AQUATIC MICROBIAL ECOLOGY
Aquat Microb Ecol

Vol. 11: 271-277. 1996

Published December 31

Bacterial diversity in an arctic lake: a freshwater
SARl l cluster
Michele

Bahrl,*,

John E. ~

o b b i e ' ,Mitchell

L. sogin2

'The Ecosystems Center, 2Center for Molecular Evolution, Marine Biological Laboratory, Woods Hole, Massachusetts 02543, USA

ABSTRACT We used molecular techniques to assess the phylogenetlc afflnlty of cultured a n d uncultured m ~ c r o o r g a n i s ~ nfrom
s
Toolik Lake, a n ol~gotrophiclake In a r c t ~ cAlaska USA T h e phylogenetlc
positions of cloned cultures of bacteria were determined by sequence analysls of PCR a m p l ~ f l e dribosomal RNA genes The Toollk Lake bacterial isolates showed a high d e g r e e of slmllarlty, 0 94 to 0 99,
to a wlde variety of phyla that a r e well represented in the ribosomal RNA database T h e occurrence of
species normally associated with a terrestrial habltat (Arthrobacter globiforn~isand B ~ ~ r k h o l d e n a
solanacearum) or a more nutrient-rich environment (Cytophaga aquatills and Zoogloea r a m ~ y e r asug)
gests a particle-associated origln for these cell types consistent with the fact that w e used a n unflltered
sample In contrast, the analysls of rRNA genes cloned from a complex natural DNA community indlcated the predominance of beta-proteobacteria closely related to the rRNA hamology group I1
pseudomonads Alcalrgenes eutrophus a n d Pseudomonaspickett~lHowever, 2 of therRNA g e n e clones
a r e deeply branching relatives (s~rnllarity= 0 88) of the alpha-proteobacteria SARI 1 cluster, previously
detected only In marine environments Thls finding lndlcates a widespread aquatic dlstnbutlon for thls
recently descnbed group
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INTRODUCTION

Archaea and Bacteria are major agents of biogeochemical change in aquatic systems. The taxonomy of
microbes is often based upon their physiological abilities, and taxonomic studies have the potential of providing a great deal of ecological information about the
role of microbes in natural systems and ecological succession. There is a tremendous g a p between taxonomy
and ecology because microbial ecologists can only culture and identify a small percentage of the microbes in
soils and water (Giovannoni et al. 1990, Ward et al.
1990, Schmidt et al. 1991, Barns et al. 1994). As a
result, microbial ecologists have focused on a 'process
approach' to study what prokaryotes collectively do in
nature (Hobbie 1988). Laboratory-derived details of
nutritional capabilities, requirements, and metabolic
pathways which form the basis of microbial taxonomy
have not been extended to consortia of species. The
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coupling of physiological information with identificatlon of spatial and temporal species variation has the
potential to provide micro- a n d macro-scale details on
the flow of carbon and nutrients.
Molecular techniques provide a n accurate means to
determine the phylogenetic affinity of almost any
microbial isolate, to detect the presence and phylogenetic affinity of organisms not amenable to standard
laboratory cultivation, and to begin to chronicle environmental biodiversity. Such phylogenetic analysis not
only extends our identification of naturally occurring
picoplankton but, by comparison with cultured species, may also increase our understanding of their
physiology as inferred from that of microbial taxa with
very similiar rRNA genes. The phylogenetic characterization of small subunit rRNA genes (16s rRNAs; Pace
et al. 1986) has gained widespread acceptance as a tool
to understand microbial (and macrofaunal) speciation
in marine systems (Giovannoni et al. 1990, Britschgi &
Giovannoni 1991, Schmidt et al. 1991, DeLong 1992,
DeLong et al. 1993, Fuhrman et al. 1993, Mullins et al.
1995) and in extreme environments (Ward et al. 1990,
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Barns et al. 1994). Ribosomal RNA probes have delineated marine microbial succession (Rehnstam et al.
1993). Similar studies of picoplankton from oligotrophic freshwater environments have not been
reported.
Here we report 2 molecular characterizations of the
microbial community from Toolik Lake, Alaska, USA,
a n arctic Long Term Ecological Research (LTER) site.
We relied upon differences in 1 6 s rRNA to differentiate between cultured bacteria that w e grouped according to shared phenotypic attributes. We used similar
molecular methods to characterize the rRNA genes
and thus the biodiversity of a concentration of bacterial
cells collected from Toolik Lake. This provided a comparison between the cultured cells and the total popul a t ~ o nof bacteria, most of which have yet to he cu!tured. Comparison of these species to those described
from other environments pointed to a high degree of
similarity wiih both teinperaie freshwater and, stirprisingly, subtropical marine systems.

MATERIAL AND METHODS
Site description. Toolik Lake (68"38.01N, 149"
36.25'W) is an oligotrophic, multiple basin kettle lake
located at 720 m elevation about 20 km north of the
Brooks Range, Alaska. The lake has a surface area of
149 ha with a maximum depth of 25 m and a mean
depth of 7 m. The major inflow comes in the spring
from snowmelt; there are approximately 90 ice-free
days per year. DOC (dissolved organic carbon) is typically 575 pm01 1-' (O'Brien et al. 1996).The numbers of
bacteria in the water column, measured by direct
count, range from 0.5 to 1.5 X 106 ml-' (Hobbie et al.
1978).
Cell isolation and DNA extraction. Toolik Lake
ma1.n station water (500 ml) was filtered through acidwashed 0.2 pm filters (Millipore) in July, 1992. There
was no pre-filtration to limit the size fraction of the
retained cells. The filters were incubated at ambient
lake temperature, 15"C, in the dark on agar plates. The
medium was designed to select a variety of heterotrophic organisms from an oligotrophic environment
(Reasoner & Geldreich 1985). A total of 66 individual
colonies were isolated and transported to the Marine
Biological Laboratory (Woods Hole, MA, USA) in stab
vials. The isolates were re-grown, examined microscopically, and grouped by cell and colony appearance
into 11 morphological types. A representative of each
type was grown to high density on plates. The colonies
were then transferred to culture tubes and washed
twice with 1 m1 sterile wash solution [80% ETOH,
145 mM NaC1, 50 mM Tris-Cl, pH 8.0, 0.050/;, Nonidet
P-40 (Sigma)].Following centrifugation, the cell pellets

were suspended in 40 p1 10 mM Tris-Cl, pH 8.3 and
KOH added to a final concentration of 0.2 N The cells
were heated to 70°C and monitored for cell lysis. After
15 to 30 min, the solution was neutralized with an
equal volume of 1 N HC1 mixed 2:1 with 1 M Tris-C1
(pH 8.3),centrifuged, and the supernatant transferred
to microfuge tubes for subsequent amplification
(Angert et al. 1993).
Cell concentration and DNA extraction. In July,
1994, 40 1 of Toolik Lake main station water was prefiltered through a sterile 1 pm polysulfone cartridge
(Whatman).The cells in the supernatant were concentrated into 1200 m1 using a 30 kDa cutoff polysulfone
hollow-fiber filter in a DC-1OL filtration unit cleaned
according to the manufacturer's directions (Amicon,
Reverly, MA). Prior to this concentration! th.is hollowfiber filter was used 3 times with Toolik Lake water.
The concentrate was stored frozen for transport to
Woods Hole. Aftei riipid thawing, ccntrifugatior, at
10000 X g for 30 min, and suspension in 5 m1 TE
(10 mM Tris, 1 mM EDTA, pH 8.0), the cells were lysed
in a French press following the manufacturer's directions (SLM Instruments, Urbana, IL, USA). This
method was chosen to avoid enzymatic degradation of
DNA. The lysate was phenol extracted; the nucleic
acids were precipitated in ethanol, centrifuged, and
suspended in 200 p1 TE buffer.
PCR amplification and gene cloning. For both the
isolates and the mixed community concentrate, 16s
ribosomal DNA was amplified using universal primers
with polylinker tails, 515 FPL (GCGGATCCTCTAGACTGCAGTGCCAGCAGCCGCGGTAA) and 1492
RPL (GGCTCGAGCGGCCGCCCGGGTTACCTTGTTACGACTT). First, 0.01 to 1.0 p1 DNA template (not
quantified) was added to 30 mM KC1, 10 mM Tris-Cl,
1.5 mM MgC12, 0.05% Nonidet P-40, 0.2 pg of each
primer, 1.25 mM each dATP, dCTP, dGTP and dTTP,
5 % acetamide and 1 unit Taq polymerase. Thermal
cycling was carried out at 92°C for 1.5 min, 37°C for
1.5 min, and 72°C for 2 min for 30 cycles. The PCR
products were phenol extracted, precipitated in
ethanol and suspended in 10 p1 TE. The rDNA was
checked for internal restriction sites, cut and ligated
into the PstI and XhoI sites of the pBluescript plasmid,
which was then used to transform competent Escherichia coli strain XL-1 Blue. The plasmid DNA was
extracted and purified using Promega Wizard (Promega, Madison, WI, USA) DNA clean-up columns for
manual 35S sequencing, or Qiagen columns (Qiagen
Inc., Chatsworth, CA, USA) for machine-based sequencing following the manufacturer's protocols.
Sequencing and phylogenetic analysis. The DNA
from the isolates was denatured and sequenced using
the dideoxynucleotide chain-termination method with
Sequ.enase 2.0 following the manufacturer's recom-
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n~endations (United States Biochemical, Cleveland,
OH, USA). The sequences were aligned with a subset
of 475 bacteria species from the Ribosomal Database
Project (RDP; Maidak et al. 1996).
For the DNA from the community concentrate, we
used a single dideoxynucleotide chain-termination
sequencing reaction to initially sort rRNA genes
cloned from PCR amplifications. A full sequence analysis on both strands was done using SequiTherm thermal cycle sequencing with the incorporation of infrared labeled primers (Epicentre Technologies Madison,
WI, USA). Reaction products were electrophorised
on a model 4000L automated DNA sequencer (LiCor,
Lincoln, NB, USA). We employed a computer-assisted
multiple alignment editor to align the sequences with
>2000 bacterial species archived in the RDP (Maidak et al. 1996). Sequences were submitted to the
CHECK-CHIMERA program of the RDP to detect the
presence of possible chimeric artifacts. The phylogenetic relationships were inferred by the distance
matrix analysis (Olsen 1988) of 765 unambiguously
aligned positions between bases 515 and 1492, Escherichia coli numbering system, and included both
conserved and hypervariable regions of the gene.
Detailed phylogenetic analyses were restricted to species that were at least 0.77 similar to the unknown
microorganisms. Bootstrap methods were used to provide confidence estimates for the tree topologies
(Felsenstein 1985). The determined nucleotide sequences will appear in the GenBank Database under
the accession numbers U76088 to U76105.

RESULTS

The isolates cultured from mid-summer Toolik Lake
water in 1992 were grouped into 11 phenotypes on the
basis of cell and colony morphology. We successfully
amplified 16s rRNA genes from 9 of the 11 representatives. One of the amplicons contained an internal
restriction site for PstI and/or XhoI which confounded
cloning. To identify their approximate phylogenetic
positions in a rRNA framework, we determined partial
rRNA sequences (-500 base pairs) for 7 isolates. The
resulting identifications showed a high degree of similarity, at least 0.94, with known temperate species representing a variety of phyla (Table 1). Identification
using the RDP is necessarily limited to those species
previously sequenced and catalogued in the database.
Although sequence similarity of rRNA gene clones is
not an absolute measure of species identity, molecular
systematics can establish the closest known relative to
the organism of interest. For example, an average similarity of 0.86 separates representatives of genera in
the beta subclass of Pseudomonas from each other (Li
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Table 1 Survey of Toolik Lake isolates. Gene clones were
constructed from bacteria cultures. Related species and similanty to the clones were calculated by comparison with 16s
rRNA sequences archived in the Ribosomal RNA Database
Project (RDP)
Clone
identification
l

5
11
18
32
19
21

Related species

Similarity

Burkholderia solanacearun~
Acinetobacter calcoacetjcus
Arthrobacter globiformis
Cytophaga aqua tiljs
Cytophaga aquatilis
Pseudornonas mendocina
Zoogloea raniigera

et al. 1993). The isolation method selected for aerobic
heterotrophs, and those cultured represent distinct
branches of Bacteria. The phylogenetic relationships of
the Toolik isolates and related species in Table 1 are
depicted in the Fig. 1 tree of selected Bacteria. The
only Gram-positive species in Table 1, Arthrobacter
globiformis, is frequently a dominant constituent of the
soil microbial community and grows on a variety of
substrates. Of the Gram-negative species in Table 1,
the single flavobacterium is Cytophaga aquatilus, a
gliding organotroph capable of degrading biomacromolecules. The other species in Table 1 are proteobacteria of the beta and gamma subclasses. Of the betaproteobacteria, Burkholderia solanacearum is a plant
pathogen and Zoogloea ramigera reduces nitrate in
eutrophic environments. Of the gamma-proteobacteria, Pseudomonas mendocina is a RNA homology
Group I non-fluorescent species found in soil and
water. This species degrades low molecular weight
organic compounds. The major biochemical feature of
Acinetobacter calcoaceticus is its ability to metabolize
a wide range of compounds including relatively recalcitrant aromatics.
Overall, the species represented in Table 1 are both
ubiquitous and abundant worldwide (Balows et al.
1992). The occurrence of species normally associated
with a terrestrial habitat (Arthrobacter globiformis and
Burkholdena solanacearum) or a more nutrient-rich
environment (Cytophaga aquatilis and Zoogloea ramigera) suggests a particle-associated origin for these
cell types, consistent with the fact that we used an
unfiltered sample.
For the molecular survey of the comnlunity of
microorganisms, we concentrated cells < l pm in size
from a 1994 mid-summer collection of Toolik water.
The pre-filtration eliminated most particle-associated
or aggregated cells. Microscope examination confirmed that this sample was effectively restricted to the
free-living picoplankton. Following PCR amplification
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Fig. 1. Phylogenetic tree of selected Bacteria inferred by distance matrix analysis of unambiguously aligned positions
within 1 6 s rRNA gene sequences. All of the gene clones listed
in Tables 1 & 2 are included. The clones derived from isolates
are designated 'isol' followed by a gene clone identification
number; those from the community concentrate are designated 'conc' followed by a qene identification number. Scale
indicates 10 base changes per 100 nucleotide positions. Bootstrap values which exceeded a 50% threshold are shown

for 16s rRNA genes and cloning, 60 recombinant
Escherichia col1 clones were picked for screening.
Using our low-level survey based upon a single
nucleotide sequencing reaction, 13 clones representing divergent sequences were selected for more complete analysis. Subsequent full sequencing and analysis of 800 to 900 bases of the 13 clones showed clear
differences but only 5 gene clusters were identified
(Table 2). No chimeric sequences were detected. The
phylogenetic relationships of the Toolik concentrate
clones and related species are also depicted in the
Fig. 1 tree of selected Bacteria.
All rRNA genes amplified from the community cell
concentrate were identified as proteobacteria; 11 of
the 13 were members of the beta-proteobacteria.
Among the beta-proteobacteria in Table 2 is Pseudornonas pickettii, normally a plant pathogen. The most
frequently recovered Toolik Lake gene clone cluster
(clones 31, 40, 41, 48, 54 and 66) branches nearby;
these are most closely related to Alcaligenes eutrophus. A. eutrophus is a facultative chemolithoautotrophic hydrogen-oxidizing bacteria. The 'knallgas'
bacteria are capable of growing on either organic substrates or on hydrogen plus carbon dioxide. In A. eutrophus, the H,-oxidation capacity is plasmid-linked. The
aerobic methylotrophic group is represented in Table 2
by Methylophilus methylotrophus (Balows et al. 1992).
Another beta-proteobacterium in Table 2 is Rhodoferax fermentans, a facultatively anaerobic photoorganotroph able to grow by either photosynthesis and
aerobic respiration or anaerobic-dark fermentation
(Hiraishi et al. 1991).
Clones 22 and 34 listed in Table 2 are related to the
alpha-proteobacteria cluster SAR11. Fig. 2 shows a
phylogenetic tree which focuses on the alpha-proteobacteria. Gene clones 22 and 34 are deeply branching

conc48
conc3l
conc66

I l

Oxa!obacter forrnigenes
is0121
Zoogloea ramigera
Alcaligenes faecil~s
S~irillclrnvolutans
~ ~ t h ~ l o b a c i lglycogenes
lus
conc33
conc37
c
~ e t h ~ l o p h i l methylotrophus
us
Nitrosolobus multiformis
Rhodocvclus DurDureus

Pseudomonas aeruginosa

Table 2. Survey of the Toolik Lake microbial community.
Gene clones were constructed from a bacteria cell concentration. Related species and similarity to the clones were calculated by comparisons of 16s rRNA archived in the RDP
Clone
identification

Related species

Similarity

SARl l
SARll
Alcallgenes eutrophus
Alcaligenes eutrophus
Alcaligenes eutroph us
Alcaligenes eutroph us
Alcaligenes eutroph us
Alcaligenes eutroph us
Pseudomonas pickettii
Pseudomonas ~ i c k e t t i i
~eth~lo~hi1u;meth~lotro~hus
~Methylophilusmethylotroph us
Rhodoferax fermen tans

Bahr et al Bacterial divers~tyln a n arctlc lake

275

,
,
,

with the S A R l l cluster in that tree (simiconc34
larity = 0.88); this relationship is supstr. clone SARI
ported by a bootstrap value of 98%. The
str clone NH16-l
alignment used for the Fig 2 phylogenetic
str. clone FLl l
tree included environmentally-derived
str. clone SAR95
- str. clone BDA1-25
sequences from the Atlantic Sargasso Sea
str. clone SARI l
and Bermuda Stations and free-living
str clone NH25-10
bactei-ioplankton off the California coast.
str clone BDA1-15
str. clone NH16-11
The physiology and ecological function of
str. clone FL1
the SARl l group is not presently understr, clone BDAI-l
ill
stood (Mullins et al. 1995).
str. clone NH16-2A
Nucleotide signature analysis of the
str. clone NH25-4
str. clone BDA1-20
Toolik clone 22 sequence shows that 13 of
str. clone BDA1-17
the 17 signature sequences which distinstr. clone NH29-3
guish alpha-proteobacteria (Woese et al.
str. clone BDA-27
1965) are conserved in this sequence. Two
str. clone NH49-1
I
str. clone NH16-7
of the signature sequences not present
Rickettsia prowazekii
(610 and 675) are found in only 39 and
Ehrlichia sennetsu
65% of the alpha proteobacteria, respectively. Two other signature sequence
Wolbachia pipientis
Agrobacterium tumefaciens
divergences (795 and 910) are shared
Phyllobacterium myrslnacearum
with SAR11. Like other clones in the
S A R l l cluster, e.g. SAR95, FL1 and FL11,
Toolik clones 22 and 34 do not contain the
Methylocystis echlno~des
BamHl restriction site at position 1190
Methylosinus trichosporium
which characterizes S A R l l and SARI.
The secondary structure of Toolik clone
Rhodopseudomonas marina
22 and S A R l l was compared to that of
Rhodobacter sphaeroides
I
Caulobacter crescentus
the alpha-proteobactenum Agrobacterium
Rhodosprilum
salex1
tumefaclens. Base substitutions are localized in variable regions, with 5 0 % of the
0.10
Toolik clone 22 base substitutions having
compensating base changes across heFig. 2 Phylogenetlc tree of alpha-proteobacter~aat least 0.77 similar to TOOlices, while 20'y0 of the changes occur in
lik Lake clones 22 and 34. The tree was Inferred by distance matnx analysis
loops (data not shown), ~ ~ ~,-lone
l i 22
k
of 765 unamb~guouslyaligned positlons within 1 6 s rRNA g e n e sequences,
substitutiolls occurring between bases
w ~ t hthe exception of BD and NH clones of whlch <200 positlons a r e pub998 and 1046 show particularly close slmlished. Eschenchla col1 was used a s a n outgroup to root the tree Closely
related genotypes include SAR (clones from the Sargasso S e a ) , FL (clones
ilarity to base changes in SAR11; 24 of the
from free-llving bactenoplankton off the California coast), BD (clones iso29 base substitutions within this region of
lated off the Bermuda coast at 10 m ) a n d NH (clones isolated from the norththe molecule are identical, Although only
eastern Paclfic Ocean at 100 m a n d 500 m ) . Scale indicates 10 base changes
the 16S RNA
was ariaper 100 nucleotlde positions. Bootstrap values which exceeded a 5 0 ° , #
lyzed in this study, these data demonthreshold a r e shown
strate that the divergence of the S A R l l
cluster from the alpha-proteobacteria lineage corresponds to a base composition shift towards a
Focusing on the sequences of its nearest neighbors, w e
lower G C content (Agrobacterium tumefaciens 55 %,
found gene clone 1 to be most closely related to BurkToolik clone 22 49 %, S A R l l 47 % ) .
holderia solanacearum (similarity = 0.987).
When clones of the cultured isolates were compared
with the mixed community concentrate, only 1 closely
related gene clone was found in both sets. Isolate
DISCUSSION
gene clone 1 was similar to the Alcaligenes eutrophusPseudomonas pickettii -Toolik concentrate cluster
This work provides a first order estimate of diversity
within a n arctic freshwater ecosystem. Our first set of
(Fig. 1).A phylogenetic study of rRNA homology group I1
pseudomonads (Li et al. 1993) detailed the similarity of
isolates demonstrate that the previously uncharacterthe A. eutrophus-P. pickettii-P. solanacearum cluster.
ized Toolik Lake bacterioplankton a r e neither mono-

/
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phyletic nor unique. A variety of phyla potentially
capable of metabolizing a wide range of compounds
were cultured. Apparently arctic conditions are not so
extreme as to exclude adaptation by species which
inhabit more temperate environs. Analysis of physlological information available on closely related species
leads one to expect a wide range of compounds to be
transformed by the lake microbes. Concomitant chemical studies are under way to characterize the dissolved
organic matter entering the lake (data not presented).
Bacteria exhibit wide-ranging metabolic and phylogenetic diversity, yet display little variation in phenotype. Additionally, the nutritional requirements of
microorganisms from natural systems are largely unknown and most microorganisms remain uncultured.
Our preliminary study hagan by grouping bacterial
isolates according to morphological features; this
approach undoubtedly constrained our assessment of
ihe total lake popiilation. Consequcnt!y, cur second
sampling focused on a cell concentrate of the total
picoplankton community and enabled comparison
between those types that we had cultured and the
community components.
We expected greater diversity within the community
concentrate DNA sample than among the cultures.
Any cryptic variants were not detected by our initial
screening, which relied on differences within a single
nucleotide. Although none of the 13 clones sequenced
following screening were identical, only 5 phylogenetic clusters were identified within the community. A
potential loss of genotypes can occur at a nu.mber of
stages in a phylogenetic survey. DNA can be degraded
during thawing of frozen field samples or as a result of
enzymatic activity. PCR bias may result in a skewed
amplification of sequences or cloning may select for
PCR products. On the other hand, we may not have
successfully cultivated the most common Toolik Lake
bacteria, but a diverse array of more rare species. The
possibility also exists that the cell concentration
detected the occurrence of a low diversity bacterial
'bloom' at the time of sampling. If this is, in fact, a
bloom of Alcaligenes eutrophus relatives, it is our first
indication of which organisms are involved in microbial succession in the lake. Molecular microbial identification via 16s rRNA probes capable of tagging individual cells would be of great use to determine 11 the
full range of Toolik Lake mlcrobes have been represented, or if this is indicative of the spatial and temporal changes in microbial community composition that
are assumed to be an inherent feature of environmental biogeochemistry. In a study designed to track
microbial succession along the California coast, Rehnstam et al. (1993) reported that a single genotype accounted for 100% of the microorganisms at 1 sampling
date.

Within the Toolik community of bacteria < l pm size,
we found a preponderance of closely related beta-proteobacteria. This is in contrast to some oceanlc surveys
which hdve differentiated a myriad of gcnotypes
(Fuhrman et al. 1993). The Toolik Lake assemblage
may fall into a more cohesive set and therefore be
more amenable to defining key microbial groups. To
accurately determine diversity, dominance, and succession within the lake community we would have to
amplify the DNA from many more cells throughout the
year. These water samples were taken in mid-July at a
time of lake stratification. Samples taken from under
the ice and during periods of thorough mixing would
provide a more complete picture of the microbial population and its seasonal fluctuations. Several of the
species identified so far are typically associated with
soil communities. Utilization of molecular probes
within a more extensive sampling framework could
c!arify the source of t h e populations and whether they
are transient soil organisms which have been washed
in or autochthonous lake species, either of which may
be associated with particles. Comparative phylogenetic analysis is one way of obtaining information on
the specific components involved in carbon utilization
pathways and on controls of decomposition of particulate and dissolved organic matter. This identification
may also enable us to deduce some of the controls on
these populations.
Molecular population surveys In the ocean have
detected an extensive array of cyanobactena and proteobacteria of the alpha and gamma subgroups. In our
initial population survey, the dominant clones were
also proteobacteria, but of the alpha and beta subgroups. An unexpected result of our work was the
presence of gene clones related to the SARI l cluster, a
group first described in 1990. The SARI1 cluster has
been found in Atlantic and Pacific open ocean water
and off the Florida, Bermuda and California (USA)
coasts, but not along the Oregon (USA) coast (Giovannoni et al. 1990, Schmidt et al. 1992). It has been
regarded as a subtropical marine group. The presence
of a deeply branching relative in an arctic freshwater
system indicates that this recently detected lineage has
radiated throughout large salinity and temperature
ranges. Its far-reaching adaptation raises questions as
~
only able :G
to its ecoiogicai roie. Ai iilis p u i l ~ i ,V V are
document its distribution. Clearly there are gaps in our
knowledge of biodiversity and biogeography. The data
available do not allow an estimate of the true diversity
because differences in the efficiency of DNA extraction, amplification or cloning may occur among species. With this caveat, molecular-based ecological
studies such as this go beyond the constraints of cultivation and are just beginning to describe naturally
occurring microorganisms.
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Note added inproof. In the 'Introduction', we stated that 'similar studies of picoplankton from oligotrophic freshwater environments have not been reported'. However, one study has
been published since this article was submitted: Alfreider A,
Pernthaler J, Amann R. Sattler B. Glockner FO, Wille A, Psenner
R (1996)Community analysis of the bacterial assemblages in the
winter cover and pelagic layers of a high mountain lake by in
sjtu hybridization. Appl Environ Microbiol 62:2138-2144
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