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On the basis of 16SrRNA gene sequencing, the SAR11 clade of marine bacteria
has almost universal distribution, being detected as abundant sequencesin all
marine provinces. Yet SAR11 sequencesarerarely detected in fosmid libraries,
suggesting that the widespread abundance may be an artefact of PCR cloning and
that SAR 11 hasarelatively low abundance. Here the relative abundance of
SAR11lisexplored in both afosmid library and a metagenomic sequence data set
from the same biological community taken from fjord surface water from Bergen,
Norway. Pyrosequenced data and 16S clone data confirmed an 11-15% relative
abundance of SAR11 within the community. In contrast not a single SAR11 fosmid
was identified in a pooled shotgun sequenced data set of 100 fosmid clones. This
under -repr esentation was evidenced by compar ative abundances of SAR11
sequences assessed by taxonomic annotation; functional metabolic profiling and
fragment recruitment. Analysisrevealed a similar under-r epresentation of low-GC
Flavobacteriaceae. We speculate that the fosmid bias may be due to DNA
fragmentation during preparation dueto thelow GC content of SAR11 sequences

and other underrepresented taxa. This study suggeststhat while fosmid libraries
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can be extremely useful, caution must be used when directly inferring community

composition from metagenomic fosmid libraries.

The majority of microbes are uncultivated but culture-independent methods have
provided clear insights into in natural assemblages. The use of fosmids to propagate
large (~40 Kb) genomic inserts with a high degree of fidelity*has enabled contextual
analysis of genes and their genomic neighbourhood; this has led to identification of
particular metabolic pathways, such RNA helicase in Archaea?, and the discovery of
bacteriorhodopsin in marine bacteria®. Fosmid libraries have also given insight into the
genomic variation within and between mixed marine microbial assemblagesin relation
to water depth*® and symbiosisin marine invertebrates™, However, several studies
have indicated that fosmid clone DNA libraries are not fully consistent with other
assessments natural microbial communities, with poor representation of key members
such as SAR11**® and high dominance of Roseobacter spp.'®**. In contrast to an
estimated 25% abundance of SAR11 in marine microbial communities from plasmid
libraries*?, Gilbert and colleagues’ isolated only a single clone containing a 16S rRNA
gene with homology to the SAR11 clade from a marine surface water fosmid library of
10,000 clones. Interestingly, this clone consisted largely of the 48-Kb hypervariable
region neighbouring the 16S rRNA gene, with aricher GC content than the GC-poor
SAR11 core genome. Roseobacter spp. and other high-GC taxa seemed to suffer no

such underrepresentation.

Here we use GC analysis and taxonomic profiling to compare the representation
of key taxa with differing average GC content within afosmid library of 100 clonesto
326,310 metagenomic sequences from 454 pyrosequencing of the same water sample.
Sequences were compared to fully sequenced genomes of nineteen key taxa using the
BLASTN algorithm, with hits with an E-value < 1x10° considered significant. As each

fosmid clone contained a fragment from a single bacteria cell, the fosmid library
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contained a maximum of 100 different taxa, whereas the pyrosequenced sample had no
such limit. To account for this, 100 sequences were randomly selected from the
pyrosequenced data and compared against the key taxa. This was performed 1000 times
and an average abundance for each taxa was measured. To avoid bias of repetition of
possible GC-rich or GC-poor sequences within the fosmid data, all fosmid analyses
were performed on assembled contiguous DNA fragments (contigs). 10.7% of
seguences in pyrosequenced data were significantly similar to “ Candidatus Pel agibacter
ubique” HTCC1062, compared to no hitsin the fosmid data. All 1000 replicates of
pyrosequenced data contained at least two hitsto “Cand. P. ubique” , thus confirming
the ubiquity of this SAR11 strain and, asin other studies, that it is underrepresentation
in fosmid libraries. Similarly, sequences similar to Flavobacteriaceae sp. were aso
absent from the fosmid data but comprised ~1.5% of pyrosequenced data. Conversely,
only 1.0% of sequences in pyrosegquenced data were significantly similar to Roseobacter

denitrificans OCh114, compared to 48.6% of sequences in fosmid data.

Relative abundances of each of the key taxa were plotted with their average GC
content (Figure 1). The average GC content for each dataset was also calculated
alongside sequences derived from plasmid libraries from the Global Ocean Sampling
Expedition (GOS) from the Bay of Fundy (45°6’'42" N, 64°58' 48" W), and Brown
Bank, Gulf of Maine (42°51' 10" N, 66°13' 2" W)™, sites from similar habitats to the
Bergen sampling site in the current study. As a comparison, the average GC content for
fosmid libraries from the oligotrophic Pacific Ocean station ALOHA (22°45’ N,
158°W), Hawaii at depths from 10m-4000m® were also calculated as to date, the Bergen
dataset is the only large randomly sequenced fosmid library for coastal waters. Average
GC content for pyrosequenced data (37.8%) was similar to that of GOS Bay of Fundy
(35.4%) and Brown Bank (37.4%) but significantly different to average GC content of
both our fosmid library (51.6%) and HOT station ALOHA fosmid libraries (48.4-
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54.4%), which had high average GC values despite variable community composition
with depth (Figure 2).

To confirm the abundance of key taxa within the samples, fragment recruitment
plots were constructed against fully sequenced genomes of “Cand. P. ubique”
HTCC1062, Roseobacter denitrificans OCh114, Synechococcus sp. and Shewanella sp.
available from the National Centre for Biotechnology Information (NCBI). A recently
sequenced open-ocean strain of SAR11, “Cand. P. ubique” HTCC7211 was aso
included. Plots were constructed using BLASTN parametersof “-F F -r 5—-q4 —e 1e-4”
to detect distant similarities as low as 65% identity. At 65% identity, ~15% of
pyrosequenced sequences recruited to “ Cand. P. ubique” HTCC1062, compared to <3%
of sequences from the fosmid library, confirming the dominance of this speciesin
coastal waters and its poor representation in fosmid datasets. The high degree of genetic
conservation in HTCC1062, brought about through genomic streamlining™, can be seen
as aband of high recruitment at >90% identity across the whole genome, interspersed
with gaps of little or no recruitment which correspond to regions of hypervariability

found in previous studies®*** (Figure 3).

Similar recruitment (12.6% vs. 2.8%) was observed against “Cand. P. ubique’
HTCC7211 but at lower percentage identity than against HTCC1062 indicating that
these two coastal and open-ocean SAR11 strains are similar but also have niche specific
genetic differences. Interestingly, HTCC7211 fragment recruitment plots revealed
severa putative regions of hypervariability within the genome (~4 kb at 487k; ~16.5 kb
at 740k; ~29.5 kb at 801.5k; ~15.6k at 969.4k~10 kb at 1073.4k; ~14 kb at 1337k)
suggesting that such regions may be common within the SAR11 clade. ~21.5% of
fosmid sequences recruited to R. denitrificans OCh114, compared to 4.3% of hitsfor
pyrosequenced data, but at lower percent identity than SAR11, suggesting a lower

genetic conservation within this taxon. Synechococcus sp. recruited fewer sequences
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than expected in the pyrosequenced data (0.8%) in light of its global ubiquitous
distribution™ and its recruitment in the fosmid data (3.6%), most likely due to the low
coverage of the pyrosequenced metagenome, estimated at ~0.0002% using a calculated
effective genome size™® of 2.33Mb. Even at such low recruitment, recruitment plots
yield the locations of highly conserved regions such as rRNA and housekeeping genes
as ‘peaks’ of syntenic fragments.

This study has confirmed uneguivocally that fosmid libraries do not accurately
represent bacterial taxonomic diversity within a given community in comparison to
other sequence-based datasets. Fosmid libraries both from this study and from a depth
profile study® showed significant over- or under-representation of important microbial
taxawhen compared to pyrosequenced data. Specifically, the low-GC SAR11 clade and
Flavobacteria are significantly under-represented, resulting in an elevated GC content of
fosmid datain comparison to direct pyrosequencing. One possible explanation is that
fragmentation of DNA occurs more readily in DNA with fewer G-C linkages dueto a
decreased number of hydrogen bonds, weakening the strand against non-perpendicul ar
shear forces and reducing the number of 40 Kb fragments required for fosmid vector
insertion, thus lowering representation in afosmid library. Other factors affecting strand

stability such as nearest-neighbour effects'’ may aso be important.

Recent work by Pham and colleagues™® suggested that low numbers of SAR11
sequences detected in surface water fosmid libraries was an accurate representation of
the bacterial community, and that over-representation of SAR 11 in earlier studies was
due to PCR cloning bias. However, no PCR cloning was used in this study and the
percentage hitsto SAR11 from the sequencing of random fragments confirms the
abundance of SAR11 in surface water. It is clear that |arge fragment-length inserts of
fosmid libraries confers a huge advantage when investigating genetic neighbourhoods.

However, exclusion of sequences, including those from the most ubiquitous bacterial
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clade, suggests that the use of fosmid libraries for metagenomic diversity studies must
be performed with caution to avoid the possibility of misrepresenting key components

of microbia diversity.
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Figure 2 — Mean GC content for the following samples: pyrosequenced GSflx
data from Bergen; surface water from Bay of Fundy prepared using a plasmid
library®®; surface water from Brown Bank, Gulf of Maine prepared using a
plasmid library®®; fosmid library from Bergen; samples from HOT station ALOHA
prepared using a fosmid library taken at different depths®; Bars represent 99%

confidence intervals. Data prepared for this paper are highlighted in red.
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Figure 3 -Fragment recruitment plots for key bacterioplankton species.
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Sequences from pyrosequenced and fosmid data were aligned against the

reference genomes using BLASTN with parameters designed to detect distant

homologs as low as 65% identity. “Cand. P. ubique” HTCC7211 is included as

an open-ocean strain of the SAR11 clade.



