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Tha Wang coast in Sichang island, Chonburi province, Thailand, serves a major pier, cargo transportation and is populated with anthropogenic activities. Hence, monitoring of environmental status, in part by microbial diversity, is essential. Previously, the coastal marine microbiota of this area in a dry season (February 2011) had been reported, but the database for a wet season is none. As marine microbiota in several sites were reported fluctuate between dry and wet seasons, specifically in the 2011 that one of the largest flood in Thailand history even occurred from July 2011 to January 2012; the present study thereby first revealed the coastal Sichang water microbiota in the 2011 wet season (July 2011) using metagenomic derived 16S rRNA gene sequencing. Wet and dry seasons showed differences in prokaryotic community richness and evenness: community similarity indices by Jaccard, Lennon, and Yue and Clayton were 2.06–58.28%. This resulted in differences in metabolic potentials, for instances the lower metabolisms for energy and nutrient cycling but the greater in pathogenesis in wet season. Our data were also compared against the flooding water microbiota nearby to Chonburi province to observe any possible correlation; and the coastal Sichang was found distinct given diverse sources of flooding water and local contamination might affect the diversity. In conclusion, this wet-season microbiota supported the better knowledge on the seasonal microbiota of coastal Sichang island.
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INTRODUCTION

Sichang island, Chonburi province, Thailand, situates around an equator, within 23.5 degree north and 23.5 degree south, of the upper Gulf of Thailand, and comprises two coasts. On an east side of Sichang coast, named Tha Wang (TW), is major local and international pier and cargo transportation, whereas on the west side coast named Tham Phang (TP) is quiet with neither pier and cargo transportation nor many human activities. TW also has rather close bay geography surrounding by the mainland of Thailand and two islands named Khaam Yai and Prong islands; and thus minimal water circulation compared with TP. More organic and non-organic wastes (e.g., glass bottles, plastics, biodegradable garbage, metals and hazardous materials) were reported at TW than TP (Piyatiratitivorakul and Rungsupa, personal communications and unpublished data; Chantanawisuti et al., 1996). Associated with these different coastal characteristics, Somboonna et al. (2012) reported dissimilar coastal marine microbial population structures between TW and TP in a dry season of year 2011: TW contain many harsh-living prokaryotic species with possible biotechnology application, meanwhile TP contain natural nutrient cyclers and some with possible pharmaceutical application.

In 2011, Thailand witnessed one largest floods in decades, covering over half of Thailand region (∼60,000 square kilometers), from July 2011 to January 2012. Thailand and other Southeast Asia countries, such as Philippines, Indonesia and Cambodia, generally occur flooding in a wet season due to tropical monsoon (Mhuantong et al., 2015). High water level in a wet season lowers concentration and availability of nutrients for marine microorganisms and organisms. Global ocean microbiome researches reported temperature and seasons as factors for changes of microbial structures, in open oceans and coral reefs (Gilbert et al., 2012; Somboonna et al., 2014; Campbell et al., 2015; Bulan et al., 2018); yet seasonal dynamics of microbial structures in coastal marine sites of the Gulf of Thailand remain limited. This study thereby described the Sichang coastal water microbiota in one period (July 2011) in a wet season of TW and TP (abbreviated TW-wet and TP-wet), and compared with our previous reports of dry season of TW and TP (abbreviated TW and TP) of the same corresponding year and analysis methods, metagenomics derived 16S rRNA gene sequencing (Somboonna et al., 2012).

Bacteria play crucial roles in marine food supplies, as initial producers (e.g., photosynthesis) and final recyclers (e.g., conversion of complex or toxic compounds to simple organic and inorganic substrates) (Moran et al., 2015). The latter is critical for coastal water where anthropogenic pollution is abundant. Our first culture-independent databases benefit marine biologists and environmentalists a better knowledge of microbial ecosystem and metabolic potentials, of wet season.

MATERIALS AND METHODS

Sample Collection

A minimum of triplicate water samples of TW-wet and TP-wet, at 5–100 cm depth, were collected into sterile glass containers on 17 July 2011, around 12:00–13:00 h. Measurements included GPS, water color, temperature, pH, salinity, and conductivity were recorded (Supplementary Table S1). The geographical location was consistent with Somboonna et al. (2012). The two coastal areas are not vast. All samples were stored at 4°C, and processed immediately upon laboratory arrival within 14 days.

Metagenomic Extraction

Each water sample was poured through four-layered sterile cheesecloths to remove ≥30 μm debris and large-size organisms, followed by a sterile 0.45-micron filter (Merck Millipore, MA, United States) to confine microorganisms of ≥0.45 μm (bacteria and archaea) onto the filter membrane. Then total nucleic acids were isolated using Metagenomic DNA Isolation Kit for Water (Epicentre, WI, United States), following the manufacturer’s instructions, and isolated metagenomes should be randomly sheared and appear around 40 kb in size (Begum and Murray, 2008). The metagenomes were analyzed for metagenomic DNA yield and quality by agarose gel electrophoresis with a fosmid control of around 40 kb (Epicentre) and A260/A280 nanodrop spectrophotometry.

Pyrotagged 16S rRNA Gene Sequencing

Universal prokaryote 338F (forward) and 803R (reverse) primers were used to amplify a 466-nucleotide sequence covering V3–V4 regions of 16S rRNA gene (Baker et al., 2003; Humblot and Guyoet, 2009). The forward and reverse pyrotagged-16S rDNA primers for TW-wet were 5′-TCTCTGTGACTCCTACGGGAGGCAGCAG-3′ and 5′-TCTCT GTGCTACCAGGGTATCTAATC-3′, and TP-wet were 5′-TC TACTCGACTCCTACGGGAGGCAGCAG-3′ and 5′-TCTAC TCGCTACCAGGGTATCTAATC-3′, where italic sequences represent the tagged sequences (Meyer et al., 2008). For each sample, a 50-μl PCR comprised 1× EmeraldAmp®GT PCR Master Mix (TaKaRa, Shiga, Japan), 0.3 μM of each primer, and 100 ng of the metagenomic DNA. PCR conditions were 95°C for 4 min, and 30 cycles of 94°C for 45 s, 50°C for 55 s, and 72°C for 1 min 30 s, followed by 72°C for 10 min. To minimize PCR bias, a minimum of two independent reactions were performed. The PCR products were purified using PureLink®Quick Gel Extraction Kit (Invitrogen, NY, United States), and the products belonging the same sample site were pooled for 175 ng each for pyrotagged TW-wet and TP-wet sequencing. Pyrosequencing was performed on an eight-lane Picotiter plate, using the 454-Life Sciences GS FLX Genome Sequencer system (Roche, Branford, CT, United States), following the manufacturer’s protocols. The datasets were deposited in NCBI Sequence Read Archive (SRA) under an accession number SRP095760.

Bacterial Diversity Analyses

Sequences were categorized TW-wet and TP-wet based on their pyrotag-sequences, then the pyrotagged and primer sequences were removed, and the sequences that do not pass the recommended quality parameters by Mothur (Schloss et al., 2009), including those of less than 100 nucleotides in length and chimera sequences, were removed. The sequences were annotated, visualized and computed for taxonomic compositions using VITCOMIC (Visualization tool for Taxonomic Compositions of Microbial Community) (Mori et al., 2010; Somboonna et al., 2012). BLASTN (Altschul et al., 1997) was performed with E-value ≤1E-08 and other default parameters, against 16S rDNA sequences from NCBI non-redundant (Sayers et al., 2010), RDP (Maidak et al., 2001), and Greengenes (McDonald et al., 2011) databases. Percent relative abundance for each phylum was computed from the frequency of reads in the phylum divided by the total number of identified reads. For community diversity estimates (Jaccard, Lennon, and Yue and Clayton (Thetayc) indices), phylogenetic clustering, and non-metric multidimensional scaling (NMDS) were computed using Mothur with default parameters (Schloss et al., 2009). These 16S rDNA data were compared with those of TW and TP of dry season of the same year (Somboonna et al., 2012), and of Thai flood water areas (Mhuantong et al., 2015). The comparing flood areas locate next and nearby provinces to Chonburi (Bangkok, Nonthaburi, Pathum Thani, and Nakhon Pathom provinces), and the samples were collected 5–150 cm depth in December 2011.

Metabolic Potential Analysis

PICRUSt (Langille et al., 2013) was used to predict metabolic potentials of microbiota into KEGG (Kyoto Encyclopedia of genes and genomes) pathways from the 16S rDNA data. Statistics and visualization were performed at KEGG pathway level 2 using STAMP version 2.1.3 (Parks et al., 2014). Statistic comparison was based on Fisher’s exact test and Benjamini-Hochberg False Discovery Rate (FDR) that yields q-value of <0.05 as significant.

RESULTS

Physical Properties and Metagenomic DNA

Temperature of coastal water of TW-wet and TP-wet were roughly equal as the two sites are only 0.010° latitude and 0.012° longitude apart (Supplementary Table S1). On-site visual observation for water color demonstrated TP-wet water was clearer than TW-wet. The water physical properties exhibited the slightly greater salinity, acidity (lower pH) and conductivity in TW-wet than TP-wet (Supplementary Table S1), partly consistent with previous reports (Somboonna et al., 2012) and the Sichang Marine Science Research and Training Station (SMaRT) monthly records (Rungsupa, personal communication and unpublished data). Comparing between the wet and dry seasons, dissimilarity was denoted, including the higher sea temperature and alkalinity pH while lower salinity and conductivity in the wet season (Supplementary Table S1: TW-wet vs. TW, TP-wet vs. TP). These different water physical properties and monsoon effect in wet season suggested microbial diversity between wet and dry seasons.

The metagenomic DNA appeared in proper size range (>12–40 kb) as described by manufacturer and included a size evaluation via a 40 kb fosmid (Begum and Murray, 2008). The metagenomic DNA yield per ml of seawater of TW-wet was higher than that of TP-wet (Supplementary Figure S1); nonetheless both were averagely half of that reported in a dry season: ∼0.26 ng/ml in wet season vs. ∼0.45 ng/ml in dry season (Somboonna et al., 2012).

Diversity of Microbial Communities and Functional Potentials Between Wet and Dry Seasons

The 16S rDNA profiles demonstrated a wet season had increase in bacterial members belonging Proteobacteria (TW-wet 70.71% vs. TW 56.84%, TP-wet 93.64% vs. TP 50.58%), but Actinobacteria (TW-wet 5.01% vs. TW 23.65%, TP-wet 2.34% vs. TP 41.16%), for both Tha Wang and Tham Phang; and specially for Tha Wang Bacteroidetes also became highly pronounced (TW-wet 24.27% vs. TW 13.68%, TP-wet 4.01% vs. TP 6.01%). Many species of Bacteroidetes are related to municipal wastes, such as feces; hence the finding might reflect Tha Wang’s effect of populated residents and close bay geography.

For diversity of bacteria, the far fewer bacterial diversity was in the wet season (Figures 1A,B). In TW-wet, species such as Bacteroidetes Gramella forsetii (14.51%) remained relatively abundant. This specie has been reported one major marine microbial adaptation, because it can degrade polymeric organic matter and plays a key role in the decomposition of carbon complexes for carbon cycling food chains in several marine ecosystems (Bauer et al., 2006; Langille et al., 2013; Kabisch et al., 2014). Another reserved species in TW-wet are of Proteobacteria in genus Ruegeria, such as R. pomeroyi (1.34%) (Figure 1A). This specie was abundant in coastal elsewhere with versatile utilization ability and roles in cycling of sulfur, carbon, nitrogen and many other compounds (i.e., sulfonate, dimethylsulphoniopropionate, and trimethylamine N-oxide) (Reisch et al., 2013; Rivers et al., 2014; Li et al., 2015). This finding of bacteria with complex organic users and saprophytes were also reported in the 16S rRNA gene sequencing survey in other high-water level areas during the 2011 Thailand flood crisis (Mhuantong et al., 2015). Other abundant species in TW-wet included Pseudoalteromonas haloplanktis (5.54%), Roseobacter denitrificans (5.54%), Marinomonas sp. (5.01%), Aeromonas salmonicida (5.28%), Pectobacterium atrosepticum (5.01%), Pseudomonas aeruginosa (2.11%), and Shigella dysenteriae (0.79%) (Figure 1A). These first prior three species, albeit at the lower percent prevalence than in the dry season, function involve cycling of organic nutrients (Medigue et al., 2005; Swingley et al., 2007; Bai et al., 2014), while the latter four species were reported pathogens of aquatic animals and plants (i.e., starch) (Panda et al., 2016), and thus the KEGG pathways of diseases were denoted in Figure 1C.
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FIGURE 1. Comparative bacterial diversity (A,B) and potential metabolisms (C,D) between TW-wet against TW, and TP-wet against TP, respectively. In (A,B), each identified read as represented by orange (TW-wet), blue (TW), red (TP-wet), or green (TP) dot, is annotated to genus and species level along the percent sequence similarity between the read and the annotated sequences (80–100%). Dot size refers to percent relative abundance because multiple reads could be annotated the same species, and only ≥0.05% relative abundance was displayed to fit limited diagram space. Gray dot represents conserved species. Sequence is placed on a circular diagram following its relative genetic distances among one another. Different type font color represents species belonging to different phylum. In (C,D), *represents q-value <0.05. See section “Materials and Methods” for details.



In Tham Phang, prevalent species in the wet season were similar to those in TW-wet, including Bacteroidetes Gramella forsetii (TP-wet 2.68%) and Proteobacteria Ruegeria spp. (1.34%). Unlike TP, TP-wet had diminished members of Actinobacteria, whereas microbial pathogens such as Shigella dysenteriae (25.75%), Pectobacterium atrosepticum (16.05%), and Vibrio vulnificus (8.68%) became abundant (Figure 1B). Nonetheless, as the relative amount of microbial metagenomic DNA of TP-wet was much lower than TW-wet (Supplementary Figure S1), a percentage of pathogen in TP-wet (Figure 1D, infectious diseases) might remain minimal in term of the abundance in nature compared with TW-wet. Besides metabolisms of diseases that were high in wet season, other relatively greater metabolisms in TW-wet and TP-wet were cellular processes and signaling, cell motility, and glycan biosynthesis and metabolism (Figures 1C,D).

The diverse differences in the communities between the seasons arouse the low community similarity coefficients by all community similarity formulas, i.e., Jaccard index of 0.0474 for Tha Wang and 0.044 for Tham Phang as reported in the lower right of Figures 1A,B. The closer the community similarity coefficient to 0.000 indicated no community similarity.

Similarity of Microbial Communities With Other Thailand Flood Sites

The TW-wet and TP-wet microbiota were compared with those of reported flood areas in Thailand (Mhuantong et al., 2015). Tha Wang and Tham Phang microbial communities albeit seasons were clustered separated from flood water of different sites albeit next and nearby provinces (Bangkok, Nonthaburi, Pathum Thani, and Nakhon Pathom) (Figure 2). Supportively, in addition to differences by sources of flood water and local contamination, the physical properties between ours and flood water samples were found different by water conductivity and water temperature.
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FIGURE 2. Phylogenetic relationship of bacterial diversity in wet and dry TW and TP, and among diverse flood affected areas of Thailand.


DISCUSSION

This study presented the first study to reveal coastal marine microbiome of the upper Gulf of Thailand, Sichang island, in wet season using metagenomics combined 16S rRNA gene sequencing. This year also signified the 2011 Thailand’s high-water level in decades. As climate change contributes not only sea-level rise from land-to-ocean flux of freshwater and affects global hydrological cycle, but also release of dissolved organic carbon as a result of glacier mass loss (Hood et al., 2015), together these affected diversity of bacteria and their metabolisms (e.g., carbohydrate metabolism and energy metabolism). Comparison between seasons, and with other flood sites from diverse sources of flooding water and local contamination, indicated uniqueness in Tha Wang and Tham Phang microbial ecosystems. The finding of site dependence was consistent with many previous marine microbiome databases. Albeit minimal, a tip of an iceberg of bacteria with infectious diseases metabolism in the wet season suggested an awareness and if flood occurs, a source of nutrients in food webs, and contaminants, in residential and agricultural areas in part support growth of these infectious disease bacteria. Mhuantong et al. (2015) reported that flood crisis disturbed microbial population with overgrowth of pathogens.
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FIGURE S1 |
Agarose-electrophoretic gels showing (A) TW-wet and (B) TP-wet. Left lane is 80 ng of a 40 kb fosmid control, and right lane is a 1 kb Plus DNA Ladder (Invitrogen) where the top band is at 12 kb.

TABLE S1 |
Water sampling sites (GPS) and physical properties.
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