
Introduction

Water, both stagnant and flowing, is routinely moni-
tored for public health. Faecal contamination of water is
traditionally proved with the occurrence of Escherichia

coli strains [1]. Although the identified E. coli are basi-
cally nonpathogenic (commensal), their occurrence
warns against a simultaneous occurrence of the patho-
genic ones. The number of data proving a considerable
genomic diversity among E. coli strains increases steadi-
ly, and the clonal nature of the species has been definite-
ly confirmed [2]. Hence, there is a need to supplement
the quantity research of E. coli strains of water environ-
ment with quality research, demonstrating the genomic
diversity of the strains and providing information impor-
tant in terms of ecology and epidemiology. Nowadays,
there are a few kinds of DNA analyses in use which iden-

tify and characterize the interstrain diversity of bacteria,
including E. coli. They are: pulsed–field electrophoresis
(PFGE) [3], ribotyping [4, 5], ribosomal DNA hetero-
geneity [6], and repetitive extragenic palindromic-PCR
(rep-PCR) [7, 8]. The analyses, depending on the kind,
apply digestion with restriction enzyme or PCR amplifi-
cation with deliberately selected reaction primers. The
reaction products are analyzed using electrophoresis. It
results in obtaining band patterns which are specific and
characteristic for particular bacterial genomes. The band
patterns are then compared with each other, enabling the
analysis of homology/similarity degree of the identified
strains [9]. Laboratories monitoring water environment
all over the world have been more and more frequently
using rep-PCR fingerprinting methods in recent years [7].
This is due to the fact that the method is cheaper and
faster than PFGE, which is of fundamental importance
for water environment screening. Moreover, its consider-
able discrimination power makes it better than ribotyp-
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ing-based methods for determination of DNA polymor-
phism within a species. Primers of rep-PCR fingerprint-
ing reaction are homologic to the repetitive sequences,
belonging to the families of the following types: REP,
ERIC, BOX [10,11]. The characteristic feature of the se-
quences is the fact that both the number of copies per
genome and their distribution in a genome are unique and
characteristic for an individual strain/clone [12,13].
Hence, it is assumed that the detection of rep-PCR fin-
gerprinting band patterns of 100% homology/similarity
for more than one isolates allows asserting, with a con-
siderable possibility, that the same clone/strain is dealt
with.

The presented research has included the analysis of
E. coli strains identified in the area of the Wojnowskie
East and West Lakes. The rep-PCR fingerprinting method
with the use of BOX-type primer has been applied to il-
lustrate the genomic diversity of the examined strains.
Next, the obtained fingerprinting patterns have been ana-
lyzed to determine homolgy/similarity relation between
E. coli identified in the particular stands of water sam-
pling.

Materials and Methods

Object of the Study

The Wojnowskie (East and West) Lakes are situated
in the west of Poland, in Lubuskie Province. Wojnowskie
East is situated in the drainage-basin of the following
rivers: Obra Leniwa, Obrzyca, and Odra.

The Obra Leniwa River flows into the lake from the
north and flows out of the lake southwards into the Wo-
jnowskie West Lake.

So, the Obra Leniwa River flows into Wojnowskie
West Lake from the north (out of the Wojnowskie East)
and flows out southwards, as the Obrzyca River. The Wo-
jnowskie Lakes, situated along the rivers, are of an open,
flowing type, with an eight-day period of water inter-
change. The lakes are situated in the first zone of the rig-
orous protection area of a water intake for the town of
Zielona Góra. On the basis of the faecal-type coli indica-
tor, the waters of the lakes are rated as the first (the Wo-
jnowskie West Lake) and the second (the Wojnowskie
East Lake) purity classes [14].

Water Sampling

The water sampling stands have been situated in five
places (Fig. 1).

Stand I –  north of Wojnowskie East Lake, where
the Obra Leniwa River flows into the reservoir.
Stand II – in the north-central part of Wojnowskie West
Lake. Stand III – in the south-central part of the lake,
not far from the place where the Obra Leniwa River
flows into the reservoir (from Wojnowskie East Lake).

Stand IV – situated in the southern part of Wojnowskie
West Lake. Stand V – on the periphery of the southern
part of the lake, where the Obrzyca River flows out of
the lake.

In each stand water samples were drawn at two dif-
ferent depth-zones: a subsurface zone, i. e. 50 cm below
the water surface, and a bottom zone, i. e. 50 cm above
the bottom of the reservoir. Stand V was the only excep-
tion, where the samples were drawn only in the subsur-
face zone, where the lake is 2m deep. The samples were
drawn within a period of 9 months, from March to No-
vember.

Isolation of Escherichia coli

E. coli bacteria have been isolated from water sam-
ples according to Polish standards PN-77/C-04615/07.
The determination of the faecal coliform has been carried
out with the use of the fermentative test-tube method
[15]. 252 E. coli strains have been identified altogether.
The numbers of the identified strains in particular stands
and zones are presented in Table 1.

DNA Isolation and rep-PCR (BOX) Fingerprinting
Condition

18-hour E. coli cultures, growing in Luria-Bertani
bullion to the optical density OD

λ600nm
= 0.6-0.9 have com-

posed the initial material for DNA isolation. The genom-
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Fig. 1. Location of stands of water sampling in the area of the
Wojnowskie Lakes.



ic DNA has been isolated with the use of Wizard Genom-
ic DNA Purification kit (Promega), according to the pro-
cedure given by the manufacturer. The PCR reaction has
been carried out basically in a way suggested by Rade-
maker and de Bruijn [16] with some modifications.
Briefly, rep-PCR fingerprints have been obtained with
the use of the following primer: BOX A1R (5’-CTA CGG
CAA GGC GAC GCT GAC G –3’). The reaction mix-
ture of the final volume 25μl consisted of: 19μl of 10x
reaction buffer supplemented with 15mM MgCl

2

(Finnzymes) and 2 mg/ml BSA albumine (Sigma); 1μl
10mM mix nukleotydes (dNTP, Promega); 1μl 30 pmol
primer BOX A1R; 1μl polymerase DNA 2.5 U/μl
(Finnzymes), and 3μl of genomic DNA. The amplifica-
tion reaction has been carried out in PTC 200 thermalcy-
cler (MJ Reserch Inc. Watertowa) applying the following
amplification protocol: the initial denaturation 95°C,
2min, and next 30 cycles consisting of a denaturation step
94°C, 30s; annealing 50°C, 30s; extension 72°C 1min as
well as a final extension step 72°C for 4min and storage
at 4°C.

The reaction products have been analyzed elec-
trophoretically in 1.2% agarose gel (Serva), dyed with
ethidium bromide (Sigma), some photographs have been
taken. To prove the credibility of the repetitiveness of the
obtained fingerprinting patterns, the PCR reaction was
repeated three times for each strain.

Computer-Assisted rep-PCR DNA Fingerprint
Analysis

Gel images were analyzed using BIO-GENE analy-
sis software (Version 99.03, Vilber-Lourmat). The posi-
tions of the bands on each lane and each gel were nor-
malized using the 1kb DNA ladder (Fermentas) as an ex-
ternal reference standard. Fingerprint images were added
to a database and compared in a statistical analysis. The
similarity between the strains was determined on the
basis of the Jaccard similarity coefficient with a 5-per-
cent confidence interval. A database has been built in

the form of a matrix expressing (in percentage) all the
homologies/similarities of rep-PCR fingerprints result-
ing from the comparison of the electrophoretical paths
with each other. The dendrogram was constructed on the
basis of the averaged similarity of the matrix with the
use of the algorithm of the Unweighted Pair-Group
Method (UPGMA). The data of the matrixes obtained
from BioGene sofware have been further used in Stat-
graphics (version Plus 5). Categorical crosstabulation
analysis (row by column frequency test) has been used
to show the frequency of occurrence of strains of partic-
ular similarity groups in particular stands of water sam-
pling. The nearest neighbour-joining clustering method
has been used to show relations between similar groups
of the dendrogram and the stand of water sampling, on
one hand, and the date of water sampling and the zone
on the other hand.

Results and Discussion

The genomic diversity analysis of 252 strains of E.

coli has been carried out with the use of the rep-PCR fin-
gerprinting method with BOX-type primer.

Complex patterns of fingerprints have been obtained
for all the examined strains. Generally, the elec-
trophoretic analysis of the PCR reaction products has re-
vealed that the number of bands in particular elec-
trophoretic paths ranged from 8-18. The sizes of the PCR
products ranged from slightly less than 250 bp to about
4,000 bp. Products ranging from 350-400bp have com-
monly occurred. The greatest diversity of DNA frag-
ments have been observed within the range of
400bp–1,500bp (Fig. 2).

UPGMA statistical analysis has been used to deter-
mine mutual homology/similarity relations among the
strains. The received dendrogram has grouped the 252
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Table 1. Number of E. coli strains identified in stands and zones
of water sampling.

Fig. 2. Representative picture of rep-PCR (BOX) fingerprints
of E. coli strains of stand IV.
M – 1kb DNA Ladder, size marker (Fermentas); Lane1-2 –
strains of similarity group A; 3-5 – strains of similarity group
B; 6-8 similarity group D; 9 and 10 – similarity group E; 13-15
–group G; 16- group I; 17-19 –group J.
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Fig. 3.  Homology/similarity dendrogram of 252 E. coli strains.
A-J similarity group denotations; X/Y/Z stand for month of water sampling (roman number) /sampling zone marked S (subsurface) or
B (bottom) /stand of water sampling (roman number), respectively.



strains of E. coli into ten similarity groups (Fig. 3). Each
group has demonstrated a characteristic number of strains
as well as separate inter- and intra-group similarity rela-
tions. Groups C, E, D and H reveal the highest interstrain
similarity of features (100->50%). Groups B (100-
35.4%), I (100-33%), A (100-27.7%) and J (100-23.3%)
reveal the highest heterogeneity, and so the span of inter-
group similarity. The homology relations between the
groups are diverse – from 53.5% to 7.7%. Groups C, D
and E remain in the highest mutual relations (>50%).
Groups F, G and H reveal 50-40% similarity in decreas-
ing order. Groups with a clear inner heterogeneity such
as A, B, I and J remain also in low intergroup similarity
relations (7.7%, 24%, 33%, 16.2%, respectively, Fig. 3.)
The detailed analysis of similarity relations with respect
to the identification of the source of the strains was not
possible because of a nonpoint character of the origin of
the strains. Categorical crosstabulation analysis has been
applied to show the relation between the stand of water
sampling, where the strains have been identified, and
their affiliation to the presented similarity groups. The
flowing character of the lakes makes the relations be-
tween the affiliation of the strains to a similarity group
and the suitable stands of water sampling differ consid-
erably (Table 2). Strains that have been classified to
a similarity group appearing for the first time in a given
stand along the way of the water flowing through the
basin, have been assumed as characteristic/specific.
Strains identified in stand I belong to three similarity
groups: C, F and I. Strains derived from stand II have also
distributed into three, but different similarity groups:
A, D and H.

Stand III is represented by seven similarity groups.
Strains occurring in this stand, apart from the ones that
are characteristic exclusively for stand III (group E), af-
filiate with groups specific both for stand I (groups C, F
and I) as well as stand II (groups A, D and H). E. coli

identified in stand IV distribute to as many as eight simi-

larity groups. The strains discovered here affiliate with
groups characteristic for stands situated higher: I, III
(similarity groups F, I) and stands: II, III (similarity
groups A, D and E) as well as three other similarity
groups. Since groups B, G and J have not occurred in
stands situated higher, but have occurred in stand IV, it
has been assumed that they characterize specific strains
of the stand. Strains of stand V have been classified to
similarity groups B and J, also characteristic for strains
of stand IV as well as groups D and F, which comprise
strains from more than a single stand out of the ones sit-
uated higher, such as stands II and IV (group D) and
stands I and IV (group F). Strains of stand V, situated in
the place where the Obrzyca River flows out of the Wo-
jnowskie Lakes, reveal lower diversity when compared
to E. coli of stand IV. In order to confirm the fact that the
received picture of distribution of the strains is not the ef-
fect of random events but a certain regularity, the analy-
sis has been improved by including the date of water
sampling. Although the water samples were not always
drawn in the same period of time (month) in all the
stands, the date of water sampling has been assumed to
be the factor proving the repetitiveness of the observed
relations.

The nearest neighbour-joining clustering method has
been used to illustrate relations considering the dates and
the zones of water sampling (Fig. 4). The plot presents
the distribution of strains with regard to the stand of
water sampling, the similarity group and the months of
sampling. The picture presents 2-5 clusters composed of
strains from 2-5 months of drawing for particular simi-
larity groups in subsequent stands of water sampling. De-
spite the fact that the regularity of water sampling was
not maintained, the particular clusters demonstrate dis-
tinct regularity of occurrence of strains of particular sim-
ilarity groups in particular stands. It should be empha-
sised that each of the similarity group has revealed a con-
siderable percentage of strains of 100% – pattern simi-
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Table 2. Frequency of occurrence of E. coli strains of particular stands in relation to homology/similarity groups of dendrogram. 

row-by-column frequency test
Similarity groups represented by strains of particular stands have been typed on a grey background.



larity, although they were identified in different stands
and in different time periods (Fig. 3). The full homology
of patterns among such strains proves their mobility from
one stand to another. The probability of such interpreta-
tion increases the fact that the water interchange in the
examined basin takes place every 8 days. Additional evi-
dence confirming the possibility are the bibliography re-
ports on quite long periods of E. coli surveillance outside
its natural habitat (30-120 days) [17].

Taking the zones of sampling into consideration has
revealed that the strains are conveyed in the subsurface
zone in the vast majority of cases. The largest number of
strains of 100% pattern homology within the similarity
groups has been found in this zone. Generally, groups
with higher inter-diversity of similarity relations reveal a
higher percentage of strains of the bottom zone (e. g.
group A). Only group G, characteristic for strains of
stand IV, is different.

Despite the compact structure of the inter-group sim-
ilarity (50-40%), it consists exclusively of the bottom
zone strains. The observation proves that the picture of
micro-variability expressed in diversification both within
and between the similarity groups, is also reflected by the
ability of strains to live temporarily in different zones of
a water reservoir.

The calculated frequency of occurrence of strains of
particular similarity groups in each stand (Table 2), as
well as the known frequency of water sampling (Fig. 4)
enabled (in a form of mean values expressed in percent-
age), estimation of the E. coli population structure in
a given stand with regard to the contingent of strains de-
rived from stands situated higher (Fig. 5).

Stands I and II are located the furthest distance from
the other ones. Waters within these stands do not unite and
so their characteristic/specific strains reveal an individual
character of genomic polymorphism expressed in sepa-
rate similarity groups in the dendrogram. The structure of
E. coli population within the area of stand III consists of:

specific strains – in 16.67%, strains of stand I – 42.05%
and strains of stand II – 41.28%. In stand IV the specific
strains constitute 38.84% of the population (groups B, G,
J together, Fig. 5); 15.5% of the population flows in from
stand I and 34.04% from stand II; 11.62% of the popula-
tion consists of stand III’s contingent. The E. coli popula-
tion of stand V comes from strains of stand I – 24.6%,
stand II – 39.37% and 36.03% of the population consists
of specific strains of stand IV. No characteristic/specific
strains have been found for stand V, nor for stand III. The
structure of population of the identified strains in particu-
lar stands of water sampling reveals that the migration
ability of the examined E. coli through the subsequent
stands varies. It is expressed in a gradual decrease in num-
ber and/or lack of strains of particular similarity groups
in subsequent stands (Fig. 5). The observation may prove
the fact that micro-variability of strains expressed in the
affiliation to certain similarity groups is demonstrated by
a higher rate of E. coli survival in water, which is a sec-
ondary environment.

In summary, the received results indicate that apply-
ing UPGMA and nearest neighbour-joining clustering
method to the statistical analysis of rep-PCR (BOX) fin-
gerprinting made it possible to differentiate and group the
strains effectively, revealing a characteristic structure of
E. coli population for particular stands of water sampling.
The basic advantages of BOX primer, such as: the repet-
itiveness of the received patterns and the optimal degree
of complexity with relation to primers of the remaining
families of repetitive sequences, i. e. ERIC and REP, have
already been reported [16, 18, 13]. Rep-PCR fingerprint-
ing method has been successfully applied to differentiate
and group E. coli isolates depending on the known source
of their origin [3, 5, 8]. The method has been applied to
the presented research to characterize strains/clones de-
rived from nonpoint sources of contamination. The pro-
posed interpretation is simplified, since it does not use a
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Fig. 4. Plot Nearest Neighbour – Joining Method – relations be-
tween: a stand (X axis, marked as I – IV) – a similarity group
(Y axis, A-J) – a month of water sampling (Z axis).
Inside the plot, particular clusters have been marked with a let-
ter character (a similarity group). Clusters of the bottom zone
have been typed on a black background.

Fig. 5. The structure of E. coli population in particular stands
of water sampling.
Roman number under the horizontal axis – a stand of water
sampling; Asterisk above the bar – a stand of a similarity
group’s origin (*, **, ***, **** – stand I, II, III, IV respec-
tively).



database with a whole gamut of rep-PCR fingerprinting
patterns of various defined source organisms, enabling,
on the basis of the further comparison, identification of
presumed source of strains.

The presented approach made it possible to rate the
influence of the neighbouring stands on the structure of
the population of E. coli identified in particular stands of
water sampling and to what degree it results from the
characteristic/specific contingents of the particular stand.
In the face of reports on the possibility of changes in rep-
PCR fingerprint patterns for E. coli strains connected
with the change of its habitat from primary (homeother-
mal organism) into secondary (water, soil), the presented
approach seems to be justified [7, 19, 20].

Moreover, the presented method of the analysis sim-
plifies the results interpretation, particularly for flowing-
water reservoirs. Additionally, it is economical with both
time and money, which is important for routine examina-
tions of water quality [9].
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