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We analyzed a collection of 97 well-characterized Burkholderia cepacia genomovar III isolates to evaluate
multiple genomic typing systems, including pulsed-field gel electrophoresis (PFGE), BOX-PCR fingerprinting
and random amplified polymorphic DNA (RAPD) typing. The typeability, reproducibility, and discriminatory
power of these techniques were evaluated, and the results were compared to each other and to data obtained
in previous studies by using multilocus restriction typing (MLRT). All methods showed excellent typeability.
PFGE with SpeI was more reproducible than RAPD and BOX-PCR fingerprinting. The discriminatory power
of the methods was variable, with PFGE and RAPD typing having a higher index of discrimination than
BOX-PCR fingerprinting. In general, the results obtained by PFGE, BOX-PCR fingerprinting, and MLRT were
in good agreement. Our data indicate that different genomic-based methods can be used to type B. cepacia
genomovar III isolates depending on the situation and the epidemiologic question being addressed. PFGE and
RAPD fingerprinting are best suited to addressing small-scale studies (i.e., local epidemiology), whereas
BOX-PCR fingerprinting is more appropriate for large-scale studies (i.e., global epidemiology). In this regard,
BOX-PCR fingerprinting can be considered a rapid and easy alternative to MLRT.

Cystic fibrosis (CF) is the most common hereditary disease
in Caucasian populations. Clinical manifestations of CF result
from a disturbance in electrolyte transport that primarily af-
fects the respiratory and digestive systems. The CF lung is
particularly susceptible to infection with a variety of opportu-
nistic bacteria (9, 14), and exacerbations of chronic infection
cause significant morbidity and mortality (36). Among the bac-
terial species capable of causing infection in CF are those
belonging to the Burkholderia cepacia complex, which is cur-
rently comprised of nine closely related genomic species or
genomovars (11, 21, 45). Recent work has demonstrated that
the majority of infected CF patients harbor either B. cepacia
genomovar III or Burkholderia multivorans (genomovar II) (1,
25, 38). Furthermore, limited data suggest that B. cepacia
genomovar III (or perhaps certain specific strains within geno-
movar III) may be relatively more virulent than other species
in this complex (3, 12, 19).

The broad-spectrum antimicrobial resistance, absence of a
vaccine, and virulence of certain strains have made prevention
of B. cepacia complex infection an important goal in CF patient
care (21, 22). However, much still remains unknown regarding
the epidemiology of infection in CF. A number of previous
studies have demonstrated transmission of B. cepacia complex
strains between persons with CF (for reviews, see references
15, 16, 21, and 22). More recent studies indicate that the
natural environment is also a likely reservoir for acquisition of
B. cepacia complex strains (4, 24). Better risk assessment of
potential sources of infection and the development of optimal
infection control policies rely on a more complete understand-

ing of the molecular epidemiology of B. cepacia complex in-
fection in CF.

A number of methods have been used to establish relation-
ships between B. cepacia complex isolates, including pheno-
typic assays, such as serotyping, antimicrobial susceptibility
typing, bacteriocin typing, and biotyping (33, 34). In recent
years, phenotypic methods have been largely replaced by ge-
notypic methods, including macrorestriction digestion of chro-
mosomal DNA followed by pulsed-field gel electrophoresis
(PFGE) and various PCR-based fingerprinting techniques (2,
31, 43, 44, 48). Among these, PFGE is generally considered the
“gold standard” in bacteriological typing (2, 31, 40), and a
number of studies have applied PFGE in studies assessing B.
cepacia complex epidemiology (1, 7, 10, 37, 46). PCR-based
fingerprinting with short random primers (31, 32, 42) or prim-
ers directed against repetitive sequences in the bacterial ge-
nome (31, 35, 42, 48) are also increasingly being used for typing
B. cepacia complex organisms (5, 7, 26, 28–30, 37). Recently,
we introduced multilocus restriction typing (MLRT) as yet
another method for genotyping B. cepacia complex (10). In
MLRT, genomic diversity is indexed through restriction frag-
ment length polymorphism analysis of several housekeeping
genes. MLRT is particularly well suited to studies analyzing B.
cepacia complex isolates collected in large-scale epidemiologic
studies (10).

In the present study, we compared results obtained with
PFGE and repetitive sequence PCR by using a BOX A1R
primer (BOX-PCR fingerprinting) for a set of 97 epidemiolog-
ically well-characterized B. cepacia genomovar III isolates. A
subset of these 97 isolates was also analyzed by using random
amplified polymorphic DNA (RAPD) typing. Typeability, re-
producibility, and discriminatory power of all techniques were
compared to each other and to MLRT data obtained in pre-
vious studies.
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MATERIALS AND METHODS

Bacterial strains, growth conditions, and species identification. Isolates were
obtained from the B. cepacia Research Laboratory and Repository (University of
Michigan, Ann Arbor, Mich.) (Table 1) and had been identified as B. cepacia
genomovar III by using ribosomal DNA (rDNA)- and recA-based PCR assays, as
previously described (23, 27). Approximately two-thirds (n � 66) were recovered
from CF sputum culture from persons receiving care in 23 CF treatment centers
throughout North America; the rest of the isolates were recovered from soil. All
had been typed previously by one or more genotyping methods, including PFGE
or MLRT (10). Several clusters of isolates from patients receiving care in the
same geographic region were included in this set. Isolates from frozen stocks
were grown aerobically on Mueller-Hinton broth (Becton Dickinson) supple-
mented with 2.2% (wt/vol) agar and incubated overnight at 32°C.

Macrorestriction digest and pulsed field gel electrophoresis. Single bacterial
colonies were removed from an agar plate, suspended in 1 ml of SE buffer (75
mM NaCl, 25 mM EDTA [pH 7.4]), pelleted by centrifugation at 4,300 � g for
3 min, washed 3 times in 1 ml of SE buffer, and resuspended in 0.5 ml of SE
buffer. The optical density at 620 nm was adjusted to approximately 1.0. Two
hundred microliters of the cell suspension was homogenized with 200 �l of 2%
low-melting-temperature agarose (Sigma, St Louis, Mo.) in 0.5� TBE buffer (45
mM Tris-borate, 1 mM EDTA) and poured into a plug mold. After 15 min at
4°C, agarose plugs were placed in 10 ml of PEN buffer (1.0% N-lauryl sarcosine,
500 mM EDTA [pH 9.6]) containing 1 mg of protease ml�1. After incubation at
37°C in a rocking incubator for 12 to 18 h, plugs were washed four times for 1 h
per wash with 1� TE buffer (10 mM Tris-HCl, 1 mM EDTA [pH 8.0]). Two-
millimeter-wide plug sections were cut and incubated for 4 h with 5 U of SpeI
(Promega, Madison, Wis.) in 115 �l of digestion buffer. DNA fragments were
separated in 1% PFGE-certified agarose (Bio-Rad, Hercules, Calif.) by using a
CHEF DRIII system (Bio-Rad). Plugs containing digested DNA of B. cepacia
strain AU2725 were included on each gel to allow intra- and intergel normal-
ization. A current of 5.0 V/cm was applied for 25 h, with pulse times of 30 to 70 s
(linear ramping). Gels were stained with ethidium bromide and visualized with
UV illumination. Gel images were digitized using a GelDoc2000 gel analyzer
(Bio-Rad) and stored as TIF files. Digitized images were converted, normalized
with the reference lanes (containing DNA from strain AU2725), and analyzed by
using Molecular Analyst Fingerprinting Plus software (Bio-Rad). The rolling
disk background subtraction method was applied, and similarity matrices of
densitometric curves of the gel tracks (the first 16% and last 7.5% of data points
were excluded from the analysis) were calculated by using Pearson’s product-
moment correlation coefficient. Cluster analyses of similarity matrices were per-
formed by the unweighted pair group method with arithmetic averages (UP-
GMA).

BOX-PCR fingerprinting. DNA from each isolate was prepared by heating
one colony at 95°C for 15 min in 20 �l of lysis buffer containing 0.25% (wt/vol)
sodium dodecyl sulfate (SDS) and 0.05 M NaOH. Following lysis, 180 �l of
distilled water was added, and the DNA solutions were stored at 4°C. Rep-PCR
typing with a BOX-A1R primer (5�-CTACGGCAAGGCGACGCTGACG-3�)
(BOX-PCR fingerprinting) was carried out as described previously (35). Briefly,
2 �l of DNA solution was mixed with 2 U of Taq polymerase (Gibco BRL,
Gaithersburg, Md.), 1.25 �l of 25 mM (each) of deoxynucleotide triphosphate
(Gibco BRL), 2.5 �l of dimethyl sulfoxide (DMSO), 0.4 �l of bovine serum
albumin (20 mg ml�1) (Promega), 5 �l of 5� Gitschier buffer and 1 �l of primer
(0.3 �g �l�1) in a final volume of 25 �l. Amplification was carried out with a
PTC-100 programmable thermal cycler (MJ Research, Incline Village, Nev.).
After initial denaturation for 2 min at 95°C, 35 amplification cycles were com-
pleted, each consisting of 3 s at 94°C, 30 s at 92°C, 1 min at 50°C, and 8 min at
65°C. A final extension of 8 min at 65°C was applied. PCR products were
separated on 25-cm-long 1.5% agarose gels in 0.5� TBE buffer (60 mA for 4 h
at room temperature). A 1-kb molecular weight marker (Gibco) was used mul-
tiple times on each gel to allow normalization. Following staining with ethidium
bromide and visualization by UV illumination, gels were analyzed as described
above for PFGE (the first 12.5% and last 8.5% of data points were excluded from
the analysis).

RAPD typing. DNA was prepared as described above for BOX-PCR. RAPD
fingerprinting was performed with primer RAPD-270 (5�-TGCGCGCGGG-3�)
as described previously (7, 28). Briefly, 2 �l of DNA solution was mixed with 1
U of Taq polymerase (Gibco BRL, Gaithersburg, Md.), 2.5 �l of 2.5 mM (each)
deoxynucleotide triphosphates (Gibco BRL), 0.7 �l of bovine serum albumin (20
mg ml�1) (Promega), 2.5 �l of 10� buffer (100 mM Tris-HCl [pH 8.0], 0.5 M
KCl, 30 mM MgCl2, 1.0% gelatin), and 0.4 �l of primer (100 pmol �l�1) in a final
volume of 25 �l. Amplification was carried out with a RapidCycler programma-
ble thermal cycler (Idaho Tech, Idaho Falls, Idaho). The first four amplification

cycles were each for 1 min at 94°C, 1 min at 36°C, and 2.5 min at 72°C. The
following 29 cycles were 30 s at 94°C, 30 s at 36°C, and 75 s at 72°C. A final
extension of 2 min at 72°C was applied. Numerical analysis was performed as
described above for PFGE (the first 15.75% of data points were excluded from
the analysis).

Statistical analyses. Two-tailed unpaired t tests were used to compare repro-
ducibility among replicate assays within a given typing method and were calcu-
lated by using GraphPad Prism 3.00 (GraphPad Software, San Diego, Calif.).
Discriminatory index (DI) is the probability that two isolates randomly chosen
from a population of unrelated isolates will be distinguished by a given typing
method within the confines of a specific cutoff value. DI is determined by the
number and relative frequencies of the different types defined by a given method
and is calculated by using Simpson’s index of diversity (17) as follows:

DI � 1 � 1/[N�N � 1�]�nj (nj � 1)

where N is the total number of isolates and nj is the number of isolates belonging
to the jth type. The cophenetic correlation coefficient is the product-moment
correlation between all original matrix similarities and all corresponding simi-
larity values derived from the resulting dendrogram. As such, it provides a
measure of whether or not a matrix can be faithfully represented as a bifurcating
tree. Cophenetic correlation coefficients of the UPGMA dendrograms produced
by using each typing method were calculated by using Molecular Analyst soft-
ware.

RESULTS

PFGE typing. An illustration of PFGE patterns is shown in
Fig 1. Reproducibility was checked by preparing agarose-em-
bedded DNA from 15 isolates two or more times. Similarity
coefficients between these replicates ranged between 90.7 and
97.6% (mean 	 standard deviation, 93.84% 	 2.34%). Among
the 97 isolates studied, 10 clusters could be delineated (desig-
nated P1 to P10) by using a cutoff value of 65% similarity, while
22 isolates occupied separate positions in the dendrogram (Fig.
2 and Table 1). Isolates belonging to the same cluster did not
differ by more than six bands, although in general, isolates
belonging to different clusters differed by more than six bands
(data not shown). The DI for PFGE by using a 65% similarity
cutoff value was 0.920. The cophenetic correlation coefficient
of the UPGMA dendrogram was 79.7%.

BOX-PCR fingerprinting. An illustration of BOX-PCR pat-
terns is shown in Fig. 1. Reproducibility was assessed by ob-
taining a pattern from 15 isolates two or more times. Similarity
indices between these replicates ranged between 83.6 and
97.2% (mean 	 standard deviation, 90.27% 	 3.88%). By
using a cutoff value of 70% similarity, eight clusters could be
delineated (designated B1 to B8), while 13 isolates occupied
separate positions in the dendrogram (Fig. 2 and Table 1). The
DI of BOX-PCR fingerprinting with a 70% similarity cutoff
value was 0.821. The cophenetic correlation coefficient of the
dendrogram was 96.3%.

RAPD typing. From the same set of 97 isolates analyzed by
PFGE and BOX-PCR, a subset of 31 isolates (recovered from
CF patients receiving care in four different treatment centers
in the same U.S. state) was further investigated by using RAPD
typing. An illustration of RAPD typing is shown in Fig. 1.
Reproducibility was assessed by obtaining a pattern from six
isolates two times. Similarity indices between these replicates
ranged from 71.0 to 97.4% (mean 	 standard deviation,
83.88% 	 10.39%). With a cutoff value of 80% similarity, three
clusters could be delineated (designated R1 to R3), while six
isolates occupied separate positions in the dendrogram (Fig. 3
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and Table 2). The DI for RAPD typing with an 80% similarity
cutoff value was 0.738.

Comparison of methods. We found a good correlation be-
tween PFGE and BOX-PCR fingerprinting. Most clusters de-
lineated in the dendrogram based on BOX-PCR fingerprinting
with a 70% coefficient cutoff have corresponding clusters in the
PFGE dendrogram with a 65% cutoff (Fig. 2 and Table 1).
Specifically, isolates grouping in clusters P5, P7, P9, and P10 in
the PFGE dendrogram group in clusters B3, B6, B7, and B8,
respectively, in the BOX-PCR dendrogram. The 10 isolates in
cluster P5/B3 were recovered from patients receiving care in
nine Canadian cities; these had previously been identified by
PFGE analysis as ET12, the genomovar III strain that predom-
inates among infected CF patients in Canada and the United
Kingdom (18). The 18 isolates in cluster P10/B8 were recov-
ered from CF patients receiving care in the same U.S. state.

Isolates in PFGE clusters P1, P2, P3, and P4 group together
in the BOX-PCR dendrogram in cluster B5. The isolates in
cluster P1 were recovered from patients in two large CF treat-
ment centers in the same region of the U.S. (7), while those in
P2 and P4 were recovered from soil in the same geographic
region (24).

Isolates belonging to BOX-PCR cluster B1 either group in
cluster P6 or P8 or occupy separate positions in the dendro-
gram based on PFGE. The 10 isolates in clusters P6 and P8
were recovered from patients in the same U.S. state. Cluster
B2 is composed of one isolate belonging to cluster P6 and one
isolate that occupies a separate position in the PFGE dendro-
gram. BOX-PCR cluster B4 is composed of two isolates that
occupy separate positions in the PFGE dendrogram.

In general, there was also good agreement between PFGE
and RAPD typing for the subset of 31 isolates (Fig. 3 and
Table 2). Isolates grouping in clusters P�1 and P�2 in the PFGE
dendrogram group in clusters R1 and R3, respectively, in the
RAPD dendrogram with a cutoff of 80%. Isolates AU2718 and
AU0604 group together in PFGE cluster P�3; these isolates
group together with isolate AU0824 in RAPD cluster R3. The
discriminatory powers of PFGE (DI � 0.712) and RAPD (DI
� 0.738) were similar for this data set.

We also compared the results obtained with BOX-PCR and
PFGE with those previously obtained with MLRT analysis of
the same set of 97 isolates (10; and T. Coenye and J. J. LiPuma,
submitted for publication). MLRT allows the grouping of iso-
lates in a hierarchical fashion such that isolates are first
grouped by restriction type (RT), consisting of a unique com-
bination of RFLP profiles for five genetic loci. RTs are then
grouped into clonal complexes, defined as groups in which
each RT is identical to at least one other RT at three or more
of the five loci (T. Coenye and J. J. LiPuma, submitted for
publication). For the data set used in this study, the DI of
MLRT is 0.952 when using the RT as a cutoff; the DI is
considerably lower (0.756) when the cutoff is placed at the
clonal complex level. As reported previously (10), there was a
good correlation between data obtained with MLRT and data
obtained with PFGE (Table 1). In the present analysis, we also
found an excellent correlation between data obtained with
MLRT and that obtained with BOX-PCR fingerprinting (Ta-
ble 1); overall, 95.9% of isolates were grouped the same by
both methods.

TABLE 1. List of isolates used and their molecular profiles

Strain designation

Molecular profile by:a

PFGE
(65% similarity)

Box
(70% similarity)

MLRTc

CC RT

AU2718 P6 B1 6 3
AU0199 P6 B2 6 4
AU0604, AU0824 s B1 6 6
AU2105 s B1 6 7
AU2107 s B1 6 8
AU1742 s B1 6 11
HI2812, HI2814, HI2808,

HI2824, HI2817, HI2816,
HI2815, HI2811, HI2813,
HI2825

P5 B3 6 17

AU2567 P8 B1 6 21
AU2638, AU1528, AU1529 P8 B1 6 23
AU2091 P8 B1 6 24
AU1443, AU1472 P8 B1 6 25
AU0067 P8 B1 6 26
AU0916 s B1 6 31
HI2227 s B2 6 146
AU2676, AU0659, AU0660,

PC184, AU0915, AU0918,
AU2589, AU0089,
AU2632, AU0897,
AU1526, AU0065,
AU0339

P10 B8 46 46

AU2697, AU2689, AU2730,
AU0603

P10 B8 46 50

AU0551 P10 B8 46 51
AU2651, AU2725 P7 B6 71 72
AU0787 s s — 75
HI2766 s B4 — 76
HI2770 s s 77 77
HI2761 s B4 77 78
HI2617 s s — 79
HI2490 s s — 80
AU0079 s s 88 66
AU2622 s s 88 88
AU0137, AU0583, AU0566 P1 B5 88 88
AU0202, PC8, HI2424, P1 B5 88 89
HI2699, HI2566, HI2429 P2 B5 88 89
AU2431, HI2426 P4 B5 88 89
HI2565 s B5 88 89
AU1217 P1 s 88 89
AU1107 P1 B5 88 90
AU1482 P1 B5 88 91
HI2571, HI2628, HI2670,

HI2677, HI2679
P2 B5 88 99

AU1547 P3 B5 88 109
AU2079 P3 B5 88 112
AU2027 P3 B5 88 114
HI2692 P4 B5 88 118
HI2576, HI2632 P4 B5 88 119
HI2555, HI2558, HI2431,

HI2577, HI2689, HI2697,
HI2691, HI2683

P4 B5 88 120

HI2485 s s — 129
AU0208 s s — 130
AU0670 P9 B7 132 132
AU1644 P9 B7 132 133
ES1405 s s — 137
ES0263 s s 138 138
ES0222 s s 141 141
AU0475 s s — 147

a Shown are clusters delineated among the profiles with PFGE with a cutoff value
of 65% similarity or among the profiles obtained with BOX-PCR with a cutoff value
of 70% similarity. MLRT data were taken from previous studies (10; T. Coenye and
J. J. LiPuma, submitted for publication). CC, clonal complex; s, separate position in
the dendrogram; —, does not belong to a clonal complex (singleton type).
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DISCUSSION

Previous studies regarding the molecular epidemiology of
infection due to B. cepacia complex species have employed a
variety of genotyping methods, including ribotyping, PFGE,
RAPD, ERIC-PCR, and BOX-PCR fingerprinting (5, 7, 10,
24, 26, 28, 29, 30, 37, 46). Among these methods, PFGE and
RAPD have emerged as the most widely used in recent studies;
however, few studies have compared different genotyping
methods in a systematic way. Bingen et al. (5) concluded that
RAPD was less discriminative than PFGE for the study of
bacteria in the B. cepacia complex. In contrast, Liu et al. (26)
showed that these methods had comparable discriminatory
power, but noted that PFGE was considerably more reproduc-
ible. These investigators also concluded that ERIC-PCR
should be considered a valid and reproducible alternative to
PFGE. However, in both studies, relatively small sets of B.
cepacia complex isolates were evaluated in the comparison of
these methods. In a more recent study, we explored the use of
MLRT as an alternative genotyping method and showed a

strong correlation between PFGE and MLRT in an analysis of
a larger set of B. cepacia genomovar III isolates (10). In the
present study, we sought to expand these findings to include
other commonly used PCR-based methods, including BOX-
PCR and RAPD typing. We also wished to more specifically
identify the strengths and weaknesses of these methods for
typing B. cepacia genomovar III, to compare these results with
MLRT, and to determine which methods are best suited for
addressing questions in the settings of local and global epide-
miology.

Several criteria have been used in evaluating bacterial geno-
typing methods, including typeability, reproducibility, discrim-
inatory power, and ease of interpretation (2, 20, 31). Typeabil-
ity describes the ability of a given method to provide a readable
result for each isolate analyzed (2, 6). All isolates included in
this study were typeable by each method used. In previous
work, we have noted that a small fraction of B. cepacia complex
isolates are refractory to PFGE typing, presumably due to the
presence of high DNase activity (data not shown).

FIG. 1. Illustration of genotyping methods with representative B. cepacia complex genomovar III isolates. PFGE, BOX-PCR, RAPD gels, and
UPGMA dendrograms were produced as described in the text. Scale bars indicate percent similarity.
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FIG. 2. Dendrograms derived from the UPGMA linkage of correlation coefficients between the PFGE patterns (left) and BOX-PCR patterns
(right). Clusters were delineated with a 65% similarity cutoff for PFGE and a 70% similarity cutoff level for BOX-PCR, as indicated by the heavy
vertical lines. Corresponding clusters are indicated by connecting arrows. (Solid, dashed, or dotted lines are included for ease of interpretation
only.)
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Reproducibility measures the ability of a technique to yield
the same result when replicate assays are performed on the
same isolate (2). In this study, we found that PFGE was sig-
nificantly more reproducible than BOX-PCR and RAPD typ-
ing (P 
 0.05). The reproducibility values of PFGE were also
in a significantly narrower range than those of BOX-PCR (P 

0.05) and RAPD (P 
 0.0001). The high reproducibility of
PFGE is in agreement with findings of most previous studies
(2, 5, 31, 37, 40). In contrast, previous studies have provided
conflicting data regarding the reproducibility of RAPD typing

(2, 5, 26, 28, 31, 32, 37, 41, 42). Excellent reproducibility was
reported by Mahenthiralingam et al. (28) and Segonds et al.
(37), while significant day-to-day variation in RAPD patterns
obtained from the same B. cepacia complex isolate was noted
by Bingen et al. (5) and Liu et al. (26). In our study, we
similarly found the reproducibility of RAPD profiles to be
rather low. Reproducibility of BOX-PCR fingerprinting was
intermediate between that of PFGE and RAPD; moreover, the
values we obtained were generally in agreement with those
reported by others (8, 35).

Discriminatory power defines the ability of a typing method
to distinguish different strains. This may be expressed as an
index that measures the probability that two unrelated strains
will be placed into different groups. Discriminatory power is
most conveniently calculated by using Simpson’s index of di-
versity (DI), which takes into account the number of types
defined by the method and the relative frequencies of these
types (2, 17). A DI value of �0.90 has been considered ade-
quate in previous assessments of genotyping methods (13, 17,
39, 47). In our study, only PFGE (with DI � 0.920, with this
data set and a 65% similarity coefficient cutoff) would meet this
stringent criterion. However, higher discriminatory power does
not necessarily always result in a more accurate representation
of epidemiologic relatedness. While this may be true in the
setting of outbreak epidemiology, in which very high discrim-
inatory power is needed to trace patient-to-patient transmis-
sion or nosocomial outbreaks, methods based on such a high
DI may very well be less suitable for the analysis of large
populations of organisms collected over extended periods of
time. This is illustrated by the results previously obtained by
using MLRT analysis of this same set of B. cepacia genomovar
III isolates. Important relationships among isolates grouped at

FIG. 3. Dendrograms derived from the UPGMA linkage of correlation coefficients between the PFGE patterns (left) and RAPD patterns
(right). Clusters were delineated with 65 and 80% similarity cutoff values for PFGE and RAPD, respectively, as indicated by the heavy vertical lines.

TABLE 2. Subset of isolates investigated by RAPD typing

Strain designation

Molecular profile bya:

PFGE
(65% similarity)

RAPD
(80% similarity)

AU2567, AU2638, AU1528,
AU1529, AU2091,
AU1443, AU1472,
AU0067

P�1 R1

AU2676, AU0659, AU0660,
AU2697, AU0551,
PC184, AU0915,
AU0089, AU0603,
AU2632, AU0897,
AU1526, AU2730,
AU0065, AU0339

P�2 R3

AU2718, AU0604 P�3 R2
AU0824 s R2
AU2105, AU2107, AU1742,

AU0670, AU0916
s s

a Shown are clusters delineated among the profiles obtained with PFGE with
a cutoff value of 65% similarity or among the profiles obtained with RAPD with
a cutoff value of 80% similarity. s, separate position in the dendrogram.

VOL. 40, 2002 TYPING METHODS FOR B. CEPACIA GENOMOVAR III 3305



the clonal complex level (i.e., employing a significantly lower
DI) are not apparent based on PFGE analysis. In this regard,
MLRT provides greater utility in allowing meaningful analysis
of relationships among isolates collected both in larger and
smaller scale (both temporal and spatial) studies (10). From
this perspective, it is important to note that, in this study, the
DI of BOX-PCR fingerprinting with a 70% similarity cutoff
(DI � 0.821) is intermediate between the DIs of MLRT anal-
ysis according to either RT (DI � 0.952) or clonal complex (DI
� 0.756)-level cutoffs. Of course, the discriminatory power of
any given typing method is determined by the data set and by
the cutoff values used. The cutoff values used in this study were
based on (i) the available epidemiologic data (i.e., geographic
location and previously determined epidemiological relation-
ships), (ii) the reproducibility of the methods, and (iii) the
cophenetic correlation coefficient. It is possible that with other
data sets, these similarity coefficient cutoff values may need to
be adjusted to better accommodate these variables.

A final criterion to consider in assessment of typing methods
is ease of performance. This includes not only performance of
the assay, but also interpretation of the resulting data. PFGE is
without doubt the more laborious and time-consuming tech-
nique among those examined. In contrast to PCR-based meth-
ods, PFGE requires a much longer time to perform (4 days
with the protocol described above) and more specialized
equipment (2, 31). BOX-PCR and RAPD fingerprinting are
significantly less cumbersome; results can be obtained within 1
working day. MLRT occupies an intermediate position in this
regard.

Whereas consensus guidelines for interpreting DNA restric-
tion patterns generated by PFGE have been published (40),
comparable criteria for interpretation of RAPD and BOX-
PCR patterns are not available. However, the PFGE interpre-
tative criteria were intended to be used only as an aid in the
visual examination of small sets of isolates related to putative
outbreaks of disease. These criteria are impractical and quite
limited for analyzing larger sets of isolates where multiple
pairwise comparisons are required. Indeed, for all the geno-
typing methods under consideration, visual comparison of
large number of complex fingerprint patterns is not only time-
consuming but also highly subjective. The use of equipment to
digitize patterns and software to perform numerical analysis of
these patterns are necessary for studies involving typing of a
significant number of isolates.

The data presented in this study indicate that there are
strengths and weaknesses among the various genotyping meth-
ods that have been used to investigate the epidemiology of B.
cepacia genomovar III. Which technique is chosen for a given
study depends not only on the preferences of the investigators
and the resources available, but most importantly on the spe-
cific epidemiologic question being addressed. Our data indi-
cate that the reproducibility of RAPD typing is not sufficient to
allow reliable comparisons across large numbers of assays in
large-scale studies. This relatively poor reproducibility also
limits the portability of results between laboratories. On the
other hand, RAPD analysis is well suited to smaller-scale stud-
ies, such as investigation of a hospital outbreak, in which a
limited number of samples is collected within a narrow time
frame. In this setting, PFGE would be a more reproducible and
portable, but also more time-consuming and expensive alter-

native. For more global epidemiological questions, involving
larger number of isolates collected over a longer time frame,
both MLRT and BOX-PCR fingerprinting might be consid-
ered the methods of choice. While data derived from MLRT
can be used for population structure analysis (10), BOX-PCR
fingerprinting has the advantage of being a more rapid and less
expensive method.
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