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We compared the detection of bacteria and archaea in the coastal North Sea and at Monterey Bay, Calif.,
after fluorescence in situ hybridization (FISH) either with rRNA-targeted oligonucleotide probes monolabeled
with the cyanin dye Cy3 (oligoFISH) or with fluorescein-labeled polyribonucleotide probes (polyFISH). During
an annual cycle in German Bight surface waters, the percentages of bacteria visualized by polyFISH (annual
mean, 77% of total counts) were significantly higher than those detected by oligoFISH (53%). The fraction of
total bacteria visualized by oligoFISH declined during winter, whereas cell numbers determined by polyFISH
remained constant throughout the year. Depth profiles from Monterey Bay showed large differences in the
fraction of bacterial cells visualized by polyFISH and oligoFISH in the deeper water layers irrespective of the
season. Image-analyzed microscopy indicated that the superior detection of cells by polyFISH with fluorescein-
labeled probes in bacterioplankton samples was less a consequence of higher absolute fluorescence intensities
but was rather related to quasi-linear bleaching dynamics and to a higher signal-to-background ratio. The
relative abundances of archaea in North Sea and Monterey Bay spring samples as determined by oligoFISH
were on average higher than those determined by polyFISH. However, simultaneous hybridizations with oligo-
nucleotide probes for bacteria and archaea suggested that the oligoFISH probe ARCH915 unspecifically stained
a population of bacteria. Using either FISH technique, blooms of archaea were observed in North Sea surface
waters during the spring and summer months. Marine group II archaea (Euryarchaeota) reached >30% of total
picoplankton abundances, as determined by polyFISH. We suggest that studies of pelagic microbial community
structure using oligoFISH with monolabeled probes should focus on environments that yield detections >70%
of total cell counts, e.g., coastal surface waters during spring and summer.

Different staining techniques are available for the micro-
scopic identification of bacteria and archaea in environmental
samples (1, 8, 13, 20). Although in principle all of these meth-
ods aim at a similar goal, the elucidation of microbial commu-
nity structure, each approach is currently limited to addressing
a particular set of topics. For example, bacterial chromosomal
painting and immunofluorescence staining require the prior
cultivation of the target organism yet provide high specificity
for the detection of individual bacterial strains in environmen-
tal samples (20, 43). In contrast, general questions about the
abundances of different bacterial groups and of archaea in ma-
rine pelagic and sediment microbial communities can be an-
swered more readily by fluorescence in situ hybridization (FISH)
with rRNA-targeted oligo- and polynucleotide probes (8, 17, 22).
Since it is still poorly understood which microbial lineages
substantially contribute to the picoplankton, FISH techniques
are an increasingly popular tool for basic ecological research in
marine microbiology (5, 7, 11, 12, 18, 21, 29, 31, 38, 39).

Fluorescently labeled rRNA-targeted oligonucleotides are
used to specifically stain different members of microbial com-
munities. The specificity of the probes ranges from the phylo-
type to the kingdom, depending on the targeted region on the

rRNA (4, 9). Such probes can be readily developed and tested
to detect lineages of uncultured microbes in environmental
samples (35, 37). The signal intensity of cells hybridized with
oligonucleotide probes is directly related to the cellular rRNA
content. This allows a quantification of rRNA concentrations
both in single cells and in the environment (26, 32, 36), but it
may hamper the microscopic or flow cytometric counting of
nongrowing or starving bacteria by FISH with monolabeled
oligonucleotides (2, 27). Presently, only the cyanide dye Cy3
provides sufficient signal intensity to serve as fluorescent label
for the direct microscopic visualization of microbial assem-
blages in the marine environment by FISH with monolabeled
oligonucleotide probes (11, 17, 19, 31, 39).

Recently, poly(ribo)nucleotide probes to discriminate ma-
rine bacteria and uncultured marine archaea have been suc-
cessfully applied in the open ocean (18). Such probes are RNA
transcripts from PCR amplicons of 16S and 23S rRNA genes
from either environmental DNA or fosmid clones (8). Numer-
ous fluorescently labeled uridine molecules are incorporated
into the polynucleotides during transcription, and the probes
are subsequently hydrolyzed under controlled conditions to
obtain approximately 100-mer fragments. The fluorescently la-
beled rRNA-targeted polynucleotide probes have been report-
ed to yield higher signal intensities than oligonucleotide probes
(23, 42) and may thus represent a better means of detecting
microbes with a low ribosome content in oligotrophic habitats.

We compared the performance of the two FISH approaches
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in different water bodies and during different seasons, using
oligonucleotide and polynucleotide probes targeting bacteria
and marine group 1 (G1; crenarchaeota) and group 2 (G2; eury-
archeota) archaea (8). In addition, image analysis was applied
for evaluation of brightness parameters that were considered
relevant for microscopic quantification irrespective of the flu-
orescent label, i.e., the signal-to-background ratios and the
bleaching dynamics of FISH-stained cells in environmental
samples.

MATERIALS AND METHODS
Study sites and sample preparation. Between January and December 1998,

seawater was collected biweekly from a 1-m depth at the sampling site Helgoland
Roads (54°9�N, 7°52�E) near the island of Helgoland, which is situated 23 miles
offshore in the German Bay of the North Sea (12). Water from Monterey Bay
was collected on 12 April and 16 November 2000 with a rosette sampler at a
station 10.8 miles offshore near Moss Landing, Calif., with a total depth of 1,097
m. Samples were fixed with 3.7% (vol/vol) formaldehyde solution overnight at
4°C and filtered onto white polycarbonate membrane filters (diameter, 25 or 47
mm; Millipore, Bedford, Mass.). Monterey Bay samples were rinsed with a 2%
NaCl (wt/vol)–ethanol (50% [vol/vol]) solution, and North Sea samples were
rinsed with particle-free distilled water. Filters were air dried and stored at
�20°C until further processing.

Synthesis of polynucleotide probes. Cloning of rRNA operons, preparation of
DNA templates, and generation of fluorescently labeled polyribonucleotide
probes were carried out as described previously (8). Picoplankton DNA extracts
of samples from both the Monterey Bay and the German Bight of the North Sea
were used separately as templates to generate bacterial polynucleotide probes
for each region.

FISH with oligonucleotide probes (oligoFISH). Sections of filters were hybrid-
ized as described previously (16) with the Cy3-monolabeled probes EUB338 and
ARCH915 (Interactiva, Ulm, Germany), which are targeted to bacteria and to
archaea, respectively (3, 41). The air-dried samples were mounted in a mixture
that contained 5.5 parts Citifluor AF1 (Citifluor Ltd., London, United Kingdom),
1 part Vecta Shield (Vector Laboratories, Burlingame, Calif.), and 0.5 parts
phosphate-buffered saline; the mixture was amended with 4�,6�-diamidino-2-
phenylindole (DAPI) (final concentration, 1 �M) for counterstaining. Filters
were then evaluated on a Zeiss Axioplan microscope (Carl Zeiss, Jena, Ger-
many) equipped with an HBO 100 W Hg vapor lamp, appropriate filter sets for
Cy3 and DAPI fluorescence (34), and a 100� Plan Apochromat objective.
Between 700 and 1,000 DAPI-stained objects were counted per sample. Counts
of bacteria from the German Bight after FISH with probe EUB338 were taken
from Eilers et al. (12). Bleaching dynamics were determined with both fluores-
cein isothiocyanate (fluorescein)- and CY3-labeled probes.

FISH with polynucleotide probes (polyFISH). Fluorescein multiply labeled
probes targeted to marine pelagic crenarcheota (probe G1), euryarcheota (probe
G2), or bacteria (probe EUBAC) were used for FISH counts of environmental
samples, and both fluorescein- and CY3-labeled polynucleotide probes targeted
to bacteria were synthesized for the determination of bleaching dynamics. For
FISH, pieces of filter were placed face up onto glass slides. Only 19 of 22 samples
of the time series from the German Bight were available for counts with
EUBAC. Depending on their size, the filter sections were covered with 10 to 20
�l of hybridization solution containing 5 ng of hydrolyzed polynucleotide probe/
�l. The hybridization solution was prepared as described previously (8). The
filter was then covered by a coverslip and placed in a 50-ml plastic tube. A piece
of filter paper was placed inside the tube to maintain humidity, and 5 ml of 5�
SET (1� SET is 150 mM NaCl, 1 mM Na2EDTA, 20 mM Tris-HCl [pH 7.8]) was
added. Hybridizations were incubated for 4 h at 55°C (50% formamide; probe
EUBAC) or 65°C (70% formamide; probes G1 and G2). After hybridizations,
the samples were washed for 1 h at 55°C in washing buffer (50% formamide, 0.2�
SET). For microscopic evaluation the filter sections were embedded in the
above-described mounting mix and the percentage of FISH-stained objects was
quantified at blue (fluorescein) and UV (DAPI) excitations (8).

Image acquisition and analysis. Hybridized filter sections were inspected on
an Axioplan II Imaging microscope (Carl Zeiss) (100� Plan Apochromat lens).
Images (resolution, 1,280 by 1,024 pixels, 12 bits pixel�1) were captured with a
black and white slow-scan digital camera with approximately constant quantum
efficiency between 440 and 580 nm wavelength (ORCA; Hamamatsu, Hersching,
Germany) linked to a personal computer. Pictures were recorded and processed
with KS400 image analysis software (Carl Zeiss). Exposure times ranged between

100 and 500 ms, and identical exposure times were used for the analysis of
parallel samples with Cy3- or fluorescein-labeled oligonucleotide or polynucle-
otide probes.

Samples for the measurements of bleaching dynamics were prefiltered (1.2-�m
pore size) and incubated for 24 h at in situ temperature in the dark prior to
fixation, which typically results in a community shift towards larger gamma
proteobacteria with a higher FISH signal intensity (10). For the bleaching time
series, 50 images from one microscopic field were captured at intervals of 500 ms
at blue (fluorescein) or green (Cy3) excitation and continuous illumination. To
extend the observable bleaching period, the intensity of the 100 W mercury arc
bulb was reduced by a diaphragm in the beam path; therefore, the acquired
curves represent a minimum bleaching estimate. A binary mask image for cell
detection was produced for the first image of a series (t0), as described previously
(28). The mask image was subsequently edited, and 10 randomly distributed
background areas were added interactively. Changes in the mean grey levels of
all positive objects in the t0 image (between 50 and 200 cells per image) and of
the background areas were then measured for the whole image series. Ten image
series were averaged per sample, and the signal-to-background ratios were cal-
culated as the quotient of mean object to mean background grey levels.

For a direct comparison of cells stained by either FISH technique, double
images were acquired from the same microscopic fields at probe and DAPI
excitation wavelengths. Ten randomly selected background areas were added to
measurement masks interactively. Triplicate filter sections were analyzed per
sample, and 700 cells were randomly chosen from 10 image pairs captured on
each filter section. Image pairs were processed as described previously (33), but
the evaluation strategy was modified as follows: probe-positive objects without
DAPI signal were excluded from measurements. Measurement masks for objects
that showed both probe and DAPI fluorescence (“positives”) were produced
from images of probe staining, whereas masks for all other DAPI-stained objects
(“negatives”) were deduced from DAPI staining. Such DAPI-positive objects
without apparent probe signal were not used for the calculations of mean per cell
fluorescence intensities. They are, however, included in Fig. 4, below, in order to
depict the difference in signal-to-background ratios between probe-positive and
probe-negative cells.

Statistical analysis. The nonparametric Wilcoxon matched pair test was used
to analyze the percentages of total DAPI counts with either probe in North Sea
samples. All other differences between two groups of data were tested for
significance by using the Mann-Whitney rank sign test.

RESULTS AND DISCUSSION

Relative abundances of bacteria by oligoFISH and poly-
FISH. The percentages of DAPI counts of North Sea bacteria
that could be visualized by polyFISH were significantly higher
than those detected by oligoFISH (n � 19; P � 0.01) (Fig. 1).
During the spring and summer months (April to September),

FIG. 1. Percentages of DAPI-stained cells in the German Bight of
the North Sea (surface samples, 1998) detected by oligonucleotide
(EUB338) and polynucleotide (EUBAC) probes targeted to bacteria.
FISH data with the probe EUB338 are from reference 12.
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abundances determined by polyFISH were on average 10%
higher and were less variable (mean, 78%; range, 64 to 87%)
than by oligoFISH (66%; range, 52 to 91%) (12), but this
difference was not statistically significant (n � 9; P � 0.1).
Detection with probe EUB338 significantly decreased in au-
tumn and winter (before 8 April and after 26 August) (mean,
43%; range, 27 to 55%) (nsummer � 9, nwinter � 13; P � 0.01),
whereas detection with EUBAC remained high during this
period (76%; range, 64 to 82%) and was statistically indistin-
guishable from the percentages of DAPI counts in spring and
summer samples (P � 0.05). In the spring samples from
Monterey Bay (Fig. 2A), the mean relative abundances of
EUBAC and EUB338 in depths between 0 and 100 m was 75%
(63 to 89%) and 67% (62 to 78%) of total cells, respectively.
Less than 60% of EUBAC counts were visualized by EUB338
at 200 m depth. In Monterey Bay autumn samples, we could
not detect any cells with oligoFISH below 50 m, whereas the
polyFISH counts remained high in all depths (78%; range, 71
to 86%) (Fig. 2B). Test counts revealed no significant differ-
ences in the percentages of probe-stained cells between our
laboratories with either technique. PolyFISH with probes pre-
pared from DNA templates either from the North Sea or
Monterey Bay resulted in equally high abundances in German
Bight samples (data not shown).

Image analysis. FISH with Cy3-labeled oligonucleotide or
polynucleotide probes clearly yielded higher initial signal-to-
background ratios than that with probes labeled with fluores-
cein (Fig. 3). Although the magnitude of signal-to-background
ratio and fluorescence bleaching is certainly related to sample
preparation, optical properties of the equipment such as the
age and power of the Hg vapor lamp, and to antibleaching
agents in the mounting medium, the different dynamics of
signal decrease of Cy3- and fluorescein-labeled probes were,
nevertheless, striking. In spite of a microscopic embedding
solution that had been developed and tested for its superior
antifading properties, we observed a decrease in the signal-to-
background ratio of bacteria stained with Cy3-labeled oligo-
or polynucleotide probes of over 50% within the first 30 s of
illumination (Fig. 3B). Initially, the signal-to-background ra-
tios for bacteria stained with fluorescein-multilabeled polynu-
cleotide probes was only marginally higher than that with Cy3-
labeled oligonucleotide probes. After 30 s of illumination, the
signal-to-background ratios for cells stained by polyFISH with
fluorescein-labeled probes were still twice as high as that of
cells after oligoFISH with Cy3-labeled probes. Since the count-
ing of a microscopic field may require time periods of several
seconds up to minutes, bleaching potentially represents an
important feature of a staining procedure. It is very probable
that the comparatively low detection with Cy3-monolabeled

FIG. 2. Percentages of DAPI-stained cells in the upper 200 m of
Monterey Bay detected with oligonucleotide and polynucleotide
probes for bacteria and archaea, from 12 April 2000 (A) and 16
November 2000 (B). Oligonucleotide probes: ARCH915 (Archaea),
EUB338 (bacteria). Polynucleotide probes: G1 (crenarchaeota), G2
(euryarchaeota), EUBAC (bacteria). Probes detecting �1% of DAPI-
stained cells throughout the profiles are omitted from the graphs.

FIG. 3. Bleaching dynamics of North Sea picoplankton enrich-
ments stained with the monolabeled oligonucleotide probe EUB338 or
the multilabeled polynucleotide probe EUBAC and labeled with flu-
orescein (A) or Cy3 (B). A signal-to-background ratio of 1 indicates
object brightness equivalent to the background fluorescence.
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oligonucleotide probes in German Bight winter samples is in
part due to bleaching of the dimmest cell fraction.

At identical camera gain settings and image capture times,
the mean fluorescence intensities (mean object grey values) of
positively hybridized bacteria in surface samples from 12 April
in Monterey Bay (Fig. 4A), stained by oligoFISH or polyFISH,
were 72 	 0.7 and 100 	 1 (mean 	 1 standard error; nEUB �
1,061, nEUBAC � 1,456). In samples from 16 November (Fig.
4B), the mean fluorescence intensities of probe-positive ob-
jects after either staining procedure were statistically indistin-
guishable (97 	 0.7 and 100 	 0.8) (nEUB � 1,314, nEUBAC �
1,248; P � 0.1), but oligoFISH with Cy3-labeled oligonucleo-
tides resulted in almost twice the background fluorescence as
that after polyFISH. Thus, the mean signal-to-background ra-
tio of EUB338-stained cells both in spring and autumn (2.1 	

0.03 and 1.7 	 0.02) was significantly lower than those of
EUBAC-stained cells (4.2 	 0.04 and 2.8 	 0.02) (P � 0.01).
The signal-to-background ratio spectrum of oligoFISH-stained
cells in general declined more gradually, with little or even no
clear difference between the dimmest fraction of probe-posi-
tive and probe-negative cells (Fig. 4). This presents a major
obstacle for the microscopic evaluation of samples with numer-
ous dimly stained cells and may result in more subjective
counting at low EUB338 detection. In contrast, such a thresh-
old could be more readily distinguished after polyFISH stain-
ing. As mentioned above, accurate counting of dim oligoFISH-
stained cells will also be hampered by a more rapid bleaching
within the typical period of time for the microscopic inspection
of a single field. Altogether, this implies that the fraction of
DAPI-stained cells visualized by oligoFISH in such samples
might be strongly influenced both by the quality of the micro-
scopic equipment and by the counting strategy.

Detection of archaea. In North Sea samples, the specific
counts with the oligonucleotide probe ARCH915 (archaea)
during spring and summer were on average 8% higher than the
sum of polynucleotide probes G1 (crenarchaeota) and G2 (eu-
ryarchaeota) (Fig. 5). A high percentage of cells hybridizing
with ARCH915 in April (26% of DAPI counts) was not de-
tected by polyFISH with G1 (�1%) or G2 (5%). Simultaneous
hybridizations of this sample with Cy3-labeled ARCH915 and
Cy5-labeled EUB338 and inspection by confocal microscopy
revealed a double binding of both probes to some cells (Fig. 6).
Considering the systematically lower relative abundances de-
termined with the polynucleotide probes, we suggest that the
ARCH915 probe unspecifically binds to some pelagic marine
bacteria even under stringent hybridization conditions (41).
Therefore, other available (14, 31) or newly designed probes
might be more adequate for a future quantification of archaea
in marine samples by oligoFISH. Nevertheless, blooms of ar-
chaea in North Sea picoplankton were detected by both FISH
methods between May and September, reaching a maximum of
31% of DAPI counts as determined with the G2 probe and
41% as determined with ARCH915.

FIG. 4. Signal-to-background ratio spectra of cells hybridized with
oligonucleotide probe EUB338 (labeled with Cy3) and polynucle-
otide probe EUBAC (labeled with fluorescein). Samples were from
Monterey Bay from 12 April 2000 (A) or 16 November 2000 (B). A
signal-to-background ratio of 1 indicates object brightness equivalent
to the background fluorescence, i.e., cells that were not hybridized.
The horizontal broken line indicates the lower limit for positive mi-
croscopic counts with probe EUB338. Thin lines are ranges of one
standard deviation of triplicate samples.

FIG. 5. Percentages of DAPI-stained cells in the German Bight of
the North Sea (surface samples, 1998) detected by FISH with oligo-
nucleotide and polynucleotide probes (ARCH915, all archaea; G1,
crenarcheota; G2, euryarcheota).
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In Monterey Bay samples, the percentage of total counts
detected by oligonucleotide probe ARCH915 were high in
spring, even exceeding the summed counts of both archaeal
polynucleotide probes (Fig. 2). In winter, oligoFISH counts for
archaea were below detection limits, whereas archaeal cells
stained by polynucleotide probe G1 could still be visualized.
Pelagic crenarcheota (cells detected by probe G1) were most
abundant in the water column below 100 m depth and repre-
sented up to 21 and 33% of DAPI counts in winter and sum-
mer, respectively. The G2 probe (euryarcheota) detected 12%
of DAPI-stained cells at the surface in summer and less than
1% in winter throughout the sampled water column.

The observed zonation of the two archaeal groups in the
depth profiles (Fig. 2A) corresponds well with previous reports
about the vertical distribution of pelagic crenarcheota and
euryarcheota in the coastal Pacific Ocean and other marine
provinces (24–26). In general, G1 archaea (crenarcheota) are
regarded as a more prominent component of the marine pico-
plankton in the deeper water layers (8, 14, 15, 18, 26). In North
Sea surface waters, G1 archaea only occurred sporadically, at
maximal densities of 3.7 � 103 cells ml�1. In contrast, G2
archaea (euryarchaeota) were detected in high abundances in
the shallow and eutrophied coastal North Sea (Fig. 5), reach-
ing total cell numbers between 1 � 105 and 2 � 105 cells ml�1.
To our knowledge, this is the first report that a substantial
fraction of coastal North Sea picoplankton may be seasonally
formed by euryarchaea. PolyFISH results from both the sea-
sonal study and the depth profiles furthermore indicated that
the pelagic euryarchaeota were mainly present in the spring or
summer plankton but only appeared sporadically during au-
tumn and winter. This may indicate that pelagic archaea are
either disproportionately eliminated from the plankton at the
end of the productive season or that their productivity de-
creases significantly below that of the bacteria.

Potential and limitations of either FISH approach. We
chose our standard oligoFISH protocol for the comparison of
the two approaches (34), using 5�-Cy3-monolabeled probes

and direct microscopic evaluation. One advantage of this ap-
proach is that the probes can be obtained commercially in high
quality at relatively low cost. A modified protocol for oligo-
FISH in the open ocean reports the use of Cy3 doubly labeled
probes in combination with preincubation with chloramphen-
icol (30) and specialized intensifier equipment for image cap-
ture, to visualize “cells with fluorescence considerably below
direct detection by eye” (14). However, detection of bacteria
and archaea by this modified approach in the San Pedro Chan-
nel (approximately 40 to 60% and 15 to 30%, respectively) (14)
was not higher than our oligoFISH results in a comparable
depth profile from Monterey Bay (Fig. 2A). This indicates that
even an oligoFISH staining protocol with greatly enhanced
sensitivity would not fundamentally increase the signal-to-
noise problem associated with probe sensitivity. High detection
of DAPI-stained cells by EUB338 (�70%) using oligoFISH
with the original protocol (16) were also reported from surface
samples off the California coast (6).

Our study illustrates limitations of oligoFISH with presently
available fluorescent dyes and direct microscopic evaluation
for the staining of marine picoplankton in deeper water layers
and during winter (Fig. 1 and 2). The majority of the microbial
communities in such samples, presumably cells with low rRNA
content (27), could not be detected. Any analysis of marine
picoplankton samples by any of the current oligoFISH ap-
proaches should thus be limited to locations and seasons that
allow for a detection comparable to that with polyFISH stain-
ing. It is, however, difficult to predict the percentages of total
counts detectable by oligoFISH in different marine habitats,
and there is evidence that high oligoFISH detection of bacte-
rioplankton are not limited to the coastal temperate regions.
Simon et al. (39) reported counts with EUB338 in the Antarc-
tic circumpolar vent that exceeded 80% of total picoplankton
abundances and increased to �90% at the marginal ice zone.

Our data furthermore indicated that polyFISH is sometimes
a superior means to detect and discriminate bacteria and ar-
chaea that are low in ribosome content (Fig. 1 and 2). Despite

FIG. 6. Confocal laser scanning micrographs of a double hybridization of North Sea picoplankton (July 1998) with oligonucleotide probes
EUB338-Cy3 (bacteria, left panel) and ARCH915-Cy5 (archaea, right panel). Arrows indicate cells hybridized by both probes. Bars, 10 �m.
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this obvious advantage, there are also drawbacks to the poly-
FISH approach. First, the application of oligoFISH probes is
not dependent on any other molecular biological technique but
mainly relies on the availability of a sequence database and an
epifluorescence microscope. In contrast, each batch of poly-
FISH probes has to be synthesized using PCR and in vitro
transcription techniques (8). In addition, RNA polynucleotides
are more readily degraded during handling than the DNA
oligonucleotide probes, e.g., by repeated freezing and thawing.
So far, fluorescently labeled polynucleotides for the detection
of marine picoplankton have been designed to distinguish
groups that are evolutionarily very distant from each other (8,
18). The probes EUBAC, G1, and G2 are mixes of polynucle-
otides targeting the entire 16 and 23S rRNAs and, conse-
quently, numerous probe molecules can simultaneously bind to
each ribosome. To design more specific polynucleotide probes
that discriminate different phylogenetic lineages, highly vari-
able regions of 300 to 600 nucleotides within the 16S or 23S
rRNA should be targeted (M. Leclerc, personal communica-
tion) (23, 40, 42). Nevertheless, oligoFISH may still offer high-
er phylogenetic resolution than polyFISH, and conditions for
specific hybridization must be rigorously tested. In some cases
it has been shown that the hybridization conditions required
for a clear discrimination between closely related groups may
substantially decrease polyFISH probe fluorescence intensity
(42). In summary, any future improvement of the FISH ap-
proach for marine microbiology should attempt to preserve the
superior signal intensity of multilabeled polynucleotides and at
the same time reach the specificity of the oligonucleotide
probes.
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