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he Bioinformatics Resource Center (BRC) 
program was developed by the National In-
stitute of Allergy and Infectious Diseases (NI-

AID) to assist researchers in analyzing the increasing 
amount of genomic sequences and other omics-related 
data. In this work, whole-genome sequences of pros-
tate cancer and genitourinary diseases (WGS) were ex-
amined for genes utilizing the BV-BRC Bioinformatics 
Resource Center. using the Usegalaxy program to com-
bine the plasma and gut microbiome sequences from 
prostate cancer patients. Following that, chromosomes, 
plasmids, and unclassified sequences were subjected 
to ARG analysis. As a result of comprehensive genomic 
analysis of all samples, the S2 sequences were of good 
quality compared to the other sequences. As for viru-
lence factors, intracellular survival is one of the impor-
tant virulence factors, a common gene of Salmonella, 
which was represented in the prostate cancer samples 
but not in the urine microbiome samples.

Keywords: Bioinformatic, Virulence factors, Antibiotic 
resistance gene, Prostate cancer.

l programa del Centro de Recursos Bioinfor-
máticos (BRC) fue desarrollado por el Insti-
tuto Nacional de Alergias y Enfermedades

Infecciosas (NIAID) para ayudar a los investigadores a 
analizar la creciente cantidad de secuencias genómi-
cas y otros datos relacionados con la ómica. En este 
trabajo, se examinaron secuencias del genoma com-
pleto del cáncer de próstata y enfermedades genitouri-
narias (WGS) en busca de genes utilizando el Centro 
de recursos de bioinformática BV-BRC. utilizando el 
programa Usegalaxy para combinar secuencias de 
microbioma plasmático y intestinal de pacientes con 
cáncer de próstata. A continuación, los cromosomas, 
plásmidos y secuencias no clasificadas se sometieron 
a análisis ARG. Como resultado de un análisis genómi-
co exhaustivo de todas las muestras, las secuencias 
S2 eran de buena calidad en comparación con las otras 
secuencias. En cuanto a los factores de virulencia, la 
supervivencia intracelular es uno de los factores de 
virulencia importantes, un gen común de Salmonella, 
que estuvo representado en las muestras de cáncer de 
próstata, pero no en las muestras de microbioma de 
orina.

Palabras clave: Bioinformática, Factores de virulencia, 
Gen de resistencia a antibióticos, Cáncer de próstata.
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n 2004, the National Institute of Allergy and Infec-
tious Diseases (NIAID) introduced the Bioinformatic 
Resource Center (BRC) program to facilitate the 

integration of genomic data with other biological data 
in pathogen research. The program aimed to enhance 
basic and applied research through the provision of ap-
propriate data environments, bioinformatic tools, and 
workflows. Following the evolution of the program, two 
BRCs now support research on eukaryotic diseases 
and their vectors in the invertebrate domain (VEuPath-
DB), and a program (BV-BRC) encourages the study of 
bacterial and viral diseases. In 2019, the Bacterial and 
Viral Bioinformatics Research Center (BV-BRC) was 
created by merging the Viruses Pathogens Database 
and Analysis Resource (ViPR), the PAThosystems Re-
source Integration Center (PATRIC), and the Influenza 
Research Database (IRD). PATRIC, one of the initial 

BRCs, aimed to advance the bioinformatics of bacte-
rial illnesses. Following the integration of the National 
Microbial Pathogen Database Resource (NMPDR) and 
the PATRIC BRC in 2012, the SEED and RAST resourc-
es for annotation were recognized. The BV-BRC type 9 
has a singular, current resource that is aided by a group 
of researchers from the University of Chicago, the J. 
Craig Venter Institute, the University of Virginia, and the 
Fellowship for the interpretation of genomes, as well as 
other colleagues from nearby universities. Every bacte-
rial and archaeal genome in the BV-BRC is meticulously 
annotated by the BV-BRC Annotation Service using 
the RASTtk tool10 for more precise gene annotations. 
Included in these annotations are antibiotic resistance 
genes, virulence factors, and essential genes such as 
Mobile Genetic Elements and Metal Resistance Genes, 
which are crucial for conducting research on infectious 
diseases. This study involved four distinct WGS sam-
ples obtained from NCBI for the purpose of comparative 
genomic analysis. Figure 1 illustrates the homepage 
of the BV-BRC. There are a multitude of methods for 
studying bacteria and viruses.
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Fig 1. The home page of the BV-BRC organization. Several methods of obtaining bacterial and viral information are demonstrated.

Adopted from https://doi.org/10.1093/nar/gkac1003.
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Trimming

Taxonomy Assignment

Metagenomic Assembly and the prediction of Plas-
mid/ chromosomal DNA sequences

All 4 WGS metagenomic samples consist of S1: 4.6 GB, 
S2: 981.8 MB, S3: 2.9, and S4: 1.3 GB, respectively. 
All paired and individual sample reads were submitted 
to the BV-BRC Bioinformatics Reference. The genome 
assembly pipeline (version 2.9.1) performs paired (S1, 
S3, S4) and single-end (S2) on the illumine, NextSeq, 
and HighSeq tool platforms. In order to improve ge-
nome assembly designs, bases were changed, mis-
assemblies were fixed, and gaps were filled using the 
SPAdes v3.12.0 assembly tool. The components’ qual-
ity was then evaluated with QUAST (version 5.0.2) after 
two rounds of polishing with Pilon 1.23. Furthermore, 
based on neural network models trained on whole ge-
nome and plasmid sequences, Plasflow (usegalaxy v 
21.09) default settings for all metagenomic assembled 
contigs combined predicted plasmid and chromosomal 
sequences with over 96% accuracy.

Functional Annotation of Metagenome-Assembled 
Genomes (MAGs) 

For prediction of specific gene and functional classifi-
cations, annotations were performed using the BV-BRC 
v3.30.19a (PATRIC) annotation pipeline and the RAST 
toolkit (RASTtk). Each sample-assembled contig was 
submitted to the pipeline along with a unique genome 
identifier, the genetic code used for translation by 11 
Achaea and most bacteria for calling functional traits. 
Each annotated feature was added to the KEGG da-
tabase to forecast the dataset’s functional assignment. 
Following annotation, BV-BRC evaluates all genes, in-
cluding those that are known to exist in the genome, 
against specialist gene information databases like 
ARDB, CARD, NDARO, and PATRIC. Management of 
AMR offers insights on pathogenicity, antibiotic resis-
tance, and k-mers. This makes it easier to find anti-
microbial resistance genes and gene counts by utiliz-
ing BLASTP and k-mer based approaches to explore 
metagenomic data for resistance profiles based on high 
sequence similarity. The frequencies of the various 
classes of resistance mechanisms were calculated after 
computing the frequency and percentage distributions 
of ARGs in the dataset. These frequencies were then 
combined with the frequencies of the ARG subtypes 
connected to each class of resistance mechanisms. 
Calculate the percentage of various antibiotic resistance 
gene types present on plasmids, chromosomes, and 
unclassified sequences by combining all metagenomi-
cally assembled contigs.

Genes for Antimicrobial Resistance
Utilizing a carefully selected set of AMR gene variations, 
PATRIC’s Genome Annotation Service employs a k-mer-
based technique to find AMR genes14. Each functional 
annotation of an AMR gene is given a drug class, a spe-
cific resistant antibiotic, and a mechanism of antibiotic 
resistance. Despite this, having AMR genes in a genome 
does not automatically mean that a certain phenotype—
antibiotic resistance—exists. Certain AMR pathways 
must be regarded as crucial, especially those with SNP 
mutations that give resistance. Fig. 2 displays the AMR 
genes and related processes found in the genome.

Statistical Analysis
The output data was initially evaluated prior to statistical 
analysis. For the Plasflow result, a bar chart was used 
to quantify the ratios of various ARG types identified on 
plasmid, chromosomal, and unclassified sequences, as 
well as their densities and relative dispersion across all 
datasets included. Utilizing the usegalaxy tool, Circos 
and the Heatmap presentation were created.
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Assessments of WGS Metagenomic Assembly 

Genome Assembly

The Comprehensive Genome Analysis service received 
bacterial S1 (ERR3840084), S2 (SRR15244457), S3 
(SRR5535749), and S4 (SRR13740644) assembled 
genomes. Table 1 shows the total number of contigs, 
the estimated length of the genome, the average G+C 
content, the N50 length, or the shortest sequence length 
at 50% of the genome, and the L50 count, or the least 
number of contigs whose length sum equals the N50.

Table1: Comparison of genome assembly

Samples
Genome 
Length

Contigs
GC 

content
contigL50.

Contig 
N50

S1 4,300,058bp 176 38.22% 16 92,433

S2 44,651,884bp 2,309 41.13% 130 84,738

S3 23,411,304bp 1,263 41.08% 77 75,259

S4     16,671,310bp 1,689 43.96% 137 26,211

Evaluation of Functional Genome Annotations 
In the initial stage, all annotated data must be com-
pressed. Following this, each intended gene will be 
thoroughly evaluated and documented. The RASTtk 
(RAST tool kit) system generates several features for 
all MAGs, including CDS, tRNAs, rRNAs, proteins with 
functional annotations, CRISPR elements, proteins with 
Enzyme Commission (EC) numbers, proteins mapped 
to KEGG pathways, proteins with Gene Ontology (GO) 
assignments, as well as two types of protein families 
(PLFams and PGFams) identified from the PATRIC da-
tabase. These characteristics are used to obtain a com-
prehensive view of the targeted genes.

ARG types are many and diverse, as demonstrated 
by the metagenomic assembly sample.
The frequency of antibiotic resistance genes in each 
sample is shown in Fig. 2A. The information came from 
the BV-BRC rescores reference. The types of ARGs 
that were abundantly present in all of the samples were 
identified through metagenomic analysis; the four most 
prevalent types were aminoglycoside, peptide antibiotic, 
cycloserine, and elfamycin resistance genes, followed by 
fluoroquinolone, fosfomycin, rifamycin, fusidic acid, and 
mupirocidal resistance genes. When compared to pep-
tide antibiotics, aminoglycosides are shown to be more 
abundant in the prostate cancer sample (SRR1524457) 
and slightly less abundant in the urinary tract infection 
sample (SRR5535749). The ARG types of tetracycline 
and rifamycin were present in roughly equal amounts in 
the SRR15244457, SRR5535749, and SRR13740644 
samples. The sample with the lowest abundance of all 
ARGs is ERR3840084, however.  Triclosan and sul-
fonamides have the lowest abundances of ARG types. 
With aminoglycosides being the most prevalent kind, 
this observation showed an increase and decrease in 

the abundance of classes of antibiotic-resistant genes 
between comparing prostate cancer and urinary tract 
infection microbiome samples.

As it is clear in the presentation of the number of ARGs 
in each sample, S1 (ERR3840084), the plasma sample 
of prostate cancer patients includes all kinds of ARGs in 
the lowest account. However, the other sample of pros-
tate cancer patients from gut microbiome contains the 
highest number of ARG types.

Fig.2. A. The abundance of ARGs in all samples.
Fig. 2.B. 

Fig. 2. The ratio of ARGs in each sample. (A) ARG type abun-
dance ratio (B) Sum total abundance normalized relative distri-
bution of the ARG types in each sample. 

Fig. 3. A. The heatmap presentation of ARGs for all samples
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Fig. 3. The heatmap presentation of ARGs for all 
samples created by the usegalaxy.eu tool. Clustering 
showed three distinct groupings of antibiotic resistance 
in the prostate cancer and urinary disease samples. As 
it is shown UTI and genitourinary patients microbiome 
samples are close to each other in terms of ARGs in 
comparison with the prostate cancer samples. Sum-
marly, Aminoglycosides, Elfamycins, Cycloserin, and 
peptid agents are almost the highest number of ARGs 
types that S2 and S3 samples include.

The Circos presentation of ARGs for all samples reveals 
that all samples include the lowest number of genes for 
triclosan agent. The S1 sample totally contains the low-
est number of ARGs, while the gut microbiome sample of 
prostate cancer S2 shows the highest number of ARGs. 
Moreover, it is possible to name the aminoglycosides an-
tibiotics classification, which almost all samples contain a 
high number of resistance genes against them.

Proportion of ARGs located in Plasmid and Chro-
mosomal Sequence.
All samples received their respective ARG types for 
chromosomes, plasmids, and unclassified sequences. 
Chromosome contigs possessed a much higher per-
centage of ARG types than plasmid and unclassified 
contigs, according to contig assembly. The usegalaxy.
eu tool joined the contig sequences of the prostate can-
cer samples together. The merged collection containing 
chromosomal, plasmid, and unclassified sequences was 
put together for the thorough genome analysis. Tetracy-
cline encoded in plasmid and cycloserine is revealed to 
be the most dominant ARGs subtypes encoded in chro-
mosomal contigs of prostate cancer samples sequenc-
es as a result of thorough analysis of merge contigs of 

prostate cancer patients. It has been demonstrated that 
the ARGs for the drugs bicyclomycin, fluoroquinolones, 
fosfomycin, fusidic acid, sulfonamides, triclosan, and 
mupirocin are solely encoded on chromosomal DNA. 

These results demonstrated that different chromosomal 
and plasmid subtypes carry ARGs in varied ways, and 
some ARG types appeared to be located on unclassi-
fied regions of bacterial DNA.

All ARGs Mechanism in this study are divided into sev-
en major categories based on the Blasts results from 
the CARD, NDARO, and PATRIC AMR-related curation 
databases: efflux pump, antibiotic inactivation, antibiotic 
target protection, antibiotic target replacement, antibiotic 
target in susceptible species, target modifying enzyme, 
and gene conferring. According to Fig. 5, “undefined” 
refers to the mechanism’s unclassified categories.

Fig 3. B. The Circos presentation of ARGs types for all 
samples.

Fig 4. Prostate cancer samples’ proportions of various ARG 
types found on plasmid, chromosomal, and unclassified se-
quences.   

Fig.5. A. 
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As the chart reveal antibiotic target in susceptible spe-
cies mechanism is the common ARGs mechanism of 
all prostate and urinary microbiome samples. Hence, 
sample S2 has the highest percentage with efflux pump, 
antibiotic inactivation and the unclassified mechanisms. 
Comprised of the antibiotic target in susceptible spe-
cies, efflux pump and gene conferring are the other two 
most abundant in the S2 sample, while gene conferring 
ARG mechanisms were more prevalent in S3 and S4 
too. In order to control their internal environment by 
eliminating hazardous compounds, bacteria have trans-
port proteins called efflux pumps15, which are typically 
linked to multiple drug resistance16. 

Analysis of Virulence Genes Related to Different 
Factors in the Samples. 
The total number of virulence genes was assessed in 
this study after comparison with the VFDB, Vectors, and 
PATRIC_VF databases using the high sequence simi-
larity method with BLAT. Six virulence factors and the 
undefined factors were the focus of the investigation. 
According to Fig. 6, Sample S2 possesses the greatest 
number of virulence genes compared to the other sam-
ples. Analysis reveals that Sample S4 contains the larg-
est percentage of undescribed genes. The whole set of 
virulence genes were uniformly distributed throughout 
all study samples in the urine, gut, and plasma micro-
biomes of patients with prostate cancer and other geni-
tourinary diseases. Bacterial adhesion factors are fre-
quently trained cell surface structures that engage with 
surfaces like MSCRAMMs or Pili17. The anti-phagocy-
tosis VF gene was predominately detected in Bacillus 

bacteria in the S2 and S3 samples. Some pathogenic 
bacteria are naturally able to resist the bactericidal 
components of host tissues because of their structural 
makeup. For instance, the poly-D-glutamate capsule 
of Bacillus anthracis protects the organisms from cat-
ionic proteins (defensins) produced by phagocytes. The 
virulence (regulation of gene expression) genes for S1 
and S2 prostate cancer samples that were isolated from 
plasma and gut were predominately detected in Esch-
erichia coli and Salmonella enterica. Well-adapted gas-
trointestinal pathogens like Escherichia coli or Salmo-
nella have the capacity to modulate the expression of a 
number of genes as they transition from one host flora 
to another during their passage through the gut, includ-
ing passing through the gastric barrier and surviving in 
macrophages or intestinal epithelial cells18. The Salmo-
nella intracellular survival gene is the other gene that is 
shared by the S1 and S2 samples. Salmonella enterica 
serovar Typhimurium, a common facultative intracel-
lular pathogen, causes millions of cases of food-borne 
gastroenteritis each year. In vivo, the bacterium can be 
found in a variety of phagocytic and non-phagocytic 
cells, and intracellular survival and reproduction are im-
portant factors of virulence19.

Expression level of Mobile Gene Elements (MGE) 
and Metal Resistance Genes (MRG)
From the full WGS assembly samples, four major cat-
egories of mobile gene elements and two metal resis-
tance genes have been identified, and their expression 
rates per sample were assessed. Sample S2 is shown 
to have the most dominantly expressed MGE, with 
transposase being the most expressed, followed by 
transposon within the same sample compared to oth-
ers. Sample S4, shown to follow S2 in expression of 
the transposon, is the most expressed MGE compared 
to others. MRGs were found in all samples, with zinc 
predominating in samples S2, S3, S4, and S1, respec-
tively. Ion appears to be the MGE and MRG gene with 

Fig 5. B. ARG resistance mechanism categories: (A) the pro-
portion of each category of resistance mechanisms; (B) the 
number of subtypes included in each category of resistance 
mechanisms.

Fig. 6. Numbers of virulence genes relative to different virulence 
factor per sample. 
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the lowest percentage of expression in all samples. In 
the S2 sample, ion is seen to be highly expressed. In 
terms of MGE and MRG, S2 also showed the highest 
expiry. Presentation of MGE and MRG for all samples 
is shown in Fig. 7.

Microbial Subsystems and Gene Classifications for 
all samples. 
A subsystem is a group of proteins that work together 
to carry out a particular biological process or structural 
complex20; the BV-BRC annotation also examines the 
subsystems that are peculiar to each genome. In the 
Fig. 8 presentation above, a summary of the subsys-
tems for each sample is presented.

ne of the newest subfields in molecular 
microbiology involves research on mi-
crobial communities at the ecosystem 

level (such as the microbiome). NGS-based panbacte-
rial metagenomic data analysis requires carefully cu-
rated, top-notch reference datasets in order to produce 
pertinent results. The BV-BCR database is dedicated 
to provide the scientific community with an extensive 
knowledge base. The S2 sequence was of good quality 
in comparison to other sequences as a result of thor-
ough genome analyses for all samples. While urine 
microbiome samples do not contain it, prostate cancer 
samples show intracellular survival, one of the significant 
virulence factors that is a common gene of Salmonella.

Against prokaryotic rivals and eukaryotic hosts, patho-
genic bacteria have developed a number of strategies to 
invade, pierce, and disrupt the host immune response. 
Empirical studies have demonstrated that many bacte-
rial VFs are complex proteins with a variety of functions. 
For instance, Listeria monocytogenes, a facultative in-
tracellular pathogen, has a major virulence component 
called Listeriolysin O (LLO) that plays a role in numer-
ous stages of the intracellular lifecycle and has unique 
characteristics21. The production of pili in uropathogenic 
bacteria is, however, suppressed by pilicides from the 
class of bicyclic 2-pyridones, which are effective against 
type I pili generated by Enterobacteriaceae22. A differ-
ent class of anti-colonization drugs includes amyloid 
aggregate inhibitors23. The study’s findings indicate that 
all samples showed significant numbers of resistance 
genes for aminoglycoside antibiotics, whereas none of 
the samples showed high numbers of resistance genes 
for triclosan antibiotic families. Aminoglycosides are 
bactericidal, broad-spectrum antibiotics that are rou-
tinely administered to children, primarily to treat condi-
tions caused by Gram-negative bacteria. Some of the 
aminoglycosides include gentamicin, amikacin, tobra-
mycin, neomycin, and streptomycin. 

he presence of highly resistant genes in the 
urinary microbiome suggests that aminoglyco-
side antibiotics may not be the best option for 

treating genitourinary infections, based on our findings. 
Interestingly, our analysis of the prostate cancer micro-
biome samples (S1, S2) revealed triclosan antibiotics to 
possess the lowest number of resistance genes. Further 

Fig. 7. MGE and MRG Expression Levels in Each Assembly 
Sample.

Fig 8. Subsystems, Genes Classifications for all samples. 
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studies could investigate whether triclosan could prove 
effective in treating prostate cancer. Looking ahead, the 
BV-BRC database will likely expand its knowledge on 
bacterial pathogens to better serve global users.alue.
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