Epidemiol. Infect. (2006), 134, 1004-1014. © 2006 Cambridge University Press
doi:10.1017/S0950268806006145  Printed in the United Kingdom

Optimal settings of fingerprint-type analysing computer
software for the analysis of enterohaemorrhagic Escherichia coli
pulsed-field gel electrophoresis patterns
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SUMMARY

Settings of fingerprint-type analysing computer software were optimized for analysis of
enterohaemorrhagic Escherichia coli (EHEC) pulsed-field gel electrophoresis (PFGE) patterns.
Under the lowest values of parameters, maximum value of similarities calculated using the Dice
coefficient were obtained between PFGE patterns from one EHEC strain on the same gel when
reference lanes for calibration of distortions during electrophoresis were set to every fourth lane.
PFGE patterns of 15 EHEC strains on different gels were investigated. Similarity values
calculated using the Pearson product-moment correlation coefficient (Pearson correlation) were
significantly higher than those using the Dice coefficient with optimal values of parameters
determined by the program (P <0-01). When PFGE patterns of 45 EHEC strains were analysed

by the computer program, EHEC strains from one mass outbreak and three intra-family
outbreaks were each clustered and the similarity values within the clusters were >90 % using

Pearson correlation.

INTRODUCTION

Diffuse outbreaks caused by enterohemorrhagic
Escherichia coli (EHEC) are one of the most import-
ant public health problems. Analysis of EHEC
macrorestriction DNA fragment patterns generated
by pulsed-field gel electrophoresis (PFGE) is useful
for identifying the source of diffuse outbreaks in
Japan [1-3]. In Japan, a surveillance system using
PFGE pattern analysis is being investigated for
the early stage detection of diffuse EHEC outbreaks
and collaborative studies were done to compare
the quality of PFGE patterns generated by different
laboratories [4]. Visual inspection of the gels to
identify differences in band patterns was used to
pinpoint strain similarities [5]. However, visual
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inspection is problematic when many PFGE patterns
need to be compared [6] and fingerprint-type com-
puter software packages are available for use in these
situations.

The fingerprint-type analysing computer software
uses a relational database program to identify simi-
larities of PFGE patterns and construct dendrograms.
Such computer software programs enable investi-
gators to compare large numbers of complex PFGE
patterns in a short period of time [7-9]. However, the
distortions that occur during electrophoresis make
normalization of PFGE patterns among different gels
necessary to correctly evaluate genetic relationships
of bacteria [8—13]. The normalization of the PFGE
patterns can easily be done by computer programs
that use reference lanes on each gel. However, the
effect of normalization may be different, depending
on the position of the reference lanes on each gel. The
common practice of positioning of reference lanes at
only the outermost lane of a gel may give inaccurate
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normalization of PFGE patterns since these lanes are
often influenced by smiling and other distortions [7].
The position of the reference lanes is not usually
provided in publications.

Generally, two types of calculations are used by
fingerprint-type analysing software for determining
similarity of PFGE patterns. The Pearson product-
moment correlation coefficient (Pearson correlation)
[14] calculates similarity values based on densito-
metric curves of PFGE patterns. The Dice coefficient
is obtained by comparison of bands at specific
positions and uses probability theory to determine
whether the bands are similar or distinct [15].
Whether the Dice and Pearson methods for calculat-
ing similarities are comparable is unknown. Simi-
larities of PFGE patterns are calculated using the
Dice coefficient in most studies. However, when bands
of EHEC PFGE patterns sometimes overlap, they are
designated as a single band [16] and calculations of
similarity using the Dice coefficient would be incor-
rect. How to evaluate overlapping bands when using
the Dice coeflicient is unknown. Moreover, the man-
ual editing that is often needed to obtain the accurate
band position after automatic band detection [7]
also influences the results calculated using the Dice
coefficient because of individual differences in band
evaluation by investigators.

Several parameters should be set at each step of
the analysis when using fingerprint-type analysing
software. The ‘tolerance’ is the maximal allowable
shift in percentage of the pattern length between two
bands that considers these bands as matching and
applies to all calculations giving a band-matching
coefficient [17]. The ‘optimization’ parameter, present
in certain software packages, allows a shift between
any two patterns. The software will then look for the
best possible matching within the shift. The opti-
mization parameter applies to both band-matching
coefficient and densitometric curve-based coefficient
[17]. The influence of the parameter settings on simi-
larity calculations in previously reported studies is
unknown.

In this study, we examined the conditions for
normalizing the PFGE patterns both within the same,
as well as among different, gels and compared the
similarities using Dice coefficient and Pearson corre-
lation under various setting values of ‘tolerance’
and ‘optimization’. The optimal conditions and
parameter settings for normalization were used to
evaluate clustering of EHEC PFGE patterns that
included some gels with outbreak-derived strains.
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MATERIALS AND METHODS
PFGE

Briefly, strains were grown with agitation in Luria—
Bertani (LB) broth at 37 °C overnight. A volume of
70 ul of the suspensions was centrifuged at 9000 g for
5 min and resuspended in 100 ul of Salt-EDTA buffer
(75mm NaCl, 0-1m EDTA) with 4 ul of lysozyme
(25 mg/ml, Merck, Darmstadt, Germany). A volume
of 100 ul of 1% low melt agarose (Bio-Rad, Hercules,
CA, USA) was added and the mixture was dispensed
into a disposable plug mould (Bio-Rad). After solidi-
fication, the plugs were transferred to microtubes
containing lysis solution [l M NaCl, 0-1m EDTA
(pH 8:0), 0-5% Briji-58, 0-2% deoxycholate, 0-5%
sarkosyl, 1 mg/mllysozyme] and incubated at 37 °C for
2h. After lysis, the plugs were transferred to
microtubes containing proteinase K solution [0:25 m
EDTA (pH 8:0), 1% sarkosyl, 1 mg/ml proteinase K
(Merck)] and incubated at 50 °C for 18 h. After incu-
bation, the plugs were washed for 30 min once in Tris—
EDTA (TE) buffer [10 mm Tris, 1 mm EDTA (pH 8-0)]
containing 1 mM phenylmethlsulphonyl fluoride
(PMSF) (Sigma, St Louis, MO, USA) and three times
in TE buffer without PMSF. The plugs were stored at
4 °C in TE buffer until use. Before digestion, the plugs
were equilibrated in 0-1x TE buffer for 30 min and
digested by Xbal (Roche, Basel, Switzerland) at 37 °C
for 18 h. Restriction fragments were separated in 1%
pulsed field certified agarose (Bio-Rad) using the
CHEF DRIII system (Bio-Rad). A 20-well sample
comb (Bio-Rad) was used to make 20 lanes on a gel.
A 1 DNA ladder marker (BMA, Rockland, ME, USA)
was used as molecular weight standard. The conditions
of switching and run time were from 4 to 8 s for 9 h
and from 8 to 50 s for 13 h at 200 V. Images of banding
patterns were saved as TIFF files using Gel Print200i/
VGA (Bio Image, MI, Ann Arbor, USA).

Computerized analysis of EHEC PFGE patterns

Fingerprinting II version 3 (Bio-Rad) software was
used to analyse PFGE patterns. Spectral analysis of
the densitometric curve was carried out to obtain
setting values of background subtraction and least-
square filtering. After those values were set, a
band search was done automatically under default
setting parameters. Active reference was set to the
48-5-630-5 kbp fragments of the molecular-weight
markers to normalize PFGE patterns. PFGE patterns
on different gels were normalized for compression or
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Fig. 1. Location of molecular-weight marker and setting of reference lanes. R, Lane was set as reference lane; X, lane was

excluded on calculation of similarity.

stretch by matching reference lanes on individual gels
to the active reference lane.

Similarities were calculated by both Dice coefficient
and Pearson correlations. The optimal values of
tolerance and optimization were calculated by the
software. In Dice coefficient analysis, the bands
that were present from 48-5 to 630-5 kbp were sub-
jected to similar calculation. Following the automatic
detection of bands, the bands that were outside
the 48-5-630-5kbp range were excluded from
analysis by manual deletion. In Pearson correlation
analysis, the densitometric curves between 48-5 and
630-5 kbp were subjected to similarity calculations.
The resulting dendrogram was made by the un-
weighted pair-group method using arithmetic aver-
ages (UPGMA).

Normalization and analysis of parameter settings
for similarity calculation of PFGE patterns on
the same gel

Molecular-weight markers and one arbitrarily chosen
EHEC serovar O157:H7 strain (VT1) were located
adjacent to each other on a gel. Four different setting
patterns of reference lanes were tested. First, lanes
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1, 3, 5,9, 11, 13, 15, 17 and 19 were used to set
molecular-weight markers as reference, representing
references set at every second lane. Second, lanes 1, 5,
9, 13 and 17 of molecular-weight markers were set
as reference lanes, representing reference lanes set at
every fourth lane. Third, lanes 1, 7, 13 and 19 of
molecular-weight markers were set as reference lanes,
representing references set at every sixth lane. Fourth,
lanes 1, 9 and 19 of molecular-weight markers were
set as reference lanes, representing references set at
every eighth lane (Fig. 1).

The similarities between two lanes of EHEC PFGE
patterns on a gel were analysed by reading the
similarity values from the dendrogram. Because lane
20 was not captured by two reference lanes and was
not adjoined to one reference lane when settings
were every fourth or every eighth lane (Fig. 1), it was
excluded from similarity calculations when those
settings were used.

Normalization and analysis of parameter settings for
similarity calculation on different gels

Fifteen EHEC serovar O157:H7 strains, isolated
from both epidemiologically unrelated patients
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and asymptomatic carriers, were investigated. Out
of the 15 strains, three strains produced VTI1, one
strain produced VT2, and 11 strains produced
VT1 and VT2. All 15 strains were analysed twice
using PFGE. The most appropriate setting patterns
of reference lanes were used for this experiment.
The similarities of the PFGE patterns from the
same strain between lanes on two different gels were
calculated.

Clustering analysis of EHEC PFGE patterns

Forty-one EHEC strains which were isolated
from patients and asymptomatic carriers during
2002 in the Chiba prefecture of Japan were studied.
Out of 41 strains, 25 strains were serovar O157:H7,
six strains were serovar O26:HI11, and 13 strains
were serovar O103:H2. Out of the 25 serovar
O157:H7 strains, one strain produced VTI1, 14
strains produced VT2, and 10 strains produced VT1
and VT2. One VTIl-producing strain was derived
from a sporadic case. In the 14 VT2-producing
strains, two strains were derived from ‘intra-family
A’ outbreak, two strains were derived from ‘intra-
family B’ outbreak, and 10 strains each were
derived from sporadic cases. In the 10 VTI1- and
VT2-producing strains, two were derived from
‘intra-family C’ outbreak and eight were each
derived from each sporadic cases. All of the six
serovar O26:H11 strains produced VT1. Out of the
six strains, three were derived from ‘intra-family D’
outbreak and three were derived from each sporadic
case. All of the 13 serovar O103:H2 strains pro-
duced VT1 and were derived from a single mass
outbreak. The tested strains were analysed by
PFGE with five different gels. The most appropriate
setting pattern of reference lanes was used for this
experiment. The similarities were calculated and a
dendrogram was constructed.

Statistical analysis

The similarities calculated by the Dice coefficient
under computer analysing parameters and with the
arbitrarily increased parameters were compared using
Wilcoxon signed-rank test analysis. The similarities
calculated by either Dice coefficient or Pearson
correlation were compared using Wilcoxon signed-
rank test analysis. Statistical significance was at the
P <0-01 level.
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RESULTS

Normalization and analysis of parameter settings for
similarity calculation on the same gel

The values of 0-21% ‘tolerance’ and 0% ‘optimiz-
ation” were obtained using automatic software
analysis. When the similarities were calculated using
the Dice coefficient under the computer analysed
parameters, the median value of the similarities was
72 % even though references were set at every second
lane. The similarities were significantly increased
with all of the reference lane setting patterns when
tolerances were raised to 0-5, 0-75 and 1:0%. The
similarities between all combinations of lanes on a gel
were 99-99 % under 0-75% tolerance and 0-5% opti-
mization when references were set at every fourth
lane, under 1:0% tolerance and 0% optimization
when references were set at every second, or under
1:0% tolerance and 0-5% optimization when refer-
ences were set at every sixth and eighth lane.

Using Pearson correlation and the computer
analysed optimization, the similarities were over
90% with all reference lane setting patterns. The
similarities using Pearson correlation were signifi-
cantly higher than that using Dice coefficient. The
similarities using Pearson correlation were slightly
improved when optimization was raised to 0-25%,
but not significantly (Table 1).

Normalization and analysis of parameter settings for
similarity calculation on different gels

In this analysis, the outermost lanes of a gel were not
used and every fourth lane was a reference. The values
of 0-:32 % tolerance and 0 % optimization on two gels
were obtained automatically by the computer soft-
ware. When the similarities were calculated using Dice
coefficient under the computer analysing parameters,
the median value of the similarities was 63%. A
significant increase of the similarities was observed
when tolerance was raised to 0-5, 0-75 and 1-0%.
Significantly higher similarity values were obtained
using Pearson correlation with the computer analys-
ing optimization when compared to those obtained
using Dice coefficient under tolerances of 0-32 and
0-5% (Table 2).

Decreases of the similarities were observed in 11
out of 15 strains, according to the increase of par-
ameter values. When the tolerance was raised from
0-5 to 0-75 %, the similarities of EHEC strains 1, 2, 4,
5, 6,7 and 11 were decreased. This adverse effect was
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Table 1. Impact of setting patterns of reference lanes, calculating method, and parameter settings on similarity

of banding patterns
Parameter setting
Optimization
Reference  Calculating
lane method Tolerance 0 0-25 0-5 0-75 10
Every 2nd  Dice coeff. 0-21 72 (35-91)* 78 (77-91) 78 (77-91) 78 (77-91) 78 (77-91)
lane 0-5 97 (91-100) 96 (96-100) 99 (96-100) 99 (96-100) 99 (96—100)
0-75 98 (98-100) 100 (99-100) 100 (99-100) 100 (99-100) 100 (99-100)
1-0 100 (99-100)  Identicalt Identical Identical Identical
Pearson corr.  — 96 (90-98) 97 (96-98) 97 (96-98) 97 (96-98) 97 (96-98)
Every 4th  Dice coeff. 0-21 50 (24-92) 78 (76-92) 79 (77-92) 79 (77-92) 79 (77-92)
lane 0-5 94 (84-100) 95 (95-100) 100 (96-100) 100 (96—100) 100 (96—100)
0-75 97 (97-100) 100 (100-100)f  Identical Identical Identical
1-0 100 (99-100)  Identical Identical Identical Identical
Pearson corr. — 94 (92-94) 96 (96-99) 96 (96-99) 96 (96-99) 96 (96-99)
Every 6th  Dice coeff. 0-21 54 (54-86) 84 (76-97) 84 (76-97) 84 (76-97) 84 (76-97)
lane 0-5 97 (82-100) 100 (94-100) 100 (94-100) 100 (94-100) 100 (94-100)
0-75 100 (87-100) 100 (97-100) 100 (99-100) 100 (99-100) 100 (99—-100)
1-0 97 (97-100) 99 (99-100) Identical Identical Identical
Pearson corr. — 96 (94-98) 96 (96-99) 96 (96-99) 96 (96-99) 96 (96-99)
Every 8th  Dice coeff. 0-21 68 (67-88) 78 (74-90) 78 (74-90) 78 (74-90) 78 (74-90)
lane 0-5 96 (81-100) 98 (91-100) 98 (93-100) 98 (93-100) 98 (93-100)
0-75 100 (92-100) 99 (98-100) 98 (98-100) 98 (98-100) 98 (98-100)
1-0 99 (98-100)  Identical Identical Identical Identical
Pearson corr. — 95 (95-97) 98 (95-99) 98 (95-99) 98 (95-99) 98 (95-99)

* Median (10 percentile—90 percentile) values of similarity of EHEC PFGE patterns.

1 All values of similarities were 99-99 %.

1 The similarities of three combinations of lanes on a gel were 99 %.

Table 2. Change in similarities of 15 EHEC strains associated with different methods of calculation and
parameter settings

Parameter setting

Optimization

Calculating

method Tolerance 0 0-25 0-5 0-75 1-0

Dice coeff. 0-32 63 (23-87)* 75 (37-93) 72 (60-93) 76 (63-93) 76 (63-93)
0-5 76 (37-95) 96 (54-100) 96 (71-100) 96 (85-100) 96 (88-100)
0-75 95 (58-100) 95 (75-100) 96 (85-100) 96 (90-100) 96 (90-100)
10 96 (74-100) 96 (87-100) 97 (91-100) 97 (92-100) 97 (93-100)

Pearson corr. — 96 (83-97) 96 (92-98) 97 (92-98) 97 (92-98) 97 (92-98)

* Median (10 percentile—90 percentile) values of similarity of EHEC PFGE patterns.

also observed when tolerance was raised from 0-75 to
1:0% in EHEC 5, 6, 8 and 9 and in EHEC 3, 6, 8, 9
and 10 when ‘optimization’ was raised (Table 3).

It was impossible to obtain the 100% maximum
value of the similarities calculated using the Dice co-
efficient in nine out of 15 strains, even though 1-:0%
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tolerance and 1-0% optimization were set for the
calculation. Out of the nine strains tested, there were
differences in two bands in one strain and one band
in eight strains with automatic band detection.
These phenomena were due to different sensitivity of
band detection at peak-shoulder in four strains and
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Table 3. Adverse effect similarities of EHEC strains according to changes in parameters

Parameter setting

Optimization

Strain (toxigenicity) Method Tolerance 0 0-25 0-5 075 10
EHEC 1 (VT1) Dice coeff. 0-32 23 37 73 73 73
0-5 37 80 87 93 93

0-75 58 75 100 100 100

1-0 74 100 100 100 100

Pearson corr. — 84 94 97 97 97

EHEC 2 (VT1 &2) Dice coeff. 0-32 63 87 87 87 87
05 75 100 100 100 100

075 93 94 96 96 96

1-0 94 98 100 100 100

Pearson corr. — 94 94 94 94 94

EHEC 3 (VT1 & 2) Dice coeff. 0-32 63 64 72 63 63
05 75 94 94 94 94

075 100 100 100 100 100

1-0 100 100 100 100 100

Pearson corr. — 96 96 96 96 96

EHEC 4 (VT1) Dice coeff. 0-32 76 76 76 76 76
05 97 97 97 97 97

0-75 95 95 95 95 95

1-0 95 95 95 95 95

Pearson corr. — 98 98 98 98 98

EHEC 5 (VT1 & 2) Dice coeff. 0-32 64 75 67 76 76
05 78 97 97 97 97

0-75 97 97 96 96 96

1-0 97 96 97 97 97

Pearson corr. — 97 97 97 97 97

EHEC 6 (VT1 & 2) Dice coeff. 0-32 64 75 67 76 76
05 78 95 95 95 95

075 93 96 92 92 92

1-0 96 93 93 93 93

Pearson corr. — 97 97 97 97 97

EHEC 7 (VT2) Dice coeff. 0-32 72 72 72 72 72
05 72 96 96 96 96

0-75 95 95 96 96 96

1-0 96 96 96 96 96

Pearson corr. — 97 97 97 97 97

EHEC 8 (VT1 & 2) Dice coeff. 0-32 35 37 43 51 51
05 37 54 63 85 86

0-75 58 91 97 95 95

1-0 74 95 91 91 91

Pearson corr. — 62 93 93 93 93

EHEC 9 (VTI & 2) Dice coeff. 0-32 23 37 67 79 76
05 37 54 71 85 93

0-75 58 75 81 87 87

1-0 70 80 84 82 82

Pearson corr. — 83 89 91 91 91

EHEC 10 (VT1 & 2) Dice coeff. 0-32 65 64 64 64 64
05 76 100 100 100 100

0-75 100 100 100 100 100

1-0 100 100 100 100 100

Pearson corr. — 96 96 96 96 96

EHEC 11 (VT1) Dice coeff. 0-32 87 87 87 87 87
05 93 93 93 93 93

0-75 92 95 95 95 95

1-0 95 95 95 95 95

Pearson corr. — 96 96 96 96 96
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difference of high-density bands in the remaining five
strains.

Clustering analysis of EHEC PFGE patterns

In this analysis, the outermost lanes of a gel were
not used and every fourth lane was set as a reference.
The values of 1% tolerance and optimization were
set when similarities were calculated using the Dice
coefficient. The similarities among strains in intra-
family A, B, C, and D cases were >90%, while
the similarity of mass outbreak-derived strains were
<90% (Fig. 2). In contrast, similarities of mass
outbreak-derived strains, as well as all intra-family
case-derived strains, were >90% using Pearson
correlation and 0-5% optimization (Fig. 3).

DISCUSSION

Our results indicated that calculating similarities of
PFGE patterns using the Dice coefficient gave con-
flicting data regarding epidemiological relationships
among EHEC strains. When the Dice coefficient was
used for calculations, the PFGE patterns of the same
strain on a gel were not normalized sufficiently under
the computer analysis parameters, even though every
second lane was set for reference. Moreover, simi-
larities of same strains on two different gels were low
when tolerance and optimization obtained by auto-
matic software analysis were used for calculation.
Increases in stringency of the analysing parameters
were necessary to improve the normalization and
obtain accurate information about the similarities of
PFGE patterns. The same tendency was observed
when the similarities of strains derived from a mass
outbreak were calculated. However, it is difficult to
determine the level of tolerance and optimization. In
the experiment using two gels, the similarities of the
same strains increased when the values of tolerance
and optimization were raised, but in nine strains,
the similarities were decreased when the values of
tolerance were increased from 0-5 to 0-75% or from
0-75 to 1%. This phenomenon should be called the
‘tolerance paradox’ and is probably due to forced
matching of unrelated bands of unrelated strains by
the increases in tolerance. We suggest that the setting
of a high tolerance value may lead to a false clustering
of unrelated strains. Davis et al. [16] also reported
that the Dice coefficient gave a poor estimate of
genetic relatedness between two isolates when PFGE
of EHEC was carried out using only one restriction
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enzyme. Calculating similarity using the Dice coef-
ficient also presents the problem of bands of EHEC
PFGE patterns that overlap each other giving the
impression of a single band [16]. The overlapped
bands would lead to incorrect similarity and an
imprecise dendrogram if calculations were done. The
problems with the Dice coefficient are likely to be
present in almost all previous investigations, leaving
in question the real genetic relatedness of the EHEC
strains that were tested. All band-matching coefficient
calculations may be subject to the same source of
inaccuracy.

In contrast, our results indicated that the Pearson
correlation was suitable for comparing EHEC PFGE
patterns. When the Pearson correlation was used for
calculation, the PFGE patterns of the same strain on a
gel were sufficiently normalized in all setting patterns
of reference lanes under the computer analysis par-
ameters. The similarities of PFGE patterns in two
different gels was >90% in all 15 strains under the
values of tolerance and optimization generated by
automatic computer software analysis. These simi-
larities were higher than those calculated using the
Dice coefficient. The similarities using the Pearson
correlation were slightly improved by an increase
in optimization, without observing the ‘tolerance
paradox’. Pearson correlation has two advantages
compared to the Dice coefficient since similarities are
calculated based on the densitometric curves of PFGE
patterns and is independent of band definition [14].
The first advantage is that Pearson correlation is
not affected by overlapping bands that may lead to
incorrect similarities when the Dice coefficient is used.
Overlapped bands are reflected in the densitometric
curve, which is the basis for calculating similarities
using the Pearson correlation. The second advantage
is that the peak-shoulder mismatches often found
with the Dice coefficient [12] are not a factor in the
Pearson correlation. In this study, the peak-shoulder
mismatches with the Dice coefficient were found
in four out of nine strains in which we could not
obtain 100 % similarities between two different gels.
The advantages of using the Pearson correlation
may be observed with other curve-based coefficient
calculation methods. A report suggesting that the
Pearson correlation is influenced when background
intensities are different [12] is contrary to our findings.
It is clear that a high-quality PFGE pattern with
low background and high contrast is important
for adequate analysis. However, the majority of
software programs can remove background noise,
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Fig. 2. Dendrogram of EHEC strains using the Dice coefficient under 1-0 % tolerance and 1-0 % optimization.
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Fig. 3. Dendrogram of EHEC strains using the Pearson correlation under 0-5% optimization.
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and minimize the influence on Pearson correlation
calculations.

Our results also indicated that a 90 % cut-off value
is appropriate when similarities of EHEC PFGE pat-
terns are calculated by Pearson correlation with 0-5%
optimization. In this study, the similarities among
all epidemiologically related strains were >90% and
<90% for all epidemiologically unrelated strains.
If clustering computer software does not have an
optimization parameter, the cut-off value should be
set lower than 90% since similarities calculated by
Pearson correlation were slightly improved when
the optimization was increased. However, a cluster
possessing over 90% similarities does not always
indicate occurrence of an outbreak since PFGE does
not sufficiently resolve bands that are near in size
[16]. The epidemiological information should be
accompanied to genetic analysis, even if computer
analysis of EHEC PFGE patterns is carried out under
optimal conditions.

In this investigation, we tried to exclude the manual
operation by automatic settings of the computer
software as much as possible. We only used manual
editing to delete some of the detected bands that
existed out of the size range of the active reference
markers when similarities were calculated using the
Dice coefficient. The densitometric curves that were
outside the range of active reference markers were
also excluded when similarities were calculated using
the Pearson correlation. Comparison of PFGE pat-
terns using similarities between bacterial strains is
widely used to investigate bacterial genetic relation-
ships. However, most papers give no information on
how to normalize PFGE patterns and the condition of
analysing parameters. The setting patterns of refer-
ence lanes are also important to normalize PFGE
patterns on either the same gel or different gels [8—13].
In this study, for analysis of parameter settings on
similarity calculation and cut-off value, the two out-
ermost lanes were not used, and every fourth lane
was used for reference. Such conditions provided
the lowest tolerance for obtaining the maximum
similarities calculated using the Dice coefficient
for comparison with similarities calculated using
the Pearson correlation. Recently, it was reported
that a Salmonella enterica serovar Braenderup strain
(H9812) was used instead of a A DNA ladder marker
because it yields a wide range of DNA restriction
fragments and facilitates accurate comparison of
PFGE patterns [18]. This new marker may provide
better normalization than a A DNA ladder marker.
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However, the conditions for normalizing both inter-
and intra-gel PFGE patterns should be investigated in
all laboratories for similarity analysis. The degree of
distortion during electrophoresis may be different
among laboratories because of variability in levels of
use and different ages of PFGE equipment.

In conclusion, Pearson correlation should be used
to calculate similarity to compare genetic relationship
of EHEC using computer software analysis of PFGE
patterns. Calibration of the distortion of PFGE is
required for proper analysis.
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