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1 Abbreviations

1 Abbreviations

Table 1.1 Main terms used within the text.

Abbreviation Meaning

"AMR" Antimicrobial resistance
"ARG" Antibiotic resistance gene
"DB" Data Base
"NGS" Next-Generation Sequencing
"WGS" Whole-Genome Sequencing
"MSA" Multiple-sequence alignment
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2 Introduction

2 Introduction

2.1 AMR context

AMR constitutes a serious global threat to public health that is mainly caused by the extens-
ive prescription of antibiotics in human diseases and agriculture. It has been estimated
that ∼ 10 million deaths per year might be reached toward 2050 (O’Neill 2016). The arise
of pathogenic super-resistant “bugs” elsewhere supposes the acquisition of ARG genes by
—primarily— new gene exchange mechanisms among unrelated microbial taxa. This fact
clearly indicates the demand of novel analytical methods, based on NGS techniques, for
surveilling and further analysing AMR. Particularly, whole-genome sequencing (WGS)
and whole-metagenome sequencing (WMS) approaches have demonstrated enormous
capabilities of epidemiological surveillance, outbreak detection, and infection control of
bacterial pathogens (Didelot et al. 2012). Uncommon AMR phenotypic pro�les have led to
the discovery of distinct genetic AMR determinants when inspecting peculiar harmful
pathogens at genomic level. Nowadays, the resistome profiling analysis refers
to the discovery of AMR determinants —along with their additional classi�cation and
quanti�cation— of an assortment of genomesa. According to the type of sequence data
that can be handled, two main methods are the basis of current tools for performing
the resistome profiling examination: read-based and assembly-based methods.
Considering read-based approaches, the following tools are distinguished: SRST2 (In-
ouye et al. 2014), KmerResistance (Clausen et al. 2016), Mykrobe predictor (Bradley et al.
2015), ARIBA (Hunt et al. 2017), SEAR (Rowe et al. 2015), SSTAR (Man and Limbago
2016), PATRIC (Antonopoulos et al. 2017), GROOT (Rowe and Winn 2018) and DeepARG
(Arango-Argoty et al. 2018). Regarding assembly-based approaches, the following imple-
mentations have been proposed: ResFinder (Zankari et al. 2012), ARG-ANNOT (Gupta
et al. 2014) –already archived–, RAST (Davis et al. 2016), RGI (Jia et al. 2016), PointFinder
(Zankari et al. 2017), ARGs-OAP (Yin et al. 2018) and NCBI-AMRFinder (Feldgarden et al.
2019).

Here a novel assembly-based method called sraX (systematic resistome analysis) is
presented for evincing AMR determinants through a genomics pro�ling analysis. It has
been devised as a fully automated tool that performs a serie of catenated steps which
are executed with a single primary command. In contrast to existing approaches, sraX
has unique and noteworthy built-in features, like: genomic context and SNP analysis,
complete graphical output and integration of results into a single hyperlinked HTML
�le. Furthermore, sraX has been devised for running on desktop computer systems,

agenerally in the sense of a microbial community
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3 Installation

under limited RAM and processing resources. In summary, sraX constitutes a simple and
straightforward method, envisaging that inexperienced users without any technical or
bioinformatic knowledge would run and deploy it. sraX operates as a standalone tool and
it can be installed from source code –available at https://github.com/lgpdevtools/srax–
or as a docker image –available at https://hub.docker.com/r/lgpdevtools/srax–.

2.2 Implementation

sraX is proposed as a single-command tool for performing a complete resistome pro�ling
analysis of assembled genomes (see Figure 2.1 for a schematic work�ow). sraX comprises
several automated –and catenated– steps, which are modularized to achieve a greater
computational e�ciency and for acquiring more interpretable and graphical results. sraX
accomplishes the following tasks:

• Creation and compilation of a local AMR database (DB) using public or proprietary
repositories.

• Accurate identi�cation of AMR determinants (ARGs or SNPs presence) in a non-
redundant manner

• Detection of putative new variants through the SNP analysis

• Calculation and graphical representation of drug classes and type of mutated loci

• In-depth gene context exploration

The results are presented in fully navigable HTML-formatted �les with embedded plots
of previously mentioned analysis.

3 Installation

3.1 Dependencies

1. Though sraX is fully written in Perl and should work with any OS, it has only been
tested with a 64-bit Linux distribution. Finally, for large amounts of sequence data
(>= 100 genomes) is important to consider the processing capacity of the employed
computer in terms of number of CPUs and RAM memory (see Figure 4.1 for an
operational reference).

2. Perl version 5.26.x or higher. You can verify on your own computer by typing the
following command in the bash terminal:
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Figure 2.1 Starting steps of sraX resistome analysis (§2.2).

perl -h

The latest version of Perl can be obtained from the o�cial website. Consult the
installation guide.

The following Perl libraries are also required and can be installed using CPAN:

• LWP::Simple

• Data::Dumper

• JSON

• File::Slurp

• FindBin

• Cwd

3. Third-party software:

• BLAST+ v2.10.0 (Altschul et al. 1990)

• DIAMOND v0.9.29 (Buch�nk et al. 2015)

• MUSCLE v3.8.31 (Edgar 2004)

• CLUSTAL Ω v1.2.4 (Sievers et al. 2011)

• MAFFT v7.450 (Katoh et al. 2002)

• R v.3.6.1 (R Core Team 2018)
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3 Installation

Besides, we must install the subsequent packages belonging from R:

• dplyr

• ggplot2

• gridExtra

NOTE: The bash script “install_srax.sh” is provided, in order to con�rm the existence
of these dependencies in your computer. If any of them would be missing, the bash
script will guide you for a proper installation.

3.2 Installation

To successfully install sraX, please see the details provided below. If you encounter an
issue during the process, please contact your local system administrator. If you encounter
a bug please log it here or email me at mailto:lgpanunzi@gmail.com.

3.2.1 (Bio) conda packages

The conda or bioconda packages constitute straightforward deployment instances. In
order to list the available sraX versions, run the following command:

anaconda search -t conda srax

Afterwards, for accomplishing the deployment in your local computer, any of the follow-
ing commands should be run:

conda install -c bioconda srax

or (generally the latest version):

conda install -c lgpdevtools srax

3.2.2 Docker image file

Type the following command in the bash terminal for obtaining the Docker image �le
(see Figure 3.1):

sudo docker pull lgpdevtools/srax

If everything has gone well, your computer should looks like Figure 3.2.

In order to check the appropriate running state of the image �le:
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4 Usage

Figure 3.1 Start of pulling the dedicated Docker image �le (§3.2.2).

Figure 3.2 End of pulling the Docker image �le (§3.2.2).

sudo docker run -it lgpdevtools/srax -v

sudo docker run -it lgpdevtools/srax

3.2.3 Bash script

Open a bash terminal and clone the repository:

git clone https://github.com/lgpdevtools/sraX.git

To verify the existence of required dependencies and ultimately install the perl modules
composing sraX, inside the cloned repository run:

sudo bash install_srax.sh

4 Usage

sraX e�ectively operates as one-step application. It means that just a single command is
required to obtain the totality of results and their visualization.

NOTE: For a detailed explanation and examples from real datasets, please follow the
Tutorial.
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4 Usage

4.1 Main parameters

-i|input Input directory [/path/to/input_dir] containing the input �le(s), which must
be in FASTA format and consisting of individual assembled genome se-
quences.

-o|output Output directory to store obtained results [/path/to/output_dir]. Default:
‘input_sraX_id_aln_cov_seqal’

Example:

Input directory (-i): ’Test’

Options: -id 85; -c 95; -p dblastx

Output directory (-o): ‘Test_sraX_85_95_dblastx’

-s|seqal The preferred algorithm for aligning the assembled genome(s) to a locally
compiled AMR DB. The possible choices are: ’dblastx’ (DIAMOND blastx)
or ’blastx’ (NCBI blastx). In any case, the process is parallelized (up to 100
genome �les are run simultaneously) for reducing computing times. [string]
Default: dblastx

-a|msa The preferred algorithm for producing the alignment of clustered homolog-
ous sequences (multiple-sequence �les). The possible choices are: ’muscle’,
’clustalo’ or ’ma�t’. [string] Default: muscle

-e|eval Minimum evalue cut-o� to �lter false positives. [number] Default: 1e-05

-id Minimum identity cut-o� to �lter false positives. [number] Default: 85

-c|aln_cov Minimum length of the query which must align to the reference sequence.
[number] Default: 60

-db|dbsearch The level of the ARG search, on account of the number and type of em-
ployed AMR DB. The possible choices are: ’basic’ or ’ext’. The ’basic’ option
only applies ’CARD’, while the ’ext’ option utilizes as well the ’ARGminer’
(compilation of multiple AMR DBs) and ’BACMET’ (biocides and metal
resistance) repositories. [string] Default: basic

-u|user_sq Customary AMR DB provided by the user. The sequences must be in
FASTA format.

-t|threads Number of threads when running sraX. [number] Default: 6

-h|help Displays this help information and exits.
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4 Usage

-v|version Displays version information and exits.

-d|debug Verbose output (for debugging).

4.2 Command line

Basic usage:

sraX -i [/path/to/input_genome_directory]

Extended options:

sraX -a mafft -s blastx -db ext -id 95 -c 90 -t 12 -d -o [/path/

to/output_results_directory] -i [/path/to/

input_genome_directory]

Using the Docker image �le, you have to run the following commands:

sudo docker run --rm -v /path/to/input_genome_directory:/IN \

lgpdevtools/srax -i IN

sudo docker run --rm -v /path/to/input_genome_directory:/IN \

-v /path/to/output_results_directory:/OUT \

lgpdevtools/srax -i IN -o OUT -a mafft -s blastx -db ext -id 95 -

c 90 -t 12 -d

4.3 Performance

We tested the sraX’s performance based on the calculation of walltime and memory
consumption during the resistome analysis. We randomly sampled an increasing amount
of sequence data (100-genome intervals up to 1000 genomes) and performed 5 replicates
on each measured interval (see Figure 4.1). These sequence �les were selected from a set
composed of 5000 Klebsiella pneumoniae distinct genomes (genome size ≈ 5.5 Mbp). Our
results indicated a linear scale of running time (≈ 12.5 min) and memory consumption (≈
250 MB) with the processing of every 100-genome interval. Each test was independently
performed on a desktop computer Intel R Xeon R W-2104 processor (4-core, 3.20GHz)
with 32GB RAM.
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Figure 4.1 sraX performance: running time and RAM consumption (§3.1 & §4.3).

4.4 Real data examples

4.4.1 Define the working environment

The �rst task is to de�ne our working directoryb and create the required sub-directories
in order to proceed with the analysis.

cd ~/Desktop/

mkdir -p SRAX_analysis/dataset1

mkdir SRAX_analysis/dataset2

mkdir SRAX_analysis/dataset3

mkdir SRAX_analysis/dataset4

mkdir SRAX_analysis/dataset5

mkdir SRAX_analysis/userdb

4.4.2 Download genome data

We are going to download from the NCBI public repository three di�erent genome
datasets that have already been analyzed and further published. Since the genome �les
cannot be obtained by running a terminal bash command (like “wget”), we need to click
separately on each of the following links:

bThe [/absolute_path/to/working_dir] could be, like in this example, “∼/Desktop/”.
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4 Usage

Figure 4.2 Procedure for downloading the genome assemblies of each dataset.

1. Data-set 1: 51 genomes belonging to commensal AMR strains of Escherichia
coli (Moran et al. 2017).

2. Data-set 2: 76 genomes belonging to multi-drug AMR strains of Escherichia
coli from farm isolates (Tyson et al. 2015).

3. Data-set 3: 133 genomes belonging to AMR strains of Shigella sonnei with
di�erent antibiotic resistance patterns (Holt et al. 2013).

4. Data-set 4: 390 genomes belonging to AMR strains of Pseudomonas aeruginosa
with di�erent antibiotic resistance patterns (Kos et al. 2015).

5. Data-set 5: 616 genomes belonging to AMR strains of Streptococcus pneumo-
niae with di�erent antibiotic resistance patterns (Croucher et al. 2015).

Afterwards, we have to click on the “Download Assemblies” �eld in order to select the
“Refseq” and “Genomic FASTA” parameters from the “Source database” and “File
Type” �elds. Your computer screen should looks like Figure 4.2.

A single compressed �le (genome_assemblies.tar) is downloaded from each data-
set. Therefore, each genome data has to be extracted in the right directory. Next, according
to the selected dataset, the following recurrent steps should be accomplished. For example,
if we would like to start with Data-set 1 (§1), we have to run these commands:

tar -xvf genome_assemblies.tar -C SRAX_analysis/dataset1/

rm genome_assemblies.tar

gunzip SRAX_analysis/dataset1/ncbi-genomes-yyyy-mm-dd/*.gz

mv SRAX_analysis/dataset1/ncbi-genomes-yyyy-mm-dd/*.fna\

SRAX_analysis/dataset1/
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4 Usage

rm -r SRAX_analysis/dataset1/ncbi-genomes-yyyy-mm-dd

rm SRAX_analysis/dataset1/*.txt

Where ncbi-genomes-yyyy-mm-dd is a subfolder containing the genome FASTA
�les that is automatically generated by NCBI. The yyyy-mm-dd c information represents
the actual date the genome_assemblies.tar �le was retrieved.

NOTE: Alternatively, these datasets we can be downloaded from the following Zenodo
repository (Panunzi 2019):

Therefore, if we prefer this option, we need to place each dataset on their corresponding
folder. In consequence, before performing the sraX analysis, we should run the following
commands:

Data-set(1)

wget -O SRAX_analysis/ds1.tar.gz \

https://zenodo.org/record/3571224/files/

Escherichia_coli_commensal.tar.gz?download=1

tar -xvf SRAX_analysis/ds1.tar.gz -C SRAX_analysis/dataset1/

mv SRAX_analysis/dataset1/Escherichia_coli_commensal_51/*

SRAX_analysis/dataset1/

rmdir SRAX_analysis/dataset1/Escherichia_coli_commensal_51

rm SRAX_analysis/ds1.tar.gz

Data-set(2)

wget -O SRAX_analysis/ds2.tar.gz \

https://zenodo.org/record/3571224/files/Escherichia_coli.tar.gz?

download=1

tar -xvf SRAX_analysis/ds2.tar.gz -C SRAX_analysis/dataset2/

mv SRAX_analysis/dataset2/Escherichia_coli/* SRAX_analysis/

dataset2/

rmdir SRAX_analysis/dataset2/Escherichia_coli

rm SRAX_analysis/ds2.tar.gz

Data-set(3)

wget -O SRAX_analysis/ds3.tar.gz \

https://zenodo.org/record/3571224/files/Shigella_sonnei.tar.gz?

download=1

tar -xvf SRAX_analysis/ds3.tar.gz -C SRAX_analysis/dataset3/

cIn the format of YEAR (4 digits), MONTH (2 digits) and DAY (2 digits)
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mv SRAX_analysis/dataset3/Shigella_sonnei/* SRAX_analysis/

dataset3/

rmdir SRAX_analysis/dataset3/Shigella_sonnei

rm SRAX_analysis/ds3.tar.gz

Data-set(4)

wget -O SRAX_analysis/ds4.tar.gz \

https://zenodo.org/record/3571224/files/Pseudomonas_aeruginosa.

tar.gz?download=1

tar -xvf SRAX_analysis/ds4.tar.gz -C SRAX_analysis/dataset4/

mv SRAX_analysis/dataset4/Pseudomonas_aeruginosa/* SRAX_analysis/

dataset4/

rmdir SRAX_analysis/dataset4/Pseudomonas_aeruginosa

rm SRAX_analysis/ds4.tar.gz

Data-set(5)

wget -O SRAX_analysis/ds5.tar.gz \

https://zenodo.org/record/3571224/files/Streptococcus_pneumoniae.

tar.gz?download=1

tar -xvf SRAX_analysis/ds5.tar.gz -C SRAX_analysis/dataset5/

mv SRAX_analysis/dataset5/Streptococcus_pneumoniae/*

SRAX_analysis/dataset5/

rmdir SRAX_analysis/dataset5/Streptococcus_pneumoniae

rm SRAX_analysis/ds5.tar.gz

Alternatively, we can download each separate dataset by clicking on the following links:

Data-set 1, Data-set 2, Data-set 3, Data-set 4, Data-set 5

Afterwards, we have to follow the next procedure:

Data-set(1)

tar -xvf Escherichia_coli_commensal.tar.gz -C SRAX_analysis/

dataset1/

mv SRAX_analysis/dataset1/Escherichia_coli_commensal_51/*

SRAX_analysis/dataset1/

rmdir SRAX_analysis/dataset1/Escherichia_coli_commensal_51

Data-set(2)

tar -xvf Escherichia_coli.tar.gz -C SRAX_analysis/dataset2/

mv SRAX_analysis/dataset2/Escherichia_coli/* SRAX_analysis/

dataset2/

15

https://zenodo.org/record/3571224/files/Escherichia_coli_commensal.tar.gz?download=1
https://zenodo.org/record/3571224/files/Escherichia_coli.tar.gz?download=1
https://zenodo.org/record/3571224/files/Shigella_sonnei.tar.gz?download=1
https://zenodo.org/record/3571224/files/Pseudomonas_aeruginosa.tar.gz?download=1
https://zenodo.org/record/3571224/files/Streptococcus_pneumoniae.tar.gz?download=1


4 Usage

rmdir SRAX_analysis/dataset2/Escherichia_coli

Data-set(3)

tar -xvf Shigella_sonnei.tar.gz -C SRAX_analysis/dataset3/

mv SRAX_analysis/dataset3/Shigella_sonnei/* SRAX_analysis/

dataset3/

rmdir SRAX_analysis/dataset3/Shigella_sonnei

Data-set(4)

tar -xvf Pseudomonas_aeruginosa.tar.gz -C SRAX_analysis/dataset4/

mv SRAX_analysis/dataset4/Pseudomonas_aeruginosa/* SRAX_analysis/

dataset4/

rmdir SRAX_analysis/dataset4/Pseudomonas_aeruginosa

Data-set(5)

tar -xvf Streptococcus_pneumoniae.tar.gz -C SRAX_analysis/

dataset5/

mv SRAX_analysis/dataset5/Streptococcus_pneumoniae/*

SRAX_analysis/dataset5/

rmdir SRAX_analysis/dataset5/Streptococcus_pneumoniae

4.4.3 sraX resistome analysis

For each downloaded dataset we have to run just a single-step command in order
to perform the complete sraX resistome analysis. At the beginning, regardless the chosen
run command and considering not error messages, your computer screen should looks like
Figure 4.3. Now, we are going to explore the diverse sraX parameters and the resulting
output:

1. Using default options:

sraX -i SRAX_analysis/dataset1

2. Adding the ARGminer (Argoty et al. 2019) and BacMet (Pal et al. 2014) DBs for a
deeper search of AMR determinants:

sraX -i SRAX_analysis/dataset1 -db ext

3. Selecting alternative algorithms for aligning the queries against the reference
genome and for producing the MSA �les:

16



4 Usage

Figure 4.3 Starting steps of sraX resistome analysis (§1).

sraX -i SRAX_analysis/dataset1 -a mafft -s blastx

4. Increasing the amino-acid identity percentage and alignment coverage for selecting
more stringent hits:

sraX -i SRAX_analysis/dataset1 -id 95 -c 95

5. Setting up other options (output directory, number of threads, debug):

sraX -i SRAX_analysis/dataset1 -db ext -id 85 -c 90 -o

SRAX_analysis/dataset1_my_custom_name -t 12 -d

Finally, the corresponding sraX report �les are available for their examination:
SRAX_analysis/dataset1_sraX_85_60_dblastx/Results/sraX_analysis.html
SRAX_analysis/dataset1_sraX_95_95_dblastx/Results/sraX_analysis.html
SRAX_analysis/dataset1_my_custom_name/Results/sraX_analysis.html
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5 Creating a custom AMR DB

5 Creating a custom AMR DB

In order to increase the AMR DB volume and its detection range, a suitable AMR DB
can be added from custom curated ARG sequences. In next examples, we are going to
provide ARG sequences belonging to user’s own data and as well as from dedicated public
repositories.

5.1 Curated ARG sequences from users’ private repositories

In order to add a custom AMR DB is mandatory to provide a single �le in (multi-)FASTA
format containing the curated ARG (DNA or AA) sequences. Each sequence should
have a di�erent header for its accurate identi�cation. Considering that sraX is able to
generate a HTML-formatted report �le, the following �elds with speci�c data –each
of them separated by a vertical bar– should be included in the header for creating the
hyperlinks and ful�lling the summary �les:

gene_name | accession ID | gene description | AMR determination | amino-acid
changes (if apply) | organism name

Field description:

gene_name: The corresponding ARG name (e.g: CMY-2).

accession ID: The NCBI accession ID (e.g: CAA62957.1).

gene description: A short description of the gene or AMR mechanism (e.g: Beta-
lactamase found in Klebsiella pneumoniae).

AMR determination: According to the AMR determination, sraX considers three pos-
sible choices: 1) protein homolog (AMR linked to ARG presence); 2) protein variant
(AMR linked to mutations on ARGs); 3) rRNA gene variant (AMR linked to mutations on
rRNAs).

When the AMR is linked to sequencemutations, the following information has to be included
for validating their presence in the analyzed samples:

amino-acid changes: Each amino-acid change should be in the format: ’reference amino-
acid + sequence position + mutated amino-acid’ (e.g: V146F). When several mutations
should be analyzed, every amino-acid change has to be separated by an underscore / low
dash (e.g: H526Y_V146F_T563P_L533P_P564L_R529C_R529S_S531F_Q513L_Q513P_R687H)

organism name: The name of the bacteria from which the curated ARG has been
detected (e.g: Klebsiella pneumoniae).
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It is important to mention that the order of the �elds and, in consequence, the information
that they hold is precise. It implies that sraX will look for each piece of data on its
corresponding position for performing the analysis. However, only the gene name is
mandatory and, whether desired, all the remaining �elds can be neglected.

Taking into account the previous facts, a complete custom header should have any of
these appearances:

AMR linked to ARG presence:
>CMY-2|CAA62957.1|Beta-lactamase found in Klebsiella pneumoniae|protein_homolog|Beta-
lactam|Klebsiella pneumoniae

AMR linked to mutations:
>rpoB|BAB38333.1|Mutations on rpoB result in resistance to rifampicin|protein vari-
ant|H526Y_V146F_T563P_L533P_P564L_R529C_S531F_Q513L_Q513P_R687H|Escherichia
coli O157:H7 str Sakai

In order to have a clear example, please copy the following DNA sequence into a text �le
and save as “gyrA.fa”:

>gyrA | | | protein variant | S84F |
ATGAGTGAAGAAATCAGAGAAAACATCCATGATGTCAATCTAACCAGCGAAATGAAAGACTCCTTCATCG

ATTATGCGATGAGTGTTATTGTCGCACGTGCACTTCCTGATGTCAGAGATGGTCTGAAACCCGTTCATCG

CCGTATTTTATACGGCATGAACGAATTAGGTGTAACACCGGATAAAGCCCATAAAAAATCTGCCAGAATC

GTCGGAGATGTCATGGGTAAATACCATCCTCATGGAGACAGTGCGATCTATGAGTCAATGGTACGGATGG

CACAGCCATTCAGCTACCGTTATATGCTAGTGGATGGTCATGGAAACTTTGGTTCTGTTGACGGTGACGG

TGCCGCCGCTATGCGTTATACCGAAGCACGGATGAGCAAAATCGCTACAGAAATGCTGCGTGATATCAAT

AAGAACACTGTTGATTTCCAAAGCAACTATGATGATACAGAAAAAGAACCAGTTGTACTACCTGCTCGCT

TCCCGAATCTTTTAGTGAACGGAACAACGGGGATCGCCGTAGGTATGGCCACGAATATCCCACCTCATAA

CTTGTCTGAGGTAGTAGCGGCTATCGATTTGCTGATGGATAATCCTGATGTGACGACCAATGAATTGATG

GAAGTATTACCTGGACCAGATTTTCCAACAGGTGGTTTGGTTATGGGGAAATCAGGAATCCGAAGAGCGT

ATGAAACAGGTAAGGGTTCTATTACCGTACGTGCAAAAGTTGAGATTACTGAGATGCCAAATGGTAAAGA

ACGGATCATCGTGACAGAATTGCCTTATATGGTCAATAAAGCAAAATTGATCGAACGGATTTCTGAACTG

CACAGAGACAAGCGTATCGAAGGGATCACAGATTTGCGGGACGAATCTTCCCGTGAAGGTATGCGGATCG

TCATTGACATCCGTCGTGACGCCAGCGCATCCGTTATCTTGAATAACTTATATAAATTGACATCCTTGCA

AAATTCATTTGGATTCAATATGTTGGCGATCGAAAAAGGTGTGCCGAAAGTTTTGAGCTTGAAACAAATC

CTTGAAAACTATATCGAACATCAACGCGAAGTCATCACACGACGGACGGTCTTTGAAAAAGAAAAAGCAG

AAGCAAGAGCACACATCTTAGAAGGTTTGCGTATTGCTTTGGATCATATCGATGAAATCATTGCGATTAT

CCGCGGGTCTAAATCAGATGACGAGGCAAAAGCAACAATGATCGAACGGTTCGATTTATCCGATCGCCAG

TCTCAAGCTATTTTAGATATGCGTTTACGCCGATTGACCGGTTTGGAACGGGAAAAAATCGAAAATGAAT

ACCAAGAACTCTTAAAACTGATTGAAGATTTAACTGACATTCTGGCAAGACCAGAACGTGTTACAGAAAT

19



5 Creating a custom AMR DB

CATCAAGAATGAATTAGCAGACTTGAATCAACGATTTGGTGATAAACGACGCACAGAATTACTAGTCGGT

GAGGTCTTAAGTCTGGAAGATGAAGATTTAATCGAAGAAGAAGAAATCGTTATTACATTGACAAACAATG

GTTACATCAAACGTTTGGCAAATAATGAATTCAGAGCTCAACGAAGGGGTGGACGTGGTGTCCAAGGAAT

GGGTATCCACAATGACGACTTCGTCAAAAATCTGGTTTCTTGTTCTACCCATGATACATTGTTATTCTTT

ACGAATAACGGAAAAGTGTATCGGGCAAAAGGATACGAAATTCCAGAATACGGGCGTACAGCCAAAGGAA

TCCCAATCATCAATTTACTAGGTATCGATTCGAGTGAAAGCATCCAGGCAATCATTGCGGTGACGGGAGA

AGCAGAAGAAGGCCACTATCTCTTCTTTACGACGCGTCAAGGTACAGTAAAACGTACTTCTGTCACTGCT

TTTGCTAACATCCGAAGTAATGGTCTGATCGCAATTGGTTTGAAAGAAGACGATGAGCTCGTCAATGTGC

TACTGACAGATGGTCAATCTAATATCATTATTGGAACACATAACGGCTACTCTGTCACTTTCAAAGAAGA

AGCAGTCCGCGATATGGGACGTACAGCTTCCGGGGTCAGAGGGATACGCCTGCGTGAGGAAGATTATGTC

GTTGGGGCAGCCTTAATGAAGGAAAATCAAGAAGTATTAGTGATCACAGAAAAAGGTTACGGAAAACGGA

CAAAAGTATCGGAATATCCAGTGAAAGGCCGCGGAGGTAAAGGGATCAAAACGGCGAACATCACTGAAAA

AAATGGTCCACTAGCTGGATTGACCACTGTTTCTGGAGATGAAGACATCATGCTGATTACAGATAAAGGT

GTCATTATCCGTTTCAACGTATCGACTGTTTCTCAAACTGGACGTTCAACATTAGGCGTACGTTTGATGA

AGATGGAAGCTGATACGAAAGTTGTCACGATGGCAGCAGTCGAACCAGAAGCTGCAGAACAAACAGTTGA

AGAACAAGGATCAGAAGAATAA

Then, execute the following commands:

cp gyrA.fa SRAX_analysis/userdb/gyrA.fa

wget -O SRAX_analysis/Enterococci.tar.gz \

https://zenodo.org/record/3571224/files/Enterococcus_spp.tar.gz?

download=1

tar -zxvf SRAX_analysis/Enterococci.tar.gz \

-C SRAX_analysis/userdb/

rm SRAX_analysis/Enterococci.tar.gz

sraX -i SRAX_analysis/userdb/Enterococcus_spp -db ext \

-u SRAX_analysis/userdb/gyrA.fa

Finally, open the corresponding report �le and check for the added gyrA.fa gene (see
Figure 5.1 for verifying the expected �le):
SRAX_analysis/userdb/Enterococcus_spp_sraX_85_60_dblastx/Results/sraX_analysis.html

5.2 Curated ARG sequences from public repositories

1. ARGDIT: A recently published work (Chiu and Ong 2018) describes the ARGDIT
toolkit for creating curated AMR DBs. The authors provided already pre-
compiled AMR DBs as examples, and this valuable information is going to be
employed for demonstrating sraX’s practicality and utility for resistome pro�ling.
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Figure 5.1 Expected results from sraX SNP analysis using a user provided ARG sequence (§5.1).

Firstly, a the ARG sequences are going to downloaded from the ARGDIT repository
as a FASTA �le named “argdit_dna.fa”, that will be created and further located
inside the “SRAX_analysis/userdb/” folder:

wget -O SRAX_analysis/userdb/argdit_dna.fa \

https://github.com/phglab/ARGDIT/blob/master/\

sample_integrated_dbs/argdit_nt_db.fa?raw=true

Secondly, a new FASTA �le named “argdit_dna_formatted.fa” is going to be
created and it will contains important meta–data which is currently employed by
sraX in producing the output results.

awk -F \| '/^>/ { print ">"$2"|"$1"|"$3"|protein_homolog|\

"$9"|"$5; next } 1' SRAX_analysis/userdb/argdit_dna.fa \

> SRAX_analysis/userdb/argdit_dna_formatted.fa

sed -i 's/|>/|/g' SRAX_analysis/userdb/argdit_dna_formatted.

fa

rm -f SRAX_analysis/userdb/argdit_dna.fa

Finally, we can contrast previous obtained results with the ones that are achieved
by employing our newly added AMR DB:

sraX -i SRAX_analysis/dataset1 -u \
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SRAX_analysis/userdb/argdit_dna_formatted.fa \

-id 95 -c 95

2. NCBI Bacterial AMR Reference Gene Database: The NCBI public
repository is comprised by annotated DNA sequences that encode proteins confer-
ring AMR, and it constitutes an aggregation of collections from multiple sources
which were previously curated and further expanded by reviewing the dedicated
literature.

Following a similar procedure, we are going to run a few commands for creating an
alternative AMR DB, that will contain a distinct arrangement of ARG sequences.

Firstly, a multi-FASTA �le named “ncbi_aa.fa” will contain the ARG sequences
from the NCBI Bacterial AMR Reference Gene Database repository
and it will be located inside the same folder (“SRAX_analysis/userdb/”):

wget -O SRAX_analysis/userdb/ncbi_aa.fa \

ftp://ftp.ncbi.nlm.nih.gov/pathogen/\

Antimicrobial_resistance/AMRFinder/\

data/latest/AMRProt

Secondly, a formatted FASTA �le (“argdit_dna_formatted.fa”) containing the
relevant meta–data is going to be created:

awk -F \| '/^>/ { print ">"$6"|"$2"|"$9"\

|protein_homolog|"$8"|Not_indicated"; next } 1' \

SRAX_analysis/userdb/ncbi_aa.fa > \

SRAX_analysis/userdb/ncbi_aa_formatted.fa

rm -f SRAX_analysis/userdb/ncbi_aa.fa

Finally, we can contrast previous obtained results with the ones that are achieved
by employing our newly added AMR DB:

sraX -i SRAX_analysis/dataset1 -u \

SRAX_analysis/userdb/ncbi_aa_formatted.fa \

-id 95 -c 95
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