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ABSTRACT

E. coli are genetically diverse bacteria which can live in different habitats. The E. coli genome has two components:
The core genome which contains essential genes and is shared among all strains of the species; and the accessory
genome which is highly variable among strains encompassing many mobile genetic elements. Despite the extensive
dynamics in the genomic content over evolutionary period, the genome size of E. coli seems to have been conserved
due to processes of continuous gene gain and gene loss. Mobile genetic elements give strains of E. coli better
adaptability to different environments such as the ability to resist antibiotics and to escape immune responses and
establish infection in various hosts. Mobile genetic elements have been detected in both commensal and pathogenic
strains. Horizontal gene transfer in the form of transformation, transduction, and conjugation plays a big role in the
genetic diversification, evolution, and adaptation of various E. coli strains besides genome mutation events which vary
in rates among wild type and domestic strains with domestic strains displaying increased mutability due to reduced
methyl directed mismatch repair activity.

E. coli genetic diversity has been studied from the stand point of traits such as: Antibiotic resistance, repeat sequences,
insertion sequences, bacteriophage susceptibility, DNA hybridization characteristics, plasmids, restriction fragment
polymorphisms and different molecular techniques have been devised to study the genetic diversity of E. coli strains
based on such traits. E. coli bacteria are highly genetically diverse as indicated by the recovery of genetically diverse
strains from different habitats by different researchers. Some multi drug resistant strains have attained a worldwide
distribution. Host, environment or season related genetic diversity or relatedness is observed among phylogeny groups
and strains of E. coli although different studies on the host/environment based genetic structure of E. coli do not
come up with similar results.
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INTRODUCTION assess, and deal with different classes or individuals of a given

population according to their specified characteristics [1].
Diversity is the degree of uniqueness or variability that is
displayed among individuals or classes of a population/s.
Diversity can also be defined as the condition of being different,
variety, and a point of difference. Studying the diversity of
different populations can be helpful for scientists to discriminate

A wide range of definitions of genetic diversity are employed by
scientists in different evolutionary and ecological studies. Some
of the definitions of genetic diversity commonly used are: Allelic
diversity (the average number and relative frequency of alleles
per locus); allelic richness (the average number of alleles per

population classes according to their defined characteristics. o -
locus); genotypic richness (number of genotypes within a

Besides, studying diversity is also important to treat, manipulate,
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population); heterozygosity (average proportion of loci that carry
two different alleles at a single locus within an individual);
mutational diversity and effective population size (a measure of
nucleotide diversity that provides a combined measure of
effective population size and mutation rate); nucleotide diversity
(average number of nucleotide differences per site between two
random individuals selected from a population); percentage of
polymorphic loci (percentage of loci that are polymorphic).

Genetic diversity is an ingredient of biodiversity and is a pre-
requisite for evolution by natural selection, i.e. genotypes may
vary in ecologically important ways there by contributing to the
fitness of individuals of a population. Molecular markers are the
most common tools by which genetic diversity of allelic states is
assayed in natural populations. Genetic diversity can affect a
wide range of populations, communities and ecosystems of
organisms. A population’s genetic diversity is influenced by
mutation, natural selection, migration and genetic drift [2,3].

Genetic diversity is also affected by the size of a population. A
reduction in population size in relation to a random event may
lead to a reduction in genetic variability due to genetic drift.
This decrease in genetic variability may further lead to reduced
fitness. This reduced fitness may sometimes lead to extreme loss
of individuals of a population which is termed genetic bottle
neck. Genetic diversity may be imputed into a population either
through mutation or gene flow from a neighboring population,
i.e., migration. Apart from genetic drift, genetic variability may
decrease due to natural selection in inbreeding populations. In
this case, genetic drift tends to be passive while natural selection
tends to be an active ingredient of the reduction in a
population’s genetic variability [4].

Classification of microorganisms according to their species levels
is helpful in studying their genetic diversity. A species is a group
of organisms that can be engaged in reproduction. As organisms
reproduce and genes replicate, changes occur in populations
resulting in speciation. A clear demarcation between species of a
genus is helpful for various biological applications. Plants and
animals can be classified according to their species based on
their Classification based on
morphological features alone may not be convenient for the

morphological ~ features.
classification of microorganisms because microbes have simple
morphology. Advances in molecular techniques have resulted in
clues to the tremendous genetic diversity present within the
microorganisms such as and fungi. Increasing
knowledge of the properties of DNA with the development of
molecular biological techniques has resulted in the idea that
bacteria might best be classified by comparing their genomes.
This may be helpful in formulating ecological and evolutionary
theories by identifying the DNA sequence clusters most likely
corresponding to the fundamental units of bacterial genetic

diversity [5-7].

bacteria

LITERATURE REVIEW

Bacteria generally display a wide range of intra species genetic
variation which may be presented not only in the form of
sequence variation as in the case of other species but also the
presence or absence of whole genes or clusters of genes. It is
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thus important to have the sequence of all bacterial DNA to
have a species genome in bacteria unlike eukaryotes in which
case an individual organism’s genome sequence may provide
with the vast majority of the genes for the species in which the
organism is found. Bacterial genome variation is also observed
in the fact that bacteria carry plasmids and bacteriophages and
that these plasmids and phages are present in some strains but
are absent in other strains. Furthermore, there are groups of
genes present in the chromosomes of some strains but not in
others. Many of these groups of genes may be pathogenicity
islands. Bacterial strains may also vary in genome sequences that
code for enzymes, e.g., those involved in metabolism. Species of
bacteria can receive genes from other closely related species
through horizontal gene transfer; this adds to the genetic
variation of different strains of bacterial species. Events of
horizontal gene transfer can result in differences in adaptation
characteristics to different ecologies among species of bacteria.
Antimicrobial resistance genes and plasmids which confer
pathogenic character can be transferred from one species of
bacteria in to another. These transferred genetic substances give
bacteria better adaptive characters so that they can effectively
escape host defense mechanisms. Horizontal gene transfer thus
increases bacterial genetic diversification. The organization of
bacterial genes into operons may reflect an evolutionary history
of horizontal genetic transfer where by selfish operons may
present themselves as a package of functionally coupled genes
(genes involved in the same biological function up on
integration into various genomes). Horizontal gene transfer in
this case is usually limited to operons with simple, nonessential
cellular functions. Although the rate of recombination in
bacteria is rare, recombination can add up to result acquisition
of genetic characters for altered adaptation from other
organisms due to the enormous population sizes of bacteria.
Besides horizontal gene transfer, another
mechanism of genetic diversification in bacteria [8,9].

mutation is

There is size and DNA composition variation among the
genomes of prokaryotes. The degree of genetic variation
observed in prokaryotes is by far higher than that observed in
that of eukaryotes.

E. coli has numerous commensal and pathogenic variants which
are highly variable in terms of gene content and which may have
undergone various episodes of gene rearrangements including
gene acquisition and loss. Hence it can be employed as a model
organism in the study of evolutionary processes of prokaryotes.
E. coli lives in diverse forms in nature. E. coli genetic diversity has
been studied from the standpoint of traits such as antibiotic
resistance, susceptibility to bacteriophage, DNA hybridization,
restriction fragment length polymorphisms, DNA sequences,
insertion sequences, plasmids, etc. There is high linkage
disequilibrium in E. coli populations resulting in highly
nonrandom combinations of alleles at different loci.
Reproduction is largely asexual, with insufficient genetic
recombination. Plasmids and other extra chromosomal genetic
elements represent a special category because of their ability to
transfer  horizontally among clones of the species.
Phylogenetically, E. coli has recently been classified into eight
groups: A, B1, B2, C, D, E and F. There are key genomic islands

that determine the resulting genetic and phenotypic differences
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among variants of the species of E. coli. Pathogenic strains, for
example, contain genomic regions with virulence genes that
code for different traits like colonization, invasion, secretion of
toxic compounds, etc. Current knowledge of genotypic and
phenotypic diversity in the species E. coli is based almost entirely
on strains recovered from humans or zoo animals. Observed
genetic diversity of E. coli exhibits both host, taxonomic and
environmental components. The genetic structure of E. coli is
shaped by combined host and environmental factors; genomic
determinants involved in characters like virulence of the bacteria
reflect the species’ adaptability to different habitats [10-13].

The species of E. coli have served as good models for the study of
evolution in prokaryotes. It is, therefore, of advantage to review
literatures written on the genetic diversity of E. coli as this can
add to the accumulation of academic knowledge on the
diversification and speciation characteristics of prokaryotes in
general and of bacteria in particular. Research works published
by various researchers were browsed from google scholar and
pub med data bases for this review. An attempt was made to
include peer reviewed, online available, open access articles.
Meta-analysis reviews, systematic reviews and articles with
contents of only an abstract were excluded.

Escherichia coli genome dynamics, intra species
variation and adaptation

The genomes of microbes display different degree of variability
among different strains. The most stable microbial genomes
identified so far are those of the genus Buchnera aphidicola. They
are believed to have undergone no rearrangements or horizontal
gene transfers in their genomes during the past many years
despite high nucleotide substitution rates. The E. coli genome in
contrast, is among those bacterial species which show high
genome variability with high ratio of rearrangements to
substitutions, i.e., there is higher fixation rate for mutations that
alter genomic structures relative to the effect of nucleotide
substitutions. One reason for the pronounced evolutionary
dynamics of E. coli and other related bacterial species may be a
result of high recombination frequencies at the open replication
forks of their genomes that lead to symmetric translocation and
inversion events. Insertion Sequence (IS) elements may be
important mediators of such gene rearrangements by offering
multiple
initiated. Insertion deletion rearrangements are other factors
that account for increased genome flexibility. Generally, E. coli
and other related bacterial genomes show high structural and
functional variability, and the degree of genome flexibility is
dependent on the content of repeated and mobile sequences
such as IS elements, plasmids and phages. Although most
analyses have focused on pathogenic organisms, the increased

sequences among which recombination can be

variation in the genome content of E. coli and related bacterial
genomes is not to be left to pathogenic species only [14].

The E. coli genome consists of two parts: A core genome (a
mosaic-like structure) which encodes essential cellular functions
and flexible genomic parts which are interspersed variable
regions. The core genome of a species is phylogenetically
relatively stable. It contains essential genes which are shared by
all strains of a species those genes whose functions are always
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needed. Genes in this region are not subject to transfer among
strains except under rare conditions. If such genes are subject to
transfer, they are replaced by a functioning resident copy of a
foreign gene with the same activity, usually an ortholog. Genes
that belong to the flexible genomic regions code for factors
involved in fitness and adaptation of the organism to different
environments.

Pathogenic as well as nonpathogenic strains carry mobile and
accessory genetic elements such as plasmids, bacteriophages,
genomic islands and others, which code for adaptive traits of the
bacteria. Genome dynamics processes like gene transfer, genome
reduction, rearrangements and point mutations contribute to
the adaptation of the bacteria into different environments.
Genetic elements which are found in the flexible region are
involved in such genome dynamics processes. There is high
degree of flexibility in the E. coli genome as is seen in the fact
that the genomes of many strains do share only a certain percent
of their coding capacity, i.e., only a certain portion of the coding
region of the E. coli genome is shared among different strains.

The genome segment surrounding the replication terminus
displays the most variation in chromosome size and organization
of the E. coli genome most probably due to increased levels of
recombination in this region. Horizontal gene transfer adds to
genetic variation in genomic content among different strains of
E. coli; the contribution of horizontal gene transfer is, in fact,
greater than all forms of mutations. Horizontal gene transfer can
take place between different organisms through transformation
(uptake of DNA from the environment), transduction
(packaging and transport of bacterial DNA by viruses), and
conjugation (bacterial mating). Much of the horizontally
transferred DNA is part of the flexible gene pool. Virulence
genes of pathogenic strains, for example, are found on mobile
genetic elements such as genomic islands (dynamic, ancient
integrative elements in bacterial evolution which are important
adaptation),
bacteriophages, plasmids or transposons. Virulence genes can
thus be transferred from one E. coli bacteria to another or can be
acquired from other species of bacteria and contribute to the
development of adaptive characters of different pathogenic E.
coli strains [15-17].

sources of genomic  diversification and

Horizontal gene transfer may produce mosaic chromosomes
comprised of genes which differ in ancestries and duration in
the genome. Horizontally transferred genes in E. coli
chromosomes mostly get inserted next to tRNA loci. This is a
site. where lysogenic phages get inserted; bacteriophages thus
serve as vehicles for the introduction of horizontally transferred
genes in these sites. Horizontal gene transfer has contributed to
the emergence of pathogenic strains and new adaptive traits in

E. coli.

There is variation in base composition of the E. coli genome in
which variation in base composition occurs due to biases in
mutation rates in the four nucleotide bases: A, T, C and G. This
phenomenon serves as a basis for identifying horizontally
transferred genes in the flexible region of the E. coli genome.
initially have the base
composition of the donor genome. After they are transferred to a

Horizontally transferred genes

recipient genome, the genes are subject to  mutational
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processes which take place in the recipient genome; the acquired
gene sequences will thus undergo substitutions and finally will
reflect the DNA composition of the recipient genome. This is
called ‘gene amelioration’. This process of adjustment of the
acquired gene sequences to the base composition of the
recipient genome is a function of the relative rate of G/C to
A/T mutations. Based on substitution rates estimated for E. coli
and the mutational bias of this species, it is possible to predict
the amount of time required for a transferred gene to fully
resemble native DNA because the nucleotide composition at
each position of horizontally transferred genes ameliorates at a
characteristic rate.

Variation in the rate of amelioration at each codon position
gives a unique property to horizontally transferred genes and
allows scientists to estimate the amount of time a transferred
gene has been residing in a genome. Recently transferred genes
show the patterns of nucleotide composition which resemble
that of the donor genome, and fully ameliorated genes show the
nucleotide compositions which resemble that of the recipient E.
coli genome. According to amelioration analysis, much of the
recently acquired E. coli DNA includes IS elements, remnants of
prophages, and other sequences. On the other hand, the rate of
horizontal gene transfer can be estimated by analyzing the
amount of horizontally transferred DNA and the time period
the transferred gene has been residing in the recipient genome.
Although chromosome size of E. coli isolates do vary, the E. coli
genome has not shown a steady increase in size over the
evolutionary periods because chromosome lengths are conserved
in E. coli. This implies that, on an evolutionary timescale,
increases in genome size due to the acquisition of horizontally
transferred sequences are compensated by equivalent losses of
DNA through deletion. These processes of gene gain and gene
loss result in an extremely dynamic genome in which substantial
amounts of DNA are introduced into and/or deleted from
which bring about
characters of the species.

chromosomes change in adaptation

E. coli have long been used as a model for genetic research; it is
thus the ideal microorganism for studies at the genomic level.
Mutation is a biological force that derives variation; therefore
assessment of mutation rates of a species is important to
understand the ecological and evolutionary characteristics of the
species. Mutations may occur due to errors in DNA replication.
There is generally low rate of spontaneous mutation in the
genome of wild type E. coli species due to an enhanced accuracy
of DNA replication and many enzymatic activities which control
and repair DNA among which is Methyl directed Mismatch
Repair (MMR) which controls newly replicated DNA. In this
enzymatic activity, mismatched bases, if any, are detected and
enzymes are recruited to destroy the new DNA strand with
mismatched bases; re-polymerization is then undertaken using
the old DNA strand as a template. Spontaneous mutation rate
in wild type E. coli is thus lower than other microbes which do
not undergo MMR. Although MMR is found in all domains of
life, some bacterial strains isolated from natural environments
often do not undergo this process in their genomes. In this case,
MMR deficient strains are likely to be dominant after long term
evolution. Loss of MMR increases mutation rate in E. coli by
favoring base pair substitution mutations. Certain domestic E.
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coli strains may have lost their MMR capacity over evolutionary
periods and thus exhibit higher genome mutability. Base pair
substitution mutations usually occur in coding regions of the
strains than in non-coding regions. This shows that MMR
pathway mainly prevents errors of replication in the coding
regions of the wild type E. coli genome rendering coding regions
less susceptible to mutation than non-coding regions; mutations
occurring in non-coding regions may be usually neutral and
contribute less to the adaptability of the species. There are many
factors that contribute to continuous adaptation as far as
mutation is concerned: The amount of time required for a
beneficial mutation to be fixed in a population, selective
advantage of the beneficial mutation, the population size, and
random genetic drift. As discussed above, horizontal gene
transfer is another biological phenomenon that leads to the
genetic diversity and altered adaptability of E. coli. Horizontal
gene transfer makes the tree of life hypothesis of evolution of
less effect in that genes are not only acquired vertically from
parent to offspring; they can also be acquired horizontally from
a neighboring organism.

Mutation and recombination of vertically inherited genes can
give novel characters to offspring generation resulting in species
diversification which may be much pronounced over long
periods of time but horizontally acquired genes can better add
to species diversity by integrating entirely new genes in to a
species genome there by creating more novel characters with in
short periods of time. The rate of horizontal gene transfer in E.
coli and other bacteria depends on: Availability of environmental
DNA; rate of integration of foreign DNA into recipient genome
by conjugation, transformation, and transduction; degree of
successful integration of foreign DNA into recipient genome;
probability of fixation of the new allele; and degree of the
benefit resulted from the expression of the integrated gene. In
prokaryotes like E. coli, horizontal gene transfer has greater
potential of effecting species genetic diversification than
mutation. Mutations can promote adaptability of a species by
modifying there by
contributing to a gradual ecological expansion of a species while

existing functions to some degree
horizontal gene transfer renders a species effectively adaptive to
a new habitat by integrating new DNA into the species genome
there by giving the species genome completely new adaptive
character the introduction of foreign DNA is more effective in

creating better adapted traits than genomic rearrangements

[18,19].

Variants of the species of E. coli are adapted to various host
organisms; E. coli lives as a commensal in the gut of animals and
humans, as a pathogen causing a wide range of infections, and
as model organism for various biological applications. Among
the many isolates, only the strains K-12, B, C, and W are
commonly used in the laboratory. These strains and their
derivatives are designated as risk group 1 organisms in biological
safety guidelines. K-12 strain is the reference strain which was
used in the sequencing of the first E. coli genome. E. coli W has
the largest chromosome of all the sequenced standard laboratory
strains having 4,901 Kbps. Comparatively its genome is similar
in size to the commensal E. coli strain SE11 which has a
chromosome size of 4,888 Kbps but it is smaller than most
sequenced pathogenic strains. 89% of the chromosome of K-12
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strains is comprised of 4,764 genes with 82 non-coding RNA
genes and has 4288 protein coding genes. These standard
laboratory strains of E. coli belong to phylogenetic group A;
commensal strains are mainly found in phylogroups A or Bl
while pathogenic strains belong to remaining phylogroups.

The conserved core genome of E. coli is shared with closely
related genera such as Shigella and Salmonella suggesting that
these organisms share common ancestral relation. The accessory
genomic contents have different G+C content from the core
genome. They are a result of lateral gene transfer and they give
the bacteria adaptive characters to their respective environments
such as the ability to cause pathogenicity in different mammals
or to produce some enzymes involved in cellular activities
required for survival in altered habitats. The ecological and
genetic diversity of E. coli strains is a prerequisite for the use of E.
coli as a model organism to study processes of bacterial
genome evolution. The genome contents of commensal,
pathogenic and laboratory strains of E. coli are heterogeneous.
There is sequence alteration in the vicinity of tRNA genes due
to the integration of foreign DNA fragments. The insertion of
genomic islands or pathogenicity islands and plasmids into
tRNA loci has been described in many pathogenic and
nonpathogenic bacteria. Insertion sequences also play important
roles in helping strains of E. coli to evolve and adapt to new
environments. Generally, the gene content variation and degree
of genomic alteration among both pathogenic and commensal
E. coli isolates is very high. This may be indicative of frequent
acquisition of foreign DNA by horizontal gene transfer and
processes of gene gain and deletion during the evolution of the
genome of the bacteria [20,21].

Methods employed to study genetic diversity of
Escherichia coli

Information about the intra species genetic variation within
bacteria helps to identify and classify different strains as well as
to examine evolutionary divergence and population dynamics of
different species. Various methods exist for observing genetic
variation in E. coli strains. In this section we will discuss selected
examples of molecular methods used to study the genetic
diversity of different E. coli sub types in different habitats.

Analysis of Simple Sequence Repeats (SSRs

Simple sequence repeats are tracts of repetitive DNA in which
certain DNA motifs variable in length are repeated many times.
They may occur at numerous locations within an organism's
genome. They have a higher mutation rate than other areas of
DNA and this high mutation rate leads to high genetic diversity
or polymorphism to this area of the genome. They represent
hyper mutable loci of the genome which is thus subject to
reversible changes in length [22,23].

Several such repeats of DNA sequences are found in the E. coli
genome. Mutations resulting in these repeats of DNA may result
in their expansion or contraction. Such mutations can be
introduced during various cellular processes affecting the DNA,
and different
mechanisms. There are different classes of these tandem repeats

including replication, recombination repair
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such as long SSRs, short SSRs, mono nucleotide SSR,
dinucleotide SSR, etc. Gur-Arie and his colleagues screened an
entire genome of E. coli K-12 strains for the presence, locations,
and composition of simple sequence repeats. They tested their
observations against the null hypotheses that simple sequence
repeats are randomly distributed among coding and non-coding
regions of the specified E. coli strain. They wanted to show that
simple sequence repeats are unevenly distributed among coding
and non-coding regions and that these repeats are polymorphic
among E. coli strains and thus can be used to characterize the
different strains of E. coli. Computer based genome-wide
screening of the DNA sequence of Escherichia coli strain K-12 was
employed to assess the distribution of these simple sequence
repeats across the genome. Their results confirmed that simple
sequence repeats in E. coli are numerous and diverse in terms of
length and repeat number and showed that they are widely
distributed throughout the genome a total of 235,495 simple
sequence repeats were found which were distributed evenly
throughout the genome. To assess the likelihood that simple
sequence repeats might affect gene expression resulting in
diversification, the positions of all simple sequence repeats in
the genome with regard to open reading frames were examined.
A DNA sequence immediately upstream of an open reading
frame contains regulatory elements that play important roles in
controlling gene expression.

The presence and variation of simple sequence repeats in
upstream regulatory elements might affect the expression of
open reading frames in such a way that it can turn either on or
off gene expression, or the effect can be quantitative wise
affecting the amount of genes to be expressed. In eukaryotes
simple sequence repeats are located in non-coding regions of the
genome that have little or no effect on gene expression. Because
of the compact nature of prokaryotic genomes, intergenic
regions are usually short, and simple sequence repeats in non-
coding regions are found upstream open reading frames where
their variation can affect gene expression. In the E. coli strain
under the aforementioned study, many of the simple sequence
repeats were found to be localized up to 200 bps from the ATG,
the first codon of open reading frames. DNA sequence analyses
showed that a number of mononucleotide simple sequence
repeats on non-coding regions upstream open reading frames
were polymorphic, exhibiting two to four alleles for each simple
sequence repeat number. Screening for polymorphisms among
strains of E. coli was conducted at 14 arbitrarily chosen loci
containing simple sequence repeats. DNA at chosen loci was
amplified by PCR using primers flanking the particular SSR
locus. Repeat number polymorphism at the ycgW locus was
observed as differential mobility of radioactively labeled
amplification ~ products  through  polyacrylamide  gels
demonstrating hyper variable singlelocus DNA fingerprint
bands distinguishing among E. coli strains; four of the examined
SSRs exhibited length polymorphism among strains of E. coli.
All four polymorphic sites shared similar characteristics in that
they involved mono-nucleotide SSRs in non-coding regions
Simple
polymorphism in E. coli is therefore important for genome wide

upstream open reading frames. sequence repeat

variation assessment, strain identification, etc. [24].
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Analysis of Repetitive Extragenic Palindromic
(REP sequences

Repetitive palindrome sequences are major components of the
bacterial genome. They include inverted repeats and they can be
found singly or in adjacent copies in the genome. These
repetitive sequences show polymorphism across different strains
and have been used to compare the genomes of E. coli strains in
studies of environmental sources of fecal contamination. One
approach to detect the source of fecal contamination is to
compare genetic profiles of E. coli strains isolated from
contaminated water with strains collected from suspected
sources.

A general assumption can be made such that a hostspecific
genetic structure exists across the E. coli population [25].
McLellan, et al. characterized E. coli from different host sources
of fecal pollution: Sewage treatment from residential areas,
expected to be of human sources; birds from lake beaches; and
cattle from farm sites within watershed. The genetic diversity of
strains from the different host sources was characterized by using
DNA fingerprints generated by REP-PCR with REP primers. E.
coli isolates that were collected from a single bird fecal sample
gave identical REP fingerprint patterns for majority of isolates
analyzed with few exceptions. Similar results were obtained with
isolates obtained from human and cattle samples. In contrast, a
high degree of genetic variation was found among fingerprint
patterns of E. coli isolates collected from different bird and
human fecal samples. The cattle isolates demonstrated the
highest degree of genetic similarity among strains; identical
strains occurred across different farm sites as well as within
single farms. REP-PCR finger prints generated from the
different hosts (bird, cattle, human) were generally diverse in
this study.

DISCUSSION

In another study, the polymorphism of the Clustered Regularly
Inter-Spaced Short Palindromic Repeat (CRISPR) regions of
Enterohemorrhagic Escherichia coli (EHEC) was assessed with an
aim to design PCR assays for the different EHEC serotypes.
CRISPRs contain tandem sequences containing direct repeats of
21 to 47 bps separated by spacers of similar size. This study
focused on the CRISPR loci of EHEC strains associated with
the most frequent clinical cases with the aim to identify
conserved CRISPR motifs associated with EHEC strains of the
main 7 serotypes. Sequencing the CRISPR loci of various EHEC
strains has shown the genetic diversity of its sequences derived
from EHEC O157:H7, O26:H11, O145:H28, O103:H2,
O111:H8, O121:H19, and O45:H2 strains. The CRISPR PCR
assays developed in the stated study strongly correlated with
both O:H serotypes and the presence of EHEC virulence factors
(stx and eae genes). In general, the CRISPR locus of
enterohemorrhagic E. coli exhibits polymorphism, the different
sub strains EHEC can thus be identified through specifically
designed primers by PCR [26].
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Multi Locus Sequence Typing (MLST)

This is a technique used for the sequencing of internal
fragments of multiple housekeeping genes of microbial
genomes. MLST is used to characterize strains by their unique
allelic profiles. It has been used to assign E. coli strains into
different phylogenetic groups. E. coli consist of a number of
distinct phylogeny-groups and strains of the different phylogeny-
groups vary in their host preferences, phenotypic characteristics
and the tendency to cause disease. Therefore we can learn a lot
by assigning strains of E. coli into one of the known phylogeny-
groups. A method of assigning E. coli strains into different
groups depending on the presence/absence of two genes chuA
and yjaA and a DNA fragment TSPE4.C2 was developed by
Clermont and his colleagues in the year 2000. Validation of this
method was based on few strains which were limited to human
and human related hosts. No further study has been undertaken
to validate the study in a wide range of strains from variety of
hosts. Multi-locus sequence typing data for isolates of E. coli was
used to determine the frequency with which E. coli strains can be
appropriately assigned to phylogeny-groups established by
Clermont and his colleagues. Strains from different host ranges
were used. Population assignment algorithms such as BAPS
(Bayesian Analysis of Population Structure) and neighbor
joining were used to assign strains to phylogeny-groups based on
the multi-locus sequence typing data. The analyses revealed that
85%-90% of E. coli strains can be assigned to a phylogeny-group
and that 80%-85% of the phylogeny-group memberships
assigned using the Clermont method are correct [27].

Similarly, multi locus sequence typing was used to investigate the
genetic relatedness among shigatoxin producing E. coli (STEC)
strains isolated from animal food supply and from humans
diagnosed with gastroenteritis. Seven housekeeping genes
described for STEC were amplified by PCR, sequenced, and
analyzed by MLST. characterized by allele
composition and Sequence Type (ST); and the diversity
association within and among different sources of the strains
was examined. E. coli O157:H7 occurred at a higher rate in
slaughterhouse and retail samples than at farm or in humans in
this study. The most common shigatoxin in this study was
shigatoxin ST171, a shigatoxin common to enterotoxigenic E.

Isolates were

coli and atypical enteropathogenic.

From this MLST analysis, it was possible to conclude that
enterohemorrhagic E. coli pathogenic strains are present along

the supply chain at different levels and with varying relatedness
[28].

Restriction Fragment Length Polymorphism
(RFLP) analysis

Restriction fragment length as the name indicates is a measure
of the difference in the length of homologous DNA sequence
fragments which can be detected after digestion of homologous
DNA  with Resulting
restriction fragments can be separated according to their length
by gel electrophoresis. An RFLP probe, a labeled DNA sequence
hybridizes with one or more fragments of the digested DNA
sample after they are separated by gel electrophoresis, thus

specific  restriction endonucleases.
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revealing a unique band pattern characteristic to a specific
genotype at a specific locus [29].

The RFLP analysis method has been used for the study of
plasmids such as those resistance plasmids harboring drug
resistance genes. Sun, et al. analyzed the multi-drug resistance
plasmid PXZ isolated from E. coli
aminoglycosides. The objective of this study was to characterize
the multi-drug resistant plasmid which mediates resistance to
beta-lactams, fosfomycin and aminoglycosides, from E. coli

strains resistant to

isolates and to detect the prevalence of similar resistance
plasmids in 224 E. coli isolates by designing a multiplex PCR
assay. The plasmid was digested in to different fragments with
restriction enzymes EcoRI and Sall, and sequenced. The
plasmid was digested into five fragments by EcoRI and six
fragments by Sall. The finding was a novel multi drug resistant
plasmid, PXZ, harboring four resistance genes (rmtB, fosA3,
blaTEM-1 and blaCTX-M). Primers were designed according to
resultant digests and the prevalence of similar resistance
plasmids was then assessed by multiplex PCR and by RFLP
analysis among different E. coli strains. Among the 224 E. coli
isolates, 17 contained a plasmid with the MDR encoding region
of pXZ, which showed high-level resistance to amino glycosides.

Random Amplified Polymorphic DNA (RAPD

markers

RAPD analysis is a type of polymerase chain reaction in which
the DNA segments amplified are random. There is no need to
know the DNA sequence of the target gene. This technique
of DNA without the need for
sequencing or characterization of the genome of the species to
be studied as the primers will bind somewhere in the target
DNA sequence. A primer which binds to many different loci is
used to amplify random sequences from a complex DNA
template in the genome on the assumption that a given DNA
sequence which is complementary to the primer will occur in
the genome. The amplified fragment generated by PCR depends
on the length and size of both the primer and the target
genome. These amplified products may be separated on agarose
gels and visualized by ethidium bromide staining [30].

requires small amounts

This technique was used in the analysis of the epidemiological
relationship of Extended Spectrum Beta (B) Lactamase (ESBL)
producing pathogenic E. coli strains isolated from children by
Amaya and his colleagues in 2011. These were strains which
exhibited resistance to the third generation cephalosporins
(cefotaxime, ceftriaxone and ceftazidime). Thirteen E. coli isolates
producing ESBLs were selected for RAPD analysis. The analysis
revealed that these E. coli isolates could be separated into five
clones based on the analysis. Resistance to ceftazidime and/or
ceftriaxone and a pattern of multi-drug resistance was related to
CTX-M-5- or CTX-M-15-producing E. coli isolates. One of the
clones contained one diarrheagenic and one non-diarrheagenic
isolates producing the beta lactamase enzyme CTXM-5 from
children with diarrhea, which could indicate the transfer of
resistance genes from non-pathogenic to pathogenic bacteria. In
a similar study by the same author, RAPD analysis of isolated E.
the epidemiological
relationships between E. coli isolates producing ESBL from the

coli strains was done to evaluate
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hospital sewage water samples and from well-water samples.
This analysis was carried out in 22 E. coli isolates from the well
water samples and 17 from the hospital sewage water samples.
RAPD analysis revealed that 17 resistant E. coli isolates from
the hospital sewage water sample could be separated into
11 clones and that the isolates from the well-water samples could
be separated into five clones. E. coli producing ESBL and
harboring blaCTX-M genes were detected in one of the
hospital sewage samples and in 26% of the resistant isolates from
the well-water samples.

The blaCTX-M-9 group was more prevalent in E. coli isolates
from the hospital sewage samples and the blaCTX-M-1 group
was more prevalent in the well-water samples. The analysis did
not show any clonal similarity between the ESBL-producing E.
coli isolates from the wells and the hospital sewage water
samples. Therefore, RAPD markers can be used for the
assessment of clonal similarity and difference among different E.
coli strains.

Detection of known virulence genes from
pathogenic Escherichia coli by PCR

Escherichia coli are groups of diverse species comprising both
commensal and pathogenic strains. Pathogenic strains can cause
infections of the mammalian intestine resulting in diarrhea or
extra intestinal infections. The primary habitat of these bacteria
is the gut of vertebrates, where they live as a commensals and
their secondary habitat is water and sediment [31]. Based on
virulence and colonization factors encoded in the chromosomal
or plasmids, pathogenic E. coli bacteria have been grouped in to
different strains including: Enteroinvasive E. coli strains (EIEC)
which  possess genes like wirF and  ipaH;
Enteropathogenic E. coli (EPEC) that possess a
pathogenicity island in their genome called Locus of Enterocyte
Effacement (LEE) which encodes for the target gene intimin,
designated as eae (there are classes of Enteropathogenic E. coli
strain group called typical enteropathogenic E. coli which
contain EPEC Adherence Factor (EAF) plasmid which codes for
the target gene bundle forming pillus (bfp) in addition to LEE);
Enterotoxigenic E.coli (ETEC) that possess heat labile and heat
stable enterotoxin genes (LT, ST); shiga toxin producing E. coli
also called verotoxin producing E. coli that possess shiga toxin
genes (stxI and stx2); Enteroaggregative E.coli (EAEC) which
produce pic and other toxins. Different molecular primers have

invasion
strains

been designed according to the target genes of pathogenic
strains. The diversity of pathogenic strains in different animal
and human hosts can be analyzed by amplification of the
different strain associated target genes by PCR.

Host and environment based genetic structure of

Escherichia coli

Escherichia coli are among the best characterized microorganisms.
They are ecologically and genetically diverse organisms and live
in many different habitats both in the environment and in
human and animal hosts. E. coli are mainly harmless bacteria
however they frequently exhibit significant pathogenicity
towards humans and animals [32].
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Because of the extensive genetic diversity the E. coli group
displays, it is difficult to put a generalized picture of the
environment and host related genetic structure of these bacteria.
The bacteria show remarkable genetic diversity from host to host
and from environment to environment and even within the
same host and environment. Here, it has been tried to compile
genetic structure data of different E. coli populations obtained
from different published researches conducted by different
researchers in different places. According to Tenaillon, et al.,
genetic diversity of E. coli exhibits host, taxonomic and
environmental components. Genetic diversity is variable among
human host populations with the highest genetic diversity
observed in populations living in tropical areas. Domesticated
animals have lower strain diversity than wild animals. Strains of
phylogeny group A and B2 are predominant in humans while a
predominance of Bl strains followed by A and B2 strains is
observed in animals. However, this variation in the prevalence
of phylogeny groups does not guarantee the existence of host-
specific strains. Only a few strains seem to be host specific. Host
characteristics such as diet, gut morphology and body mass, and
to be important predictors of the
distribution of the phylogeny groups. Domesticated animals
have a decreased proportion of B2 strains than wild animals and
increased proportion of A strains. Similarly, large changes in the

domestication seem

prevalence of E. coli groups are found among different human
populations. Commensal strains isolated from Europe (France
and Croatia) in the 1980’s and from Africa (Mali and Benin),
Asia (Pakistan), and South America (French Guiana, Colombia
and Bolivia) belong mainly to the A and Bl phylogenetic
groups. Conversely, strains isolated from Europe (France and
Sweden) in the 2000’s and from North America (USA), Japan
and Australia belong mainly to the B2 group. A study made in
Australia among pathogenic E. coli strains recovered from
human hosts with extra intestinal infections evaluated whether
isolates within the same infection site were genetically related.

The isolates exhibited extensive genetic diversity in that human
hosts were infected either by several distinct E. coli clones or by
members of a single clone. Isolates also showed varied resistance
patterns to anti-bacterials. This study concluded that strains
isolated from a specific infection site were genetically diverse
with host and environment related factors contributing to the
fitness and adaptability of E. coli clones in human hosts during
infections. The courses of adaptability of strains in the human
host were thought to be similar to in witro experimental
evolutionary processes [33].

Furthermore, 395 non diarrheagenic isolates (270 from children
with diarrhea and 125 from children without diarrhea) and 332
diarrheagenic E. coli isolates (241 from children with diarrhea
and 91 from children without diarrhea) were analyzed in a study
made in Central America, Nicaragua to assess the antimicrobial
resistance patterns of E. coli in children. Among individual E.
coli categories, enteroaggregative E. coli isolates from children
with and without diarrhea exhibited significantly higher levels of
resistance to ampicillin and trimethoprim-sulfamethoxazole
compared to the other E. coli categories due to resistance genes
that produce the beta lactamase enzymes CTX-M-5- or CTX-
M-15.
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Similarly, another study was made in France by Clermont and
his colleagues on a panel of E. coli strains to assess the genetic
back ground of human and animal pathogenic isolates.
Phylogenetic analysis from multiple locus sequence typing data
of the pathogenic isolates showed that pathogenic animal and
human strains are genetically related as exhibited by their
sharing of many common virulence genes. Few E. coli strains
isolated from animals exhibited specificity to certain adhesins in
this study. This study concluded that human and animal
pathogenic strains share common genetic backgrounds. This
study also analyzed the phylogenetic relationship between strains
isolated from intestinal and extra intestinal infection sites and it
showed that most intestinal infections are caused by B2
phylogeny groups while most extra intestinal infections are
caused by phylogeny groups A, B1 and E.

A related study was done in South America, The Guiana on the
genetic structure of human and animal E. coli populations. This
study demonstrated that most animal isolates majorly belonged
to B2 phylogenetic group while B2 isolates were rare among
human isolates.

Animal isolates exhibited unique and infrequent sequence types
with many virulence genes but the human isolates exhibited few
virulence genes. High housekeeping gene nucleotide diversity
per site was also observed among the E. coli strains in this study.

Petty, et al., conducted a study on a globally disseminated multi-
drug resistant E. coli clone designated Escherichia coli sequence
type 131 (ST131) that is associated with human urinary tract and
bloodstream infections. A genome sequencing of a large
collection of E. coli ST131 strains isolated from six geographical
regions across the world (Australia, Canada, India, Spain,
United Kingdom, New Zealand) revealed that E. coli ST131
strains are distinct from other extra intestinal pathogenic and
that they may have probably evolved from a single progenitor
strain. Three closely related E. coli ST131 sub lineages were
identified which did not exhibit geographical or temporal
genetic variation. Lineages displayed single-nucleotide variations
with each other due to recombination in their regions adjacent
to mobile genetic elements. Four different variants of the
Extended Spectrum B-lactamase (CTX-M ESBL) resistance gene
were identified in these strains which may have led to the
evolution and worldwide dispersal of the strain. The study
concluded that the rapid emergence and spread of these multi-
drug resistant strains may be related to high virulence gene
content, the possession of species specific fimbriae (FimH30
allele), and the production of Extended Spectrum B-Lactamase
(ESBL) in addition to mobile genetic elements and associated
recombination events.

A study made in Canada, British Colombia to assess the
temporal genetic diversity of E. coli strains isolated from forests
with watershed showed that the genetic diversity of E. coli
isolates varied among seasons over the years exhibiting relatively
higher genetic diversity during fall. Majority of REP-PCR
fingerprints in this study showed a tendency to cluster according
to year, season, and month indicating that the diversity and
population structure of E. coli strains fluctuate according to time
scale due to presence of diverse host sources with varying
behaviors over time in the watershed [34].
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Another study was made in Denmark on the genetic diversity of
E. coli populations isolated from nursery pigs located at different
pigpens (pig houses) in the same farm. The aim of the study was
to investigate how the genetic diversity of E. coli in fecal samples
differs between pigs located in the same pigpen or in different
pigpens in the same farm.

REP-PCR was used to assess genetic diversity. A high genetic
diversity of E. coli strains was observed at the pigpen level and
between pigpens among isolated strains the REP-PCR DNA
fingerprint analysis showed extensive genetic diversity among E.
coli strains isolated from different pigs regardless of whether they
shared the same pigpen or not [35].

Moreover, a study was made in Qatar on the genetic relatedness
of Enterohemorrhagic E. coli strains isolated from animal meat
taken from different food supply chains and in human patients
with  gastroenteritis. housekeeping  genes  of
enterohaemorrhagic E. coli varieties were amplified by PCR,
sequenced, and analyzed by multi locus sequence typing. Isolates

Seven

were characterized by allele composition, sequence type and
assessed for epidemiological relationship within and among
different sources. The study showed that the strains isolated
from food supply chains were genetically diverse but the strains
isolated from human patients were more genetically diverse
probably due to the poly-clonal diversity in the human
macrobiotic environment.

In A crosssectional study conducted in Bahirdar, Ethiopia in
422 children less than five years of age with diarrhea from
December 2011 to February 2012, the overall isolation rate of E.
coli was 48.3% and isolates belonging to enteropathogenic E.coli
were the most commonly isolated strains [36-47].

CONCLUSION

Genetic diversity is a measure of the variation of organisms at
the genetic level; it may involve whole chromosomes, some
segment of DNA, or specific nucleotide bases. Genetic diversity
is affected by factors like mutation, natural selection, genetic
drift, migration, and population size. Prokaryotes can better be
classified in to different species based on their genomic features
because they display extensive genetic variation compared to
Eukaryotes. E. coli and other related bacteria possess extra
chromosomal genetic materials like plasmids which can be
transferred from one bacterium to another or from the
environment into bacterial genomes through horizontal gene
transfer. Horizontal gene transfer promotes bacterial genetic
diversity by helping bacteria to evolve into new adapted strains.
E. coli is one of the best studied bacterial species and has been
used as a model organism in different genetic studies.

E. coli bacteria live in a wide range of environments: As
commensals in the gut of animals and humans, freely in the
environment, and as pathogens causing many human and
animal diseases. E. coli genomes contain core genome
containing essential genes and accessory genomic content which
is involved in adaptive characters. It is the accessory genome
which is highly variable from strain to strain and contains
mobile genetic elements such as plasmids, insertion sequences,

bacteriophages, etc., which are the agents of horizontal gene
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transfer. It is possible to estimate the age horizontally transferred
genes through gene amelioration studies. Horizontal gene
transfer contributes more to the genetic diversity of E. coli than
mutation. Horizontal gene transfer can take place in E. coli in
three different mechanisms: Transduction, transformation, and
conjugation. Domestic E. coli isolates often undergo high
mutation rates in their genomes due to a reduced or deficient
methyl mismatch repair activity. Different molecular techniques
have been developed to measure the genetic diversity of E. coli
strains isolated from different habitats including the analysis of
simple sequence repeats, repetitive palindrome sequences, multi
locus analysis, restriction fragment length polymorphism,
randomly amplified polymorphic DNA analysis etc. E. coli
bacteria are generally genetically diverse showing tremendous
diversity from host to host and from environment to
environment; isolates obtained from the same host and
environment or even the same specific site exhibit significant
genetic diversity. Host and environment genetic diversity of
these bacteria doesn’t seem to show clear species or strain
specific pattern.
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