
Uropathogenic Escherichia coli: An Ideal
Resource for DNA Microarray Probe

Designing

Payam Behzadi(&) and Elham Behzadi

Department of Microbiology, College of Basic Sciences, Shahr-e-Qods Branch,
Islamic Azad University, Tehran, Iran

behzadipayam@yahoo.com, elham_behzadi@hotmail.com

Abstract. Uropathogenic Escherichia coli (UPEC) is the most important bac-
terial agent causing urinary tract infections (UTIs) in patients around the world.
The UTIs rank second among different types of infectious diseases. So, there is
an urgent need to have a rapid and accurate diagnostic method for detecting
UTIs. DNA microarray is an advanced pan-genomic technique which can be
used as a rapid and accurate diagnostic method with high specificity and sen-
sitivity. Designing a collection of DNA microarray probes enables us to have a
sharp methodology for detection and identification of UPEC pathotypes. For this
reason, the authors of the present review literature have tried to represent a vast
range of availabilities regarding UPEC recognition by DNA microarray probe
designing.
UPEC encompasses a wide range of virulence genes which are contributed to

UTIs. This characteristic makes UPEC an ideal resource for DNA microarray
probe designing to have a reliable UTIs diagnostic method.
Besides, UPEC possesses different pathogenic strains which are distributed

worldwide. And individual strain has its particular conserved sequences within
the virulence genes. In other word, DNA microarray probes can be designed for
specific UPEC strains within different geographical regions.
In conclusion, UPEC is a living accessible genomic treasure which can be

used for designing a diversity of DNA microarray probes with a high specificity
and sensitivity.
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1 Introduction

Urinary tract infections (UTIs) as the second most important infectious diseases are
occurred by the well-known pathogenic microorganism of Uropathogenic Escherichia
coli (UPEC). As we know, the UTIs are classified into lower and upper parts with
asymptomatic or symptomatic, complicated or uncomplicated and acute or chronic
characteristics. In addition to human disposing factors for UTIs, the pathogenomic
properties of microbial causative agent play an important role for occurring UTIs.
Among a wide range of UTIs causative agents, UPEC has a unique situation. Among
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patients with UTIs around the world, the incidence of UTIs in women is four-folded in
comparison with men. This feature is referred to anatomical characteristics in females.
Several global reports confirm the key role of intestinal strains of Escherichia coli
(E.coli) as significant resources for recurrent UTIs in women [1–6].

The phylogenetic studies show that, all the pathotypes of E.coli are originated from
the commensal and non-pathogenic, strains in their evolutionary pathways. By the
time, the intestinal and extra-intestinal pathotypes of E.coli are divided into 5 classes of
A, B1, B2, D and E. The A, B1 and E classes are recognized as intestinal strains and
the classes of B2 and D involve UPEC strains for the most. However, the B2 group
dominates D category. According to previous studies, the UPEC strains are the most
well-known etiologic bacterial agents of nosocomial (up to 50%) and community
acquired (up to 95%) UTIs [3, 7].

Pangenomics has revealed a huge diversity of genes in non-pathogenic and
pathogenic E.coli strains; so the pathogenomics of E.coli may help us to detect and
identify different pathotypes of UPEC by advanced molecular and pangenomic tech-
nology like DNA Microarray [3, 8].

2 Pangenomics of UPEC

The scientific term of Pangenomics was firstly coined in 2005 by Tettelin and colleagues.
Indeed, pangenome denotes common chromosomal sections (known as core or backbone
genome) and supplementary genetic elements (adaptive or flexible genome) in a Genus.
The core genome encompasses intra-chromosomal gene families including housekeep-
ing and other functional genes which are directly related to normal cellular activities; but
the adaptive or supplementary genome comprising mobile genes in the forms of inte-
grons, pathgenicity islands (PAIs), phages, plasmids, retrotransposons and transposons
which are in association with vital defense systems. For the most, the flexible genetic
repertoire encompasses antimicrobial resistance, heavy metal resistance and virulence
genes that pertaining to microorganism environmental adaptation. Today, the microbial
Pangenomics is an effective means for detection and identification of microbial causative
agents of infectious diseases. Among a wide range of infections, UTIs as common global
infectious diseases have an urgent need for an accurate diagnostics and a definite treat-
ment. So, the use of Pangenomics and advanced pangenomic diagnostic techniques is
unavoidable. The pangenome (genetic repertoire) of a microorganism like UPEC varies
from one strain to another. In accordance with previous studies, the pangenome concept
of E.coli varies between 4.5 to 5.5 Mb. The least boarder is recognized in commensal
strains of E.coli, while the pathotypes including UPEC strains possess more genomic
contents. The precise pangenomic concept for each E.coli strain is accessible through the
National Center for Biotechnology Information (NCBI) database (https://www.ncbi.nlm.
nih.gov/). NCBI is an important and easy-to-work database which provides us the latest
information regarding deciphered microbial pangenomes. Until today, 5363 genome
assemblies, 342 sequence reads and 47198 genes are registered for E.coli strains in
NCBI [3, 9–16].

Although, there are a large number of genes which are valuable for DNA
microarray detection and identification, the unrelated genes (orphan genes) among a
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mass of gene families within flexible gene pool are appropriate sequences as target
goals. The orphan gene sequences prepare an appropriate specificity for influent
detection and identification by DNA microarray technology [10, 17, 18].

3 DNA Microarray Technology

Microarray technology is an advanced pangenomic diagnostics which can be used as a
reliable, flexible, rapid, accurate, sensitive and specific tool. DNA microarray technique
as a miniaturized lab-on-a-chip is appropriate and cost effective when the number of
specimens is high. The technique of DNA microarray is principally classified into two
separate sections which each part has an operative effect on the other. These sections
include dry lab (known as in silico) and wet lab (known as in vitro). The probe designing
section involves in silico activities and is completely dependent on databases, servers,
tools and software. Probe designing process determines the accuracy, sensitivity and
specificity of the method. Employing a skillful bioinformatician is an urgent need to
minimize the probable biases. The use of proper analyzers, tools and software affects the
final outcomes. Besides, utilization of suitable probe sets is an essential need, too.
Noticeably, probe designer software represents several microarray probes which the best
ones must be chosen and rechecked for final application. On the other hand, probe
spotting, DNA target labeling, hybridization and scanning are the wet lab portion of
DNA microarray technique in which the related procedures must be performed in
accordance with proper protocols. In brief, all of the procedures and sections must be
achieved in correct and precise manner to have an acceptable result [3, 19–24].

In parallel with aforementioned procedures, the more registered recognized
microbial genomes in databases such as NCBI, European Molecular Biology Labo-
ratory (EMBL, http://embl.org/) and DNA Data Bank of Japan (DDBJ, http://www.
ddbj.nig.ac.jp/), the more accurate and effective designed microarray probes. This is
why, we can design very effective and sharp microarray probes for E.coli pathotypes
like UPEC [9, 10, 12, 19, 25, 26].

The UPEC pathotypes encompass a wide range of genes (e.g. virulence genes) with
a significant diversity. In other word, UPEC is an incredible treasure for designing a
huge number of well-designed microarray probes. These properties make DNA
microarray an appropriate diagnostic technique for detection and identification of
UPEC. The virulence genes may be placed on main chromosome or plasmids. The use
of chromosomal genes is suitable for recognition of UPEC pathotypes by phylogenetic
properties while the use of plasmid genes is proper for multidrug-resistance UPEC
strains [3, 27].

4 Chromosomal Virulence Genes (CVGs)

In accordance with several studies, the presence of virulence genes in UPEC genetic
pool makes it easy for the bacterium to adapt itself with peripheral factors. This property
enables UPEC to be a successful pathogenic bacterium causing UTIs. Adhesins, inva-
sins, siderophores, iron uptake systems, secretion systems, toxins and etc. are favorable
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Table 1. Categorization of different virulence genes relating to adhesins in UPEC strains

Virulence
genes

Length
(base
pair
(bp))

Virulence
factors

Characteristics Activity Location Type of
UTI

afaA 306 Afimbrial
adhesion
AFA-I

Cluster genes Adhesin Exterior Chronic and
recurrent,
Lower and
Upper UTIs

afaB 798

afaC
(highly
conserved)

2583

afaD
(highly
conserved)

444

afaE-1 485

draA 305 Afimbrial
adhesion Dr

The proteins are the same as
afa genes products

Adhesin,
invasin (by
activating
signal
transduction
cascade)

Exterior Chronic and
recurrent,
Lower and
Upper UTIs

drab 743

draC 2579

draD 443

draE 482

draP 173

cgsA 459 Curli
fimbriae

Fimbrial shaped Adhesin Exterior All

cgsB 483

cgsC 333

cgsD 651

cgsE 390

cgsF 417

cgsG 834

cfaA 764 CFA/I
fimbriae

Pilus Adhesin Exterior Lower and
recurrent
UTIs

cfaB 547

cfaC 2914

cfaD 1217

cfaE

fimA 612 Type 1
fimbriae

Bacterial peripheral
surrounding fimbriae,
cluster genes, conserved
genes, chaperone-usher
(CU) secretion fimbriae

Adhesin Exterior All

fimB 603

fimC 726

fimD 2844

fimE 597

fimF 544

fimG 512

fimH 912

fimI 692

focA 543 F1C fimbriae Chaperone-usher
(CU) secretion fimbriae,
Cluster genes, in association
with cluster genes of S
fimbriae

Adhesin Exterior All

focB 329

focC 696

focD 2679

focF 528

focG 504

focH 1011

focI 540

(continued)

Uropathogenic Escherichia coli: An Ideal Resource 15



characteristics for UPEC. The related genes are invaluable treasures for DNA
microarray probe designing. Table 1 shows several numbers of chromosomal virulence
genes relating to adhesins recognized in a wide range of UPEC pathotypes [3, 27–34]:

As Table 1 shows there are a huge number of adhesins with different genetic
characteristics recognized in UPEC strains. The diversity of virulence genes including
adhesins enables us to have a vast range of patterns for designing specific, sensitive and
flexible DNA microarray probes.

Table 1. (continued)

Virulence
genes

Length
(base
pair
(bp))

Virulence
factors

Characteristics Activity Location Type of
UTI

sfaA 556 S fimbriae Cluster genes, the S fimbriae
compartments are variable
in different environmental
factors

Adhesin Exterior Sever UTIs
(mostly in
upper UTIs)

sfaB 330

sfaC 285

sfaD 549

sfaE 696

sfaF 2679

sfaG 528

sfaH 969

sfaS 492

papA 636 P fimbriae Gene clusters, molecular
clock for recognition of B2
and D strains,
Chaperone-usher
(CU) secretion fimbriae,

Adhesin Exterior Acute lower
and upper
(especially
nephritis)
UTIs

papB 315

papC 2532

papD 735

papE 555

papF 534

papG 1034

papH 591

papI 368

papJ 582

papK 540

papX 555

elfA 552 Escherichia
coli laminin
binding
fimbriae

Gene cluster, molecular
clock for recognition of B1
strains, Recognized in
Enterohemorrhagic E. coli
(EHEC) strains for the most

Adhesin Exterior Mostly
recurrent
UTIs in
women

elfC 2601

elfD 702

elfG 1072

hcpA Hemorrhagic
E. coli pilus

Recognized in EHEC strains
for the most

Adhesin Exterior Mostly
recurrent
UTIs in
women

hcpB

hcpC
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5 Conclusion

E.coli bacteria have divided into two groups of pathogens including Intra-intestinal
pathogenic E.coli (InPEC) and Extra-intestinal pathogenic E.coli (ExPEC). The InPEC
pathotypes involving Enterohemorrhagic E.coli (EHEC), Enteropathogenic E.coli
(EPEC), Enteroinvasive E.coli (EIEC), Enterotoxigenic E.coli (ETEC) etc. encompass
different virulence genes and factors. In addition to InPEC, the ExPEC strains including
UPEC possess a variety of virulence genes and factors which are contributed to bac-
terial pathogenicity and adaptation. According to Table 1, there are wide ranges of
genes which produce different types of adhesins with different functions and activities.
Moreover, the size of genes and their genetic properties are different. However, some of
them have huge similarities with each other. So, these genes give us a great opportunity
to design an abundance of microarray probes; but, the phylogenetic and structural
properties of the genes and their similarities and dissimilarities have a deep influence
on the accuracy of the probes. Awareness of the genes characteristics is an essential
need for designing sharp, specific, sensitive and flexible microarray probes. Of course,
simultaneously the presence of skillful bioinformaticians makes it easier to use proper
probe sets and platforms. Best designed microarray probes guarantee an accurate, rapid
and reliable diagnosis for a definite treatment.
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