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Abstract  Bacterial community presumably plays an essential role in inhibiting pathogen colonization and maintaining the health 
of scallop larvae, but limiting data are available for Yesso scallop (Patinopecten yessoensisis Jay, 1857) larval development stages. 
The aim of this study was to characterize and compare the bacterial communities associating with Yesso scallop larval development 
at fertilized egg S1, trochophora S2, D-shaped larvae S3, umbo larvae S4, and juvenile scallop S5 stages by Illumina high-throughput 
sequencing. Genomic DNA was extracted from the larvae and their associating bactera, and a gene segment covering V3-V4 region 
of 16S rRNA gene was amplified and sequenced using an Illumina Miseq sequencer. Overall, 106760 qualified sequences with an 
average length of 449 bp were obtained. Sequences were compared with those retrieved from 16S rRNA gene databases, and 4 phyla, 
7 classes, 15 orders, 21 families, 31 genera were identified. Proteobacteria was predominant phylum, accounting for more than 99%, 
at all 5 larval development stages. At genus level, Pseudomonas was dominant at stages S1 (80.60%), S2 (87.77%) and S5 (68.71%), 
followed by Photobacterium (17.06%) and Aeromonas (1.64%) at stage S1, Serratia (6.94%), Stenotrophomonas (3.08%) and 
Acinetobacter (1.2%) at stage S2, Shewanella (25.95%) and Pseudoalteromonas (4.57%) at stage S5. Moreover, genus Pseudoal-
teromonas became dominant at stages S3 (44.85%) and S4 (56.02%), followed by Photobacterium (29.82%), Pseudomonas (11.86%), 
Aliivibrio (8.60%) and Shewanella (3.39%) at stage S3, Pseudomonas (18.16%), Aliivibrio (14.29%), Shewanella (4.11%), Psychro-
monas (4.04%) and Psychrobacter (1.81%) at stage S4. From the results, we concluded that the bacterial community changed sig-
nificantly at different development stages of Yesso Scallop larvae. 
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1 Introduction 
The commercial scale cultivation of Yesso scallop 

(Patinopecten yessoensis) in Liaoning and Shandong 
Provinces, China, makes an important contribution to the 
socioeconomic development of these coastal regions. 
Nonetheless, mass mortality occurred frequently during 
the seed production due to opportunistic pathogens, 
which has become one of the major limiting factors for 
the culture of Yesso scallop (Liu et al., 2015). The serious 
economic loss associated with hatchery failures is appar-
ently due to bacterial infections, which has promoted re-
searches into the presence of bacteria at various steps of 
seed production. Studies are appreciated to define the 
problem and produce applicable biotechnology which may 
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aid to producing reliable scallop seeds by the commercial 
growers, thus supplying the seeds year-round. 

Like other bivalves, scallop larvae are filter-feeding, 
and are exposed to large quantities of bacteria. Bacteria 
play crucial roles in causing larval diseases. The study on 
bacterial community is the first step to manipulate a bac-
terial population with an aim of identifying possible 
pathogens and probiotics. The knowledge of bacterial 
community associated with larvae will be essential for 
improving the seed production. Bacterial diversity and 
community structure associated with scallop and oyster 
larvae have been studied previously using culture-de- 
pendent technique (Godoy et al., 2011), denaturing gra-
dient gel electrophoresis (DGGE) (Sandaa et al., 2003), 
temperature gradient gel electrophoresis (TGGE) and 
restriction fragment length polymorphism (RFLP) (Trabal 
et al., 2012). 

Massively parallel next generation sequencing (NGS) 
platforms (Shendure et al., 2008) have now been used for 
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a broad range of applications to address diverse biological 
problems (Liang et al., 2011). The bacterial and archaeal 
diversities have been investigated on NGS platforms in 
the marine environment (Angly et al., 2006; Huber et al., 
2007; Desnues et al., 2008; Galand et al., 2009; Gilbert  
et al., 2010; Gilbert et al., 2012). Recently, the microbiota 
associating with reared Great scallop (Pecten maximus) 
gonads before and after spawning (Lasa et al., 2014) and 
the bacterial diversity in the mantle of healthy and incised 
symptoms of Yesso scallop (Ding et al., 2014) have also 
been studied by pyrosequencing 16S rRNA gene. How-
ever, less is known about the bacterial composition asso-
ciated with Yesso scallop larvae. The aim of this study 
was to characterize and compare bacterial communities 
associating Yesso scallop larval development at different 
stages by Illumina high-throughput sequencing, thus pro-
viding the basis for managing scallop seedling raising 
systems.  

2 Materials and Methods 
2.1 Sample Collection 

Yesso scallop larvae were reared in seawater in 100 L 
tanks under static conditions at a density of 5–6 larvae 
mL−1 and fed Dicrateria inornata, 100 mL, 7–9×105 cells 
mL−1, three times a day. Low-pressure electrical blowers 
provided aeration via air stones. Water temperature was 
kept at 15 ± 1℃ and salinity at 32 ± 0.5 (Practical Salinity 
Units). Half (50%) of the seawater each tank was re-
placed every day. Mortality occurred from D-shaped lar-
vae to umbo larvae. The sick larvae sunk to the bottom 
and the healthy larvae suspended in the seawater. Healthy 
larvae were collected from three tanks with gauze during 
development lasting for five stages. Then three larvae 
samples at each stage were collected and pooled equally. 
The mixture of larvae (approximately 0.1 g) were rinsed 
three times with sterilized seawater to remove non-at- 
tached bacteria, and then homogenized fully with 0.4 mL 
sterilized seawater. The homogenates were immediately 
stored at −80℃ until DNA extraction. 

2.2 DNA Extraction and PCR Amplification  

Genomic DNA was extracted using a Rapid Soil DNA 
Isolation Kit (Shanghai Sangon Biological Engineering 
Technology and Services Company Limited, Shanghai, 
China) according to manufacturer’s instructions. A gene 
segment (V3-V4 portion) of 16S rRNA gene was ampli-
fied through PCR by predenaturing at 95℃ for 2 min fol-
lowed by 30 cycles of denaturing at 95℃ for 30 s, an-
nealing at 55℃ for 30 s and extending at 72℃ for 45 s, 
and an additional extension cycle at 72℃ for 10 min. The 
gene was amplified with primers 338F (5’-barcode-AC 
TCCTACGGGAGGCAGCA-3’) and 806R (5’-GGACTA 
CHVGGGTWTCTAAT-3’) (Lane, 1991; McBain et al., 
2003), in which barcode is an eight-base sequence unique 
to each sample. PCR was performed in triplicate and the 
reaction volume was 20 μL containing 4 μL of 5 × FastPfu 
buffer, 2 μL of 2.5 mmol L−1 dNTP (each nucleotide), 0.4 
μL of 5 μmol L−1 primers (each direction), 0.4 μL of Fast-

Pfu polymerase (2.5 U μL−1), and 10 ng of template DNA.  

2.3 Illumina MiSeq Sequencing  

Amplicons were extracted from 2% agarose gels and 
purified using the AxyPrep DNA Gel Extraction Kit 
(Axygen Biosciences, Union City, CA, U.S.) according to 
the manufacturer’s instructions and quantified using 
QuantiFluor™-ST (Promega, U.S.). Purified amplicons 
were pooled in equimolar and paired-end sequenced (2 × 
300) on an Illumina MiSeq platform following standard 
protocols (Majorbio Bio-Pharm Technology Co., Ltd., 
Shanghai, China). 

2.4 Processing of Sequencing Data 

Raw fastq files were demultiplexed, and quality-fil- 
tered using QIIME (version 1.17) (Caporaso et al., 2010) 
with the following criteria: (i) 300 bp reads truncated at 
any site over a 50 bp sliding window scored in average 
<20, truncated reads shorter than 50 bp; (ii) any mis-
matched in barcode region, 2 nucleotide mismatched in 
primer and reads containing ambiguous characters (iii) 
only sequences that overlap longer than 10 bp assembled 
and reads failed to be assembled discarded. Operational 
Taxonomy Units (OTUs) were clustered with 97% simi-
larity cutoff using UPARSE (version 7.1 http://drive5.com/ 
uparse/) (Edgar et al., 2011) and chimeric sequences were 
identified and removed using UCHIME (Edgar 2013). 
The most abundant sequence each OTU was chosen as 
the representative. The taxonomy each 16S rRNA gene 
sequence was analyzed by RDP Classifier (http: //rdp.cme. 
msu.edu/) (Wang et al., 2007) against the silva (SSU115) 
16S rRNA database (Quast et al., 2013) using confidence 
threshold of 70% (Amato et al., 2013). Rarefaction 
analysis, Coverage (the Good’s coverage) (http://www. 
mothur.org/wiki/Coverage), Ace (the Ace estimator) (http: 
//www.mothur.org/wiki/Ace), Chao (the Chao1 estimator) 
(http://www.mothur.org/wiki/Chao), Shannon index (http: 
//www.mothur.org/wiki/Shannon) and Simpson index 
(http://www.mothur.org/wiki/Simpson) were created us-
ing mothur software (version v.1.30.1 http://www.mothur. 
org/wiki/Schloss_SOP#Alpha_diversity). Coverage per-
centage was calculated as [1–(n/N)]×100, where n repre-
sents the number of single-member phylotypes and N 
represents the number of sequences. Venn, mcrobial 
community barplot, and Heatmap were performed in R 
software. 

3 Results 
3.1 Illumina Miseq Sequencing Data 

In total, 106760 valid sequences with an average length 
of 449 bp were obtained from larvae samples. The num-
ber of sequences of each larvae sample was showed in 
Table 1. Rarefaction curves generated at the OTUs level 
were approached to saturation (Fig.1), indicating that the 
sequencing depth was enough to reflect the diversity. 
Sixty five OTUs were obtained from larvae samples. The 
number of OTUs of each larvae sample ranged from 29 to 
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38 (Table 1, Fig.2). Our analysis revealed 4 phyla, 7 
classes, 15 orders, 21 families and 31 genera in total.  

Table 1 Alpha diversity obtained at different development 
stages of Yesso scallop larvae 

Sample Reads OTU Coverage (%) Ace Chao Shannon Simpson

S1 25842 37 99.95 50 48 0.63 0.67 
S2 15174 34 99.91 51 49 1.27 0.40 
S3 14685 38 99.93 50 46 1.78 0.24 
S4 19937 29 99.98 31 31 1.47 0.34 
S5 15719 31 99.94 42 42 1.51 0.30 

 

 

Fig.1 Rarefaction curves of OTUs clustered at 97% simi-
larity among development stages of Yesso scallop larvae.  

3.2 Species Richness and Diversity Estimates 

Bacterial taxonomic richness and diversity varied 
greatly among stages. As indicated by Chao and Ace in-
dices, stage S2 harbored the highest community richness, 
followed by stages S1, S3 and S5, while the lowest com-
munity richness was found at stage S4. Simpson and 
Shannon indices showed that the bacterial diversity in-
creased in order of stages S1, S2, S4, S5, and S3. 

3.3 Community Composition  

The shared OTUs were shown via Venn diagram (Fig.2). 
Each stage contained only a minority of special OTUs 
(varied between 1 and 9). Most of OTUs (16–26) were 
shared between stages.  

A total of 4 phyla, Proteobacteria, Bacteroidetes, Fir-
micutes and Fusobacteria, were identified among 5 stages, 
of them Proteobacteria covered richest 16S rRNA gene 
sequences (>99%) (Table 2) while the other 3 stages cov-
ered < 1% of the total. Sequences representing Proteo-
bacteria and Bacteroidetes were found at all stages excep-
tion S1 and S4 which contained 100% of Proteobacteria. 
Sequences from Firmicutes were only detected at S3 and 
those from Fusobacteria were detected only at S5.  

Candidates division was observed at genus level (Fig.3), 
and 31 genera were identified in total. Genera 22, 22, 20, 
16 and 21 were obtained at S1 through S5, respectively. 
The most abundant 16S rDNA sequences at S1 (80.60%), 
S2 (87.77%) and S5 (68.71%) belonged to Pseudomonas; 

followed by those to Photobacterium (17.06%) and 
Aeromonas (1.64%) at S1; Serratia (6.94%), Stenotro-
phomonas (3.08%) and Acinetobacter (1.21%) at S2; 
Shewanella (25.95%) and Pseudoalteromonas (4.57%) at 
S5. However, reads assigned to Pseudoalteromonas be-
came the dominant at S3 (44.85%) and S4 (56.02%); fol-
lowed by those to Photobacterium (29.82%), Pseudo- 
monas (11.86%), Aliivibrio (8.60%) and Shewanella (3.39%) 
at S3; Pseudomonas (18.16%), Aliivibrio (14.29%), She-
wanella (4.11%), Psychromonas (4.04%) and Psychro-
bacter (1.81%) at S4. The percentage of other genera at 5 
stages was less than 1%. 

 

 

Fig.2 Venn diagram showing OTUs unique to and shared 
by Yesso scallop larval development stages. 

Table 2 Phylum abundance (%) at Yesso scallop larval de-
velopment stages 

Stage Proteobacteria Bacteroidetes Firmicutes Fusobacteria

S1 100 0 0 0 
S2 99.70 0.30 0 0 

S3 99.96 0.01 0.03 0 
S4 100 0 0 0 
S5 99.92 0.04 0 0.04 

 

 

Fig.3 Genus abundance (%) at Yesso scallop larval de-
velopment stages. Sequence abundance less than 1% at a 
stage was combined into ‘others’. 
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The genus abundance distribution among 5 stages is 
shown in Fig.4. All 5 stages formed 2 clades, of them S1 

and S2 merged first then with S5, and S3 and S4 merged 
as the other clade. 

 

 

Fig.4 Heatmap based on the genus abundance similarity. Double hierarchical dendrogram shows the bacterial distribution 
among 5 stages. The heatmap plot depicts the relative percentage each genus (rows) at each stage (columns). The relative 
abundance of bacterial genera is depicted by color intensity with the legend appeared at the bottom of the figure. Clusters 
based on the distance of 5 stages along X-axis and the bacterial genera along Y-axis are indicated in the upper and left of 
the figure, respectively. 

4 Discussion 
In this study, a well-defined trend in bacterial commu-

nity succession was observed during development of scal-
lop larvae (Figs.3 and 4). Such trend was in agreement 
with the described previously in Chilean scallop (Ar-
gopecten purpuratus). When the larval culture progressed, 
the predominance and composition of bacterial genera 
changed (Godoy et al., 2011). Similarly, the bacterial 
community composition as revealed by DGGE profiling 
varied during the growth of Great scallop larvae (Sandaa 
et al., 2003). Proteobacteria was the predominant phylum, 
accounting for more than 99% at 5 stages of Yesso scal-
lop larval development. This phylum was also the domi-
nant around healthy adult Yesso scallop (adductor muscle, 
foot, gill, gonad, haemolymph, intestine and mantle) 
(Schulze et al. 2006; Ding et al. 2014). Similar result was 
found by Godoy et al. (2011) in Chilean scallop larvae in 
which Proteobacteria accounted for 65% of the total. At 
the genus level, when data from the 5 larval development 
stages were considered together, Pseudomonas, Pseu-
doalteromonas, Photobacterium, Shewanella, Aliivibrio, 
Serratia, Psychromonas, Stenotrophomonas, Psychro-
bacter, Aeromonas and Acinetobacter (>1%) were the top 

11 genera. All of them have been previously reported as 
part of the bivalve larvae or adult bacterial community, 
for example, Pseudomonas, Pseudoalteromonas, Photo-
bacterium and Shewanella were detected with culture- 
dependent method and DGGE in healthy adult Yesso 
scallop (Schuze et al., 2006). Culturable Pseudomonas 
and Pseudoalteromonas were found to be dominant at 
larval stage of Chilean scallop (Riquelme et al., 1994; 
Godoy et al., 2011). Pseudoalteromonas-like bacteria 
were confirmed to be associated with larvae of Great 
scallop through DGGE (Sandaa et al., 2003). Acineto-
bacter and Pseudomonas were among the most prevalent 
genera associating with reared Great scallop gonads be-
fore and after spawning as was demonstrated by pyrose-
quencing 16S rRNA gene (Lasa et al., 2014). Pseudomo-
nas, Pseudoalteromonas, Photobacterium, Shewanella, 
Stenotrophomonas, Aeromonas and Acinetobacter were 
found in wild adult Pacific oyster Crassostrea gigas 
(Kueh and Chan, 1985; Schuze et al., 2006; Gomez-Gil  
et al., 2011). Pseudomonas, Aeromonas and Acinetobac-
ter could be isolated from the sea mussel Perna uiridis 
and the arkshell clam Scapharca cornea (Kueh and Chan, 
1985). Pseudoalteromonas, Photobacterium, Shewanella, 
Serratia, Stenotrophomonas, Aliivibrio, Psychromonas,  
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Psychrobacter and Aeromonas could be detected in Ma-
nila clams (Ruditapes philippinarum) or the carpet-shell 
clam Ruditapes decussatus (Schuze et al., 2006; Bourouni 
et al., 2007; Hidalgo et al., 2008; Romalde et al., 2013).  

In this study, larval mortality occurred during the tran-
sition from the D-shaped to umbo larvae and at the entire 
period of stage S4. This coincided with the great change 
of bacterial community which significantly differs at S1, 
S2 and S5 (Figs.3 and 4). Relative abundance of Pseu-
doalteromonas, Aliivibrio, Psychromonas, Psychrobacter 
and Vibrio at S3 and S4 were higher than those at other 3 
stages (Figs.3 and 4). Vibrio splendidus- and V. tasma-
niensis-like strains have been found to be associated with 
mass mortality of Yesso scallop larvae in hatchery of 
Zhang Zidao Island Group (Liu et al., 2015). The se-
quences of OTU 102 (V. splendidus) at stages S3 and S4 
was more abundant than that at other 3 stages. V. splen-
didus has also been identified as the pathogen for the 
mass mortality of Great scallop larvae in a hatchery near 
Bergen, western Norway (Torkildsen et al., 2005). A Vi-
brio anguillarum-related strain that is pathogenic to Chil-
ean scallop larvae has been identified (Riquelme et al., 
1995), while Vibrio pectenicida has been isolated and 
described by Lambert et al. (1998) as the major cause of 
mortality during the production of Great scallop larvae in 
France. Pseudoalteromonas sp. LT13 produced high 
mortality in the challenge test in 10- to 16-day-old Great 
scallop larvae (Torkildsen et al., 2005). For the bacteria in 
the present study, an assessment of the virulences of spe-
cies in genera Pseudoalteromonas, Aliivibrio, Psychro-
monas and Psychrobacter in the Yesso scallop larvae is 
warranted. 

Previous studies demonstrated that bacteria may bene-
fit scallop larvae. Pseudoalteromonas haloplanktis (for-
merly Alteromonas haloplanktis) and Vibrio sp. were able 
to confer protection to Chilean scallop larvae against in-
fection of pathogenic Vibrio anguillarum (Riquelme et al., 
1996; Riquelme et al., 1997). Riquelme et al. (2001) car-
ried-out experiments by adding the inhibitory-producer 
bacterial strains to massive A. purpuratus larval cultures. 
The inoculation of mixtures of strains Vibrio sp. C33 and 
Pseudomonas sp. 11 made the development of larval 
stages without antibiotics possible. In the culture of Great 
scallop larvae, protection against Vibrio coralliilyticus 
and V. splendidus was provided by prior administration of 
Phaeobacter allaeciensis and Alteromonas macleodii 
0444. Significant protection with Pseudoalteromonas sp. 
D41 was only provided against V. splendidus (Kesar-
codi-Watson et al., 2012). However, whether the bacteria 
in genera of Pseudoalteromonas, Vibrio, Pseudomonas, 
Phaeobacter and Alteromonas found in this study have a 
probiotic effect in Yesso scallop larvae culture is unclear 
and requires further investigation. 

In conclusions, a clear trend in bacterial community 
succession was demonstrated across different Yesso scal-
lop larval development stages. With our knowledge, this is 
the first detailed study of Yesso scallop larvae-associ- 
ated bacterial communities by high-throughput sequenc-
ing. It extended current knowledge on microbial commu-

nity dynamics in a scallop larval development. 
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