiotic Resistance CARD Acinetobacter bauma...  fig|470.593.peg.2341 NC_011... Transcriptional regul... 100 0
[T} Literature  Antibiotic Resistance CARD Acinetobacter bauma...  fig|470.593.peg.2372 NC_011... Chioramphenicol ace... 100 0
[7]  Literature  Antibiotic Resistance CARD Acinetobacter bauma...  fig|470.593.peq.3024 AY7309... Beta-lactamase 100 0
[ Literature Antibiotic Resistance CARD Acinetobacter bauma...  fig|470.593.peq.3487 NC_010... Ethidium bromide-m.. 100 0
] Lterature Antibiotic Resistance CARD Acinetobacter bauma...  fig]470.593.peg.3879 NC_011... DNA-directed RNA p.. 100 0
[T Literature Antibiotic Resistance CARD Acinetobacter bauma... fig|470.576.peg.74 NC_011... Beta-lactamase 100 0
[Tl Literature Antibiotic Resistance CARD bauma... fig|470.576.peq.82 NC_010... Spectinomycin 9-0-a... 100 0
[T} Literature  Antibiotic Resistance CARD Acinetobacter bauma... fig|470.576.0e9.85 NC_O11... Gentamicin 3'-N-acet... 100 0
7] Literature  Antibiotic Resistance CARD Acinetobacter bauma...  fig]470.576.peg.147 HQ4510... ribosomal RNA meth... 100 0
"] Literature Antibiotic Resistance CARD Acinetobacter bauma... fig|470.576.peq.216 NC_011... Transcriptional reguil... 100 0
|| Literature Antibiotic Resistance CARD Acinetobacter bauma... fig|470.576.peq.297 NC_010... Inner 0... 100 0
12. To sort the genes by name, click once on the Product column head.
Product ~
Beta-lartamase




Evidence Property Source  Genome Name PATRIC ID RefSeq Loct Alt Locus Tag Source ID Gene Product
Literature Antibiotic Resistance CARD Acinetobacter b. fig|470.593.peq.577 AF02460... Aminoglycoside 3'-ph...
| Literature Antibiotic Resistance CARD Acinetobacter b. fig|470.771.peq.3386 X13542.... Aminoglycoside N(3')-...
Literature Antibiotic Resistance CARD Acinetobacter b...  fig|1449755.3.peq.31... NC_011... Beta-lactamase
] Literature Antibiotic Resistance CARD Acinetobacter b...  fig|1449755.3.069.37... NC_011.. Beta-lactamase
Literature Antibiotic Resistance CARD b. fig|1458921.3.peg.175 NC_011.. Beta-lactamase
] Literature Antibiotic Resistance CARD Acinetobacter b...  fig|1458921.3.peq.35... AY75090... Beta-lactamase
Literature Antibiotic Resistance CARD Acinetobacter b...  fig|1458926.3.peq.982 AY75090... Beta-lactamase
] Literature Antibiotic Resistance CARD Acinetobacter b...  fig|1458926.3.peq.23... NC_011... Beta-lactamase
Literature Antibiotic Resistance CARD b.. fig|14589. peq. NC_011.. Beta-lactamase
] Literature Antibiotic Resistance CARD Acinetobacter b...  fig|1458922.3.peqg.26... AY75090... Beta-lactamase
Literature Antibiotic Resistance CARD Acinetobacter b...  fig|1458925.3.peq.278 NC_011... Beta-lactamase
] Literature Antibiotic Resistance CARD Acinetobacter b...  fig|1458923.3.peg.132 NC_011... Beta-lactamase
Literature Antibiotic Resistance CARD Acinetobacter b...  fig|1458920.3.peq.12... NC_011... Beta-lactamase
] Literature Antibiotic Resistance CARD Acinetobacter b...  fig|1458920.3.pe9.28... AY75090... Beta-lactamase
Literature Antibiotic Resistance CARD b. fig|1458924.3.peg. 121 NC_011.. Beta-lactamase

14. You can use the filter on the left to sort for specific names. In the text box at the
top of the filter, enter the words “Beta lactamase” and hit return.

Filter By «

Beta Iactamas-e| Clear All

Property (1410)
clear
[¥] Antibiotic Resistance (1410)
Source (1832)
clear
[#] CARD (1410)
[] ARDB (422)
Evidence (15137)
clear
[] BLASTP (13727)
[¥/] Literature (1410)

15. The experimental evidence that validates Beta lactamase as being important in
antibiotic resistance could come from experiments that researchers have done on
different genomes, which would mean that the source of the experimental data
could come from different genes. To see the source of the evidence you will need to
expand the Source column head by grabbing the right side of the header and then
moving it to the right.

Source ID Source ID
NC_D11... NC_011586.7044972.p01
AY7509... AY¥750909.1.genel.p01
NC_D11... NC_011586.7044972.p01
AY7509... AY¥750909.1.genel.p01

16. Click on the Source ID column head to sort the results.

Source ID ~
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17. Resize the page to see all the genes with the Beta lactamase description. Enter
150 in the text box at the bottom of the table and hit return.

Show | 150

per page

16. You can see that there are several sources of the experimental evidence that

define Beta lactamase as being important in antibiotic resistance.

136 records found
Workspace View Download
R FASTA DNA =] Table
@) Add Feature(s) g, —
¥ FASTA Protein ¥ FASTA
Evidence Property Source  Genome Name
[T] Literat.. Antibiotic Resista..  CARD  Acinetobacter ba...
[T] Literat.. Antibiotic Resista.. ~ CARD  Acinetobacter ba...
[] Literat... Antibiotic Resista... RD  Adinetobacter ba..
[] Literat... Antibiotic Resista... RD  Acinetobacter ba...
] Literat.. Antibiotic Resista... RD  Acinetobacter ba...

Tools
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RefSeq Lc

AltLocusTag ~
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+ Show/Hide ~ Default
[+) d

Source ID «
AM279652.1.genel.p01
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AY750908.1.genel.p01
AY750909.1.genel.p01
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Gene

Product
Beta-lactamase
Beta-lactamase
Beta-lactamase
Beta-lactamase
Beta-lactamase

Help
@ PATRIC FAQs

Pubmed Identity E-value

100 0
100

100 0
100 0
100 0

17. Many of these genes have “AY750909.1.genel.p01” as the source. In the text
box, enter “AY750909.1.genel.p01” and hit return

Filter By

o e (DY

AY750909.1.genel.p01

&«

Clear All

18. This will show the genes that had AY750909.1.genel.p01 as the gene that had
the original evidence linking it to antibiotic resistance.

Filter By
AY750909.1.genel.p01
Property (53)

clear

Antibiotic Resistance (53)
Source (53

dear

CARD (53)
Evidence (277)

clear

[7] BLASTP (224)

Literature (53)

Filter BLAST Hits by:
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«| Specialty Genes
Clear All
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O]  Literature
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[T] Literature
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[ Literature
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53 records found

View
% FASTA DNA
¥ FASTA Protein

Property
Antibiatic Resistance
Antibiotic Resistance
Antibiotic Resistance
Antibiotic Resistance
Antibiotic Resistance
Antibiotic Resistance
Antibiotic Resistance
Antibiatic Resistance
Antibiotic Resistance
Antibiotic Resistance
Antibiotic Resistance
Antibiotic Resistance

&

2]

Source
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD

Download Tools
Table - K Pathway Summary i Multiple Seq
FASTA ~ *, MAPIDsto.. =
Genome Name PATRIC ID

Acinetobacter baumanni.

fig|470.587.peq.1135

Acinetobacter baumanni.
Acinetobacter baumanni...

Acinetobacter baumanni...

fig|470.601.peg.3580
fig1470.600.peq.2651
figl470.594.peq.2680

Acinetobacter baumanni...

Acinetobacter baumanni.

fig470.596.peq.2456
fig1470.597.peq.2895

Acinetobacter baumanni.

fiq|470.604.peq.1458

Acinetobacter baumanni.
Acinetobacter baumanni..
Acinetobacter baumanni...
Acinetobacter baumanni...

Acinetobacter baumanni...

19. Resize the table to see all the genes

Show |53

per page

ig]470.599.peq.3624
1iq]470.602.peq.3184
fig1470.581.peq.3119
fig470.583.peq.1465
fig1470.582 peq.1404

20. Let’s look at a multiple sequence alignment for these genes. To do this you must
first select all of them. Click in the box in the column head in front of the word
“Evidence.” This will select all the genes.
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Specialty Genes|
53 records fou

Evidence

==

21. Above the table in the box labeled “Tools” click “Multiple Sequence Alignment.”

Tools
&2 Multiple Seq Alignment |

H Pathway Summary
*% MAPIDsto.. ~

22. This will open a new window with the multiple sequence alignment from all the
genes that were selected. Included is a gene tree showing the relationships among
the genes selected on the left, and a multiple sequence alignment on the right.

Protein Alignment

No. of Members: 20 Min AA Length: 274 Printable Alignment For all 20 members
No. of Species: 20 Max AA Length: 274 Printable Tree For all 20 members (Newick File)

11 | Al 3 UALIRI
| A A If
: ,\_ Wl
\ \
B Vik ¥ Vilv's
‘ 5, 1 1 )28 ‘ ) © .8 .6
2 Adinetobacter_baumannil_2011LNAB3 MNIEALLL ITEAIFISACEPY I VEANP Al VEA L E A TG VLV | O Y oL
3 _%H% MNIBALLLITSAIFISACSPYIVIANP AlS viEA LFNEAMTTGVLVIQQGQT YGNDL
o A e MNIEALLLITSAIFISACSPYIVIANP AlS viEA LFNEABTTGVLVIQQGQT YGNDL
= L. MNIBALLLITSAIFISACSPYIVIANP Al viE A LENEABTTGVLYIQQGQT YGNDL
Ly L IBMALLL ITSATFISACSPYIVTANP Al vEA LFNBEAMTTOVLVIQQGQT YGNDL
& 2 = IRALLLITSAIFEISACSPYIVTIANT A v LENEAMTTGVLYVIQQGQT YGNDL
g i %&g”:gia IBALLLITSAIFISACSPYIVTANP v A LENEABTTGVLYI GQT YGNDL
L IBALLLITSAIFISACSPYIVTANS A v A LENBEAMTTOVLYIQQGQT YONDL
1°—“°."'~"°°°“"°“”"“““‘—°1‘3"‘53 IBALLLITSAIFISACSPYIVTANS A viEA LENBEABTTGVLVIQQGQT YONDL
11 i_2011LNABL IBMALLLITSAIFISACSPYIVTANP AS viE A LFNEABNTTOVLVIQQGQT YGNDL
12 |_2005LNABA4 IBALLLITSATIFISACSPYIVTANP AlS viK A LENEABTTGVLYIQQGQT YONDL
13 |_20048JAB13 IRALLLITSAIFISACSPYIVIANP AS Vi A LENEAMTTGVLYIQQGQT YONDL
14 = i_2011BJABS IBALLLITSAIFISACSPYIVTANP Al viEA LF ABBTTGVLV I GQT YG L
I L IBALLLITSAIFISACSPYIVTIANP AlS vEA LFNEABRTTOVLVIQQGQT YGNDL
¥ 4 L IRALLLITSAIFISACSPYIVTANP Al vi§A LENEAMTTGVLY IQQGQT YGNDL
175 i_199981AB11 IRALLLITSAIFISACSPYIVTANP Al Vil A LENEABTTGVLYVIQQGQT YGNDL
18/ z _2011LNAB2 IBALLLITSAIFISACSPYIVTANP AS viE A LENEAMTTGVLYIQQGQT YGNDL
%g- .-0{}3’0%4 IBALLLITSAIFISACSPYIVTANP AlS v A LF ABTTGVLVI GQT YG L
g a L IBALLLITSAIFISACSPYIVTANTP AlS viE A LENEABTTGVLYVIQQGQT YGNDL
21 _2011HNABL IRALLLITSAIFISACSPYIVTANS Al viliA LF AMTTGOVLV aQT YONDL
Assignment

e Use the filter on the Specialty Gene landing page for Acinetobacter
baumannii to find genes with lower Query coverage and check the
multiple sequence alignment for some that have the same product
description.

e Use the filter on the Specialty Gene landing page for Acinetobacter
baumannii to find genes with lower Subject coverage and check the
multiple sequence alignment for some that have the same product
description.

e Use the filter on the Specialty Gene landing page for Acinetobacter
baumannii to find genes with lower % Identity and check the multiple
sequence alignment for some that have the same product description

e What happens when you compare genes with the same product
description, but come from different sources?
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Extra Assignment: Exploring the Beta lactamase gene family.

Beta-lactam antibiotics are structurally related to penicillin, which inhibits synthesis
of the bacterial cell wall. Beta lactamase enzymes cleave the four-atom lactam ring,
rendering these antibiotics harmless to the bacteria. Researchers found that the
beta-lactamase OXA-23 gene in A. baumannii was flanked by insertion sequences,
suggesting acquisition by horizontal transfer[7].

Using what you have learned above, please explore the Beta lactamases from A.
baumannii in the following ways:
e How many different genes act as the source for the Beta lactamase genes
you see in the Specialty Genes page for A. baumannii?
e Using the multiple sequence alignment and the gene tree tools, explore
which alignments map to the specific Source ID genes.
e Using the genes in the Source ID, can you tell many Beta lactamase genes
each of the genomes have?
¢ When you look at the genomes that result from filtering the Specialty
Gene page data as described above, you will not see the A. baumannii AYE
genome. Does the AYE
genome have any genes that
have the words “Beta R fi-lactam ring R
lactamase” in the functional © °

Penicillin Resistance

. . HN HM
description? How many? rs p-lactamase ; ]/5
e Ifyouare able to find Beta VALl vt b o—\OHHN "ty
] o anicillin to disabla tha
laCtamase genes n the AYE CO0- :mlecule, Bacteria with this Coo-
i 1
genomes, generate an Penicillin E?Z'ﬂuinﬁﬁ."a'ﬁi'ibflf’ *® " Ppenicilloic acid

f-lactam antibiotics.

alignment with those genes
and the genes you saw on the Specialty Gene page (Hint: You will have to
add genes to different groups when you are in your Workspace). Do any
of the AYE genes have strong homology to any of the genes we saw and
built alignments for previously?

e Using the Compare Region Viewer and/or the Genome Browser, choose
some of these Beta lactamase genes and see if they are flanked by
insertion sequences (transposases or mobile elements).
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