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Summary. A next-generation sequencing (NGS) approach was used to study the microbiota associated to Pecten maximus
broodstock, applying pyrosequencing of PCR-amplified V1-V4 16S rRNA gene regions. We analysed the resident bacterial
communities in female and male scallop gonads before and after spawning. DNA samples were amplified and quality-filtered
reads were assigned to family and genus taxonomic levels using the Ribosomal Database Project classifier. A total of 18,520
sequences were detected, belonging to 13 phyla, including Proteobacteria (55%), Bacteroidetes (11,7%), Firmicutes (3%),
Actinobacteria (2%) and Spirochaetes (1,2%), and 110 genera. The major fraction of the sequences detected corresponded to
Proteobacteria, Beta- and Gammaprotebacteria being the most abundant classes. The microbiota of P. maximus gonad harbour
a wide diversity, however differences on male and female samples were observed, where female gonad samples show a larger
number of genera and families. The dominant bacterial genera appeared to be Delftia, Acinetobacter, Hydrotalea, Aquabac-
terium, Bacillus, Sediminibacterium, Sphingomonas, and Pseudomonas that were present among the four analysed samples.
This next generation sequencing technique, applied for the first time in P. maximus (great scallop) gonads was useful for the
study of the bacterial communities in this mollusc, unravelling the great bacterial diversity in its microbiota. [Int Microbiol
19(2): 93-99(2016)]
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Introduction

Great scallop (Pecten maximus) is a bivalve mollusc species
of great value in aquaculture due to its high market price. The
main producers of this bivalve mollusc are France and United
Kingdom [7]. However, the production of cultured scallops
is still low since scallops at early life stages are susceptible
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to high mortalities. Due to their filter-feeding mechanism,
bivalve molluscs have an abundant associated microbiota that
can play an important role in their nutrition [5,6,25,29]. It has
been proposed that the microbiota of shellfish is associated
with the aquatic habitat and varies with factors such as
salinity, bacterial load in the water, temperature, diet and
rearing conditions [12,21]. Considering that scallops live in
an environment with high concentration of microorganisms,
opportunistic pathogens might be present [13,19], although
their virulence would depend on the environment and bivalve
conditions.
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Most studies of bacterial communities associated with
bivalves have been based on cultured strains, and in a study
made in Chile with P maximus, the main isolated bacteria
were specific pathogens or probionts [24]. However,
recently molecular methods have been applied to bacterial
communities associated to molluscs. Sandaa et al. studied the
bacterial communities associated with great scallop larvae
using denaturing gradient gel electrophoresis (DGGE) and
subsequent sequencing [30]. They found that more than
50% of the 16S rRNA gene sequences among the different
samples (algal cultures, hatchery systems and scallop larvae)
belonged to Gammaproteobacteria class. Sequences from
DGGE bands were assigned to uncultured Cytophaga-
Flexibacter group, Pseudoalteromonas sp., Vibrio sp. and
Alteromonas/Pseudoalteromonas group. In a study focused
on the microbiota associated to oysters (C. gigas and C.
corteziensis) in three different stages, temperature gradient gel
electrophoresis (TGGE) bands were sequenced to determine
the bacterial community revealing low bacterial diversity,
with the main groups belonging to the Proteobacteria and
Firmicutes phyla [33].

In the last few years, high-throughput pyrosequencing has
been developed and applied to 16S rRNA gene analysis to
enhance the knowledge about bacterial communities present
on different natural and host-associated samples. The study
of bacterial diversity associated to three oyster species [34],
analysing V3-V5 regions of the 16S rRNA gene, generated
sequences belonging to 13 phyla. Proteobacteria was the
most abundant phylum, and within this phylum Alpha- and
Gammaproteobacteria comprised the dominant classes.

The results presented here, to the best of our knowledge,
mean the first data on the analysis of the microbiota associated
to the gonads of cultured great scallop, before and after
spawning, applying pyrosequencing of the 16S rRNA gene.
The process of the spawning induction represents an important
stressful factor, which may cause considerable changes in
the resident microbiota of the scallop, increasing the risk of
disease. Within the main routes of bacterial contamination
to larval culture, such as incoming seawater, broodstock,
and microalgal food, breeders could be one important route
of pathogens input. Additionally, there are some evidences
on other oyster species of bacterial transfer from parents to
larval stages after the spawning [23], which may contain
potential pathogens to larvae. In this sense, the current work
aims to determine the effect of the spawning induction on
the microbiota associated to scallop gonads. Our results will
lead to a better understanding of the interactions between
the host and its associated microbiota. In addition, it might

constitute the optimization of a suitable model for future in-
depth studies of the overall bacterial composition associated
to the great scallop.

Material and methods

Sample collection. Four gonad samples of scallop broodstock were
collected in a Norwegian hatchery located at Bergen (60° 30" 53.77" N, 4°
54' 14.75" W) on January 2011 and used for the analysis. Four samples,
including two female (F) and two male (M) gonad samples were collected
before (bS) and after (aS) spawning. The spawning was induced by thermal
shock by the method described by Gruffyd and Beamont [10]. Before and
after spawning, the external surface was washed by scrubbing under running
water, washed with 70% ethanol and allowed to dry. The scallops were then
opened aseptically by cutting the adductor muscle with a sterile scalpel.
One gram of the gonad tissue was homogenized in 1 ml of artificial sterile
seawater (ASW).The samples were stored at —20°C until DNA extraction.

DNA extraction. DNA was extracted using the MasterPure Complete
DNA and RNA Purification kit (Epicentre Biotechnologies) following the
manufacturer’s instructions with a previous step of lysozyme (SIGMA)
treatment (1 mg/ml, 37 °C for 30 min). The DNA concentration and quality
was determined by agarose gel electrophoresis (1% wt/vol agarose in Tris-
acetate-EDTA buffer) and using NanoDrop ND-1000 spectrophotometer
(Thermo Scientific). DNA extracted was stored at —20 °C until use for PCR
amplification.

PCR and pyrosequencing. A fragment of the 16S rRNA gene
was amplified using the universal primers 27F and 785R with annealing
temperature of 52 °C and 20 cycles to minimize PCR biases [32]. The number
of cycles was increased with equal conditions when the DNA concentration
was insufficient. This approach has been used to reduce the frequency of
nonspecific amplification [20]. The 27F universal primer was modified to
contain an 8-bp “tag sequence” specific to each sample [16]. Barcodes were
different in at least two nucleotides from each other to minimize mistakes
in sample assignments. PCR products were purified using Nucleofast plates
(Macherey-Nagel) following the manufacturer’s instructions. The final
concentration of DNA per sample was measured by picogreen fluorescence
in a Modulus 9200 fluorimeter from Turner Biosystems. The pyrosequencing
was performed unidirectionally from the forward primer at the Center for
Advanced Research in Public Health (CSISP; Valencia, Spain) using 454-
FLX sequencer (Roche) with Titanium Plus chemistry.

Quality assessment. Sequence end-trimming was performed to remove
10-bp windows with average quality values <20, as well as sequences of
<250 bp and sequences with more than one ambiguous base call were
removed using Ribosomal Database Project pyrosequencing pipeline (RDP)
[35]. The program was used to separate samples according to the barcode
sequences tagged to each forward primer. The possible chimeric sequences
were detected with the UCHIME program [6], and an average of 2% of
sequences for each sample were removed as possible chimeras.

Taxonomic analyses of sequence reads. The taxonomic
assignment of the sequences was made using the RDP multiclassifier [35]
using an 80% bootstrap confidence cutoff. For unidentified sequences a
Blastn search was performed in order to lighten this issue. Many chloroplast
sequences were detected (1550 sequences) that could be amplified with
universal primers of the 16S rRNA gene [2], and removed before the
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diversity analyses. For bacterial diversity estimation in the samples, the
number of operational taxonomic units (OTUs) at 97% sequence identity
was determined, and rarefaction analysis was carried out. Rarefaction curves
were obtained by plotting the number of observed OTUs against the number
of sequences. Equal number of sequences were used to minimize the biases
caused by differences in the sequencing effort [31], using the minimum
sample size. The diversity and richness of the samples were studied by
calculating the Shannon and Chaol indexes using the RDP Pipeline [35].
The overall composition of the microbial communities was compared using
principal coordinate analysis (PCoA) performed by Fast Unifrac [11,15]
using the weighted algorithm. This tool measures the similarity between
bacterial communities based on phylogenetic distances. The number of
shared OTUs between communities/samples was visualized using the Venn
function in gplots [cran.r-project.org/package=gplots].

Significance tests based on the phylogenetic UniFrac distances [11] were
performed. The P-values reported for multiple comparisons were adjusted by
Bonferroni correction [25].

Results

The high-throughput sequencing approach was successfully
applied to the microbiota associated to scallops. The number
of reads filtered and the reads assigned at the genus level
were higher on samples after spawning (Table 1). Despite the
fact that differences on sequencing efficiency were observed,
they being lower in sample M-bS, the numbers of genera
and families were similar in the four samples. Evenness of
samples appeared to be at the same level (Shannon—Wiener
indexes) among samples, ranging from 5.56 to 6.20 values,
indicating similar microbial diversity. However, Chaol
indexes showed differences among samples, and F-aS sample
appeared to be the sample with highest richness (Table 1). The
rarefaction analysis showed that the microbiota from female
gonad samples was more diverse than the microbiota from
male gonad samples (Fig. 1).

A total of 18,520 sequences were detected among the
samples and sets of unclassified bacteria (data not shown),
due to the 97% cutoff level of assignment, were manually
assigned using a Blastn search, they having been classified
as unculturable bacteria from other pyrosequencing studies.
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Fig. 1. Comparison of rarefaction curves among the four gonad samples,
showing the number of OTUs (at 97% 16S rRNA gene sequence similarity) as
a function of the number of sequences analysed. F-aS: female gonad sample
after spawning; M-aS: male gonad sample after spawning; F-bS: female
gonad sample before spawning; M-bS: male gonad sample before spawning.

However, the taxonomic assignment of the sequences pointed
out a great diversity, with a total of 13 phyla (including
Bacteroidetes, Proteobacteria, Spirochaetes, Actinobacteria
and Firmicutes) and showed that the main bacterial classes
Alpha-
proteobacteria, Sphingobacteria, Actinobacteria and Bacilli.

were Betaproteobacteria, Gammaproteobacteria,
These groups represented more than 80% of the bacterial
classes in samples with the exception of M-aS sample (Fig.
2A). Dominant families were the same among the four samples,
namely Chitinophagaceae, Moraxellaceae, Comamonadaceae,
Pseudomonadaceae and Sphingomonadaceae, they showing
differences in their relative frequencies. Note that some
families were more abundant in some pair of samples, such
as Xanthomonadaceae and Rhodocyclaceae with higher
frequencies in female gonad samples compared to male gonad
samples, or the Enterobacteriaceae family that was not present
in samples before spawning.

Table 1. Summary of the characteristics of the scallop samples, sequences analysed and diversity/richness indexes. F-aS: female
gonad sample after spawning; M-aS: male gonad sample after spawning; F-bS: female gonad sample before spawning; M-bS: male

gonad sample before spawning

Reads filtered OTUs No of genera No of families Shannon—Wiener Index Chaol index
Samples
F-bS 4395 1399 67 43 5.85 771.73
M-bS 2240 1162 41 35 5.56 526.50
F-aS 6742 2990 66 44 6.20 1482.12
M-aS 5143 2859 45 32 5.67 622.59
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Fig. 2. Relative abundances of the bacterial classes (A) and genera (B) in the microbiota associated to scallop gonads. The graphs show the percentage (>1%)
of 16S pyrosequencing reads assigned to different bacterial taxa. F-aS: female gonad sample after spawning; M-aS: male gonad sample after spawning; F-bS:

female gonad sample before spawning; M-bS: male gonad sample before spawning.

Genera with the largest number of sequences detected,
namely Delftia, Acinetobacter, Hydrotalea, Aquabacterium,
Bacillus, Sediminibacterium, Sphingomonas, and Pseudo-
monas, appear in every sample with abundances over 1% of

the total sequences assigned (Fig. 2B). The assignment at the
genus level revealed the presence of more than 110 genera.
However, approximately half of the sequences could not be
assigned to any bacterial genus.
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Fig. 3. Principal coordinates analysis (PCoA) from gonads samples according
to microbiota composition. F-aS: female gonad sample after spawning;
M-aS: male gonad sample after spawning; F-bS: female gonad sample before
spawning; M-bS: male gonad sample before spawning.

The PCoA analysis showed that each sample could be
differentiated by their microbial community composition (Fig.
3), where the two principal coordinates account for a 77.05%
cumulative variance. The shared genera were shown via Venn
diagram (Fig. 4) to compare differences among 4 gonad samples.
Most genera (20-36) were shared between samples. Male gonad
samples showed less unique genera (8-9), both before and after
spawning. The second component of the analysis separated
samples from male and female gonads and the principal component
of the analysis separated gonads before spawning from samples
after spawning. The microbial composition of the gonad samples
differed significantly (P-test < 1.0-e03) depending on sampling
time (before and after spawning) and on the gonad part of the
scallop (female or male).

Discussion

We found a large microbial diversity in the scallop gonad,
where the variability of the bacterial communities among
the samples was significant, as it could be seen in the PCoA
analysis. Samples before and after spawning were selected
to test whether the bacterial community changed or not.
Thus, the method used to induce the spawning did not affect

F-bS
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Fig. 4. Venn diagram showing the unique and shared genera among scallop
samples.

the composition of the main bacterial groups, which were
conserved after the thermal shock. In fact, in all samples the
main bacterial groups were the same, although with different
abundances. Rarefaction curves and the total of sequences
obtained were not completely homogeneous and more
sequencing effort would be required to reach saturation.
Among the total
Proteobacteria comprised the largest fraction. In fact,

of sequences detected, phylum
Betaproteobacteria and Gammaproteobacteria, which are
known to be highly abundant in marine environments, were
the most dominant classes [27]. It is known that most classes
within Proteobacteria play important roles in bivalve molluscs,
specifically they are able to degrade cellulose and agar, which
are major components of the food consumed by these marine
invertebrates, and some members of this phylum can fix
nitrogen in the gastrointestinal tract of bivalves [18,21,36].
The 16S rRNA gene sequences from DGGE analysis obtained
by Sandaa et al. [30] differed from our results, taking into
account that they used algal cultures, hatchery systems and
scallop larvae samples, where the main bacterial class was
Alphaproteobacteria, except on larval samples, in which the
predominant class was Gammaproteobacteria.Our results
are in accordance with those of Trabal-Fernandez et al.,
who have reported that Proteobacteria is the most abundant
phylum in oysters [34]. However, they have observed
differences in the abundances of Proteobacteria classes when
comparing the bacterial communities at different growth
stages and cultivation sites. In general, Alphaproteobacteria
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and Gammaproteobacteria were the principal classes among
the three oyster species, and only one sample showed
Betaproteobacteria as the most abundant class. In this sense,
studies about the bacterial communities of the North Atlantic
deep-water [1] have provided similar results on the most
abundant classes (Alphaproteobacteria) in the bathypelagic
and subsurface waters, and only with depth, do the relative
abundances of Gamma-, Delta- and Betaproteobacteria
increase. In contrast to our results, Alphaproteobacteria
appear to be one of most abundant classes both in oysters
species and North Atlantic deep-water samples. However, we
only analysed the microbial community of one organ and not
the entire organism, which could explain these differences.
Note that, for some of the main genera detected in this
study, a small number of species has been described at the
time of writing, namely Hydrotalea (2 species), Delftia (5
species), Aquabacterium (6 species) and Sediminibacterium
(3 species) [14]. On average, these genera represented almost
20% of the whole bacterial community. By and large, these
genera are inhabitants of different aquatic environments
including marine freshwater and hot spring runoff habitats.
The high abundances of these genera suggest that probably
most species of these bacterial genera are still unknown. Note
that no sequences belonging to Vibrio genus were detected
and only a few sequences from Pseudoalteromonas genera
were observed. These bacterial groups had been described as
main components of the cultured microbial communities in
several mollusc species, such as oysters [17,22], clams [28]
and scallops [30]. However, our results agree with findings
of Trabal-Fernandez et al. [33,34], in which the presence of
Vibrio species in different oysters species is low. The absence
of Vibrio sequences may be related to the fact of having
analysed only the gonad and not other organs nor the whole
mollusc. The selection of the variable regions of the 16S
rRNA gene and primer design might represent an important
bottleneck on the detection of certain genera, such as Vibrio or
Pseudoalteromonas, therefore it must be considered in future
studies.

The next generation sequencing (NGS) approach revealed
that scallop gonads harbour a diverse bacterial population
before and after spawning. Despite some differences
observed on the presence or abundances of certain genera,
the dominant bacterial groups are the same among different
samples. These results suggest that spawning should have
minor effects on the bacterial composition of the gonads.
However, the physiological and ecological importance of
these bacterial communities it is still unknown. Further
studies are needed to improve the knowledge about the

microbiota present in these molluscs and their biological
significance by increasing the number and type of samples,
including more organs in the study, as well as other NGS
techniques that will provide more accurate information. It is
important to understand not only which bacterial groups are
present but also what is the ecological relation between the
host and the resident bacteria. &4
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