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Abstract. There are in plenty of microbial resources in Panjin Red Beach, which is a unique wetland in 

Liaoning province. In this experiment, we investigated bacterial diversity and community in order to 

understand internal soil microbial community characteristics composition of the soil. Soil samples were 

collected in five different areas. The bacterial diversity and community were investigated using combined 

culture-dependent and culture-independent approaches (high-throughput sequencing technology). 

Through the high-throughput sequencing of the Panjin Red Beach soil, bacterial community turned out to 

be mainly composed of 13 phyla in the samples collected from the five studied areas, which were 

Tenericutes, Spirochaetae, Latescibacteria, Verrucomicrobia, Planctomycetes, Cyanobacteria, 

Actinobacteria, Gemmationadetes, Chloroflexi, Acidobacteria, Firmicutes, Bacteroidetes and 

Proteobacteria. By cultivable methods, 80 halophilic and alkalophilic bacteria were isolated, and 42 

bacteria were selected to be identified by 16S rDNA, and were determined to belong to nine genus and 

four phyla. Bacillus and Planococcus was the dominant genus. Accordingly, the bacterial diversity was 

rich in Panjin Red Beach. Moreover, the data gathered using high-throughput technology is far more 

accessible than culture-dependant methods. 

Keywords: microbial resources, extreme environment, culture-independent, culture-dependent, bacterial 

diversity 

Introduction 

Extreme environmental microbes are groups of microbes which can grow and 

reproduce in the extreme regions. For example, thermophilic microbes growing in 

environments such as hot springs and craters (Stetter et al., 1990), cold-loving microbes 

growing in extreme cold regions such as the Antarctic, snowy mountains and deep 

oceans (Liu et al., 2001), acidophilic microorganisms growing in metal deposits, saline 

soils and sulfur-bearing hot springs (Olson et al., 2003; Zettler et al., 2002), halophilic 

bacteria growing saline-alkali soil, alkaline lake and ocean environment (Horikoshi, 

1999; Margesin and Schinner, 2001; Shi et al., 2012). A broad-spectrum of salt- and 

alkali-tolerant, and even drought-resistant microbial species resources were found in 

saline-alkaline soil (Shi et al., 2012). Panjin Red Beach is a very rare shallow shoal, in 

which soil belongs to saline-alkaline type. Though the microorganisms in extreme 

environments of saline-alkaline soil has been reported in former researches (Rietz and 

Haynes, 2003; Zahran, 1997), an in-depth study on the microbial resources in Panjin 

Red Beach extreme saline-alkaline soils is particularly rare. Therefore, we investigated 

structure and diversity of soil microbial communities in Panjin Red Beach region. 
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Not only the survival status of the microbes was understood in a given habitat under 

certain culture conditions, but also the new species resources were obtained with 

potential application value by the traditional cultivable method (Bever et al., 2012). 

However, diversity of microbial communities is affected by culture-dependent methods 

in laboratory due to some uncertain factors. Moreover, 0.001-15% of the microbes in 

the environment can be cultured by culture-dependent methods. For the microorganisms 

existing in extreme environments, a large number of them are not allowed to be 

cultured. The microbial information obtained by culture-dependent methods is greatly 

limited. Some researchers explored methods and techniques by DGGE, clone library 

and T-RFLP for microbial community structure, but not explain the composition, 

diversity and function of microbial communities (Theron et al., 2000; Vanwonterghem 

et al., 2014). High-throughput sequencing technology provides an efficient method for 

analyzing species composition and relative abundance of microbial communities in 

complex environments, which can directly sequencing 16S rRNA gene PCR products 

and simultaneously analyze hundreds of different samples (Chistoserdova, 2010; Rinke 

et al., 2013). At present, it has been widely used in studies on the structural diversity of 

microbial communities in ocean, soil, human intestinal tract and other samples 

(Herlemann et al., 2011; Xia et al., 2011; Passalacqua et al., 2009). Therefore, 

traditional culture methods combining with High-throughput sequencing technology can 

comprehensively reflect the diversity of soil microbial. At present, the study on the 

diversity of microbial resources in Panjin Red Beach mainly focused on the soil 

microbes in Suaeda salsa the roots and endophyte (Zhao et al., 2015; Tian et al., 2016). 

In the present study, we used traditional culture methods combining with High-

throughput sequencing technology to study the diversity of soil microbial in Panjin Red 

Beach. 

Materials and methods 

Samples collection and analysis 

Soil samples were collected from Panjin Red Beach in Panjin city of Liaoning 

province, China in July and September, 2016. Samples collected from 0-15 cm depth 

soil by five dot collection methods were homogeneously mixed and placed in sterile 

PVC bag, respectively, at five representative plots selected in the test area. All 

treatments were conducted in triplicate at each plot. Soil samples were put into ice box 

and brought lab. Some of them were kept in -80 °C and sent to Shanghai Majorbio 

Corporation (Shanghai, China) to analyze bacteria community structure by high-

throughput sequencing. The microbial species richness was represented by the number 

of unique OTUs (16S rDNA). Chao and Shannon’s diversity index were also calculated 

based on 16S rDNA for comparison of alpha-diversity. 

The others were used to determine soil character and analyzed bacterial diversity by 

culture-dependent methods. 

 

Determination of soil pH and electric conductivity 

Soil samples were put into clean paper and dried in shade place at temperature. The 

dried samples screened by 1 mm net. Samples (10 g) were put into 50 mL bottle. After 

adding 25 mL distilled water, samples were violently vibrated 5 min on magnetic 
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agitator and let stand for 1 h. Then, pH was determined by pH meter. All samples were 

conducted in triplicate. All samples were conducted in triplicate. 

Samples (20 g) adding 100 mL water (1:5 m/V) were vibrated 5 min at 20 ± 1 °C. 

The 30 mL extraction buffer was used to determine electric conductivity at 25 ± 1 °C by 

conductivity meter. 

 

Solid medium 

Beef extract 0.3%, peptone 1%, NaCl 1.5%, agar 2%, pH 9.0, 121 °C autoclave 

steam sterilization 30 min (Shen et al., 2006). 

 

Isolation and purification of microorganisms 

Five studied areas samples (10 g) were gradient diluted with sterile saline, 

respectively. Different gradient bacterial suspension (10-3, 10-4, 10-5) were uniformly 

spread on the surface of solid isolation medium plate. Each dilution was conducted in 

triplicate. Aseptic water was used as control. All treatments were cultured 2 days at 

37 °C in incubator. According to clone morphology, different single clone was purified 

and inoculated in solid slope media for other treatments. 

 

Molecular identification of cultured bacteria 

The total genomic DNA of the cultured bacteria strain was extracted and purified 

using Bacterial DNA Isolation Kit (Sangon Biotech Co., Ltd, China) according to 

manufacturer’s instructions. The 16S rDNA of the isolate was amplified through PCR 

reaction using the universal primers 27f (5’-AGAGTTTGATCATCCTGGCTCAG-3’) 

and 1492r (5’-TACGGTTACCTTGTTACGACTT-3’) synthesized by Sangon Biotech 

Co., Ltd (Shanghai, China). PCR reactions were performed in 50 μL mixture PCR 

reaction system containing 27f (10 µM) and 1492r (10 µM) primer 1 μL, respectively, 

DNA template 2 μL, 2×Premix Taq (5.0 U/μL) 25 μL, ddH2O 21 μL. PCR reaction 

condition was 95 °C 5 min, 95 °C 1 min, 55 °C 1 min, 72 °C 2 min, 35 cycles, 72 °C 

10 min. PCR products were sent to Shanghai Sangon Biotech Co. Ltd to sequence. 

Homology comparison was conducted online in EzBioCloud database 

(https://www.ezbiocloud.net/). 

Results and discussion 

Soil electric conductivity and pH value 

Soil electric conductivity and pH value reflected degree of soil saline-alkali. In five 

geographical regions studied, the highest pH value is 8.66, and the lowest pH value is 

8.09. The highest electric conductivity is 10.6 mS/cm, and the lowest value is 

3.65 mS/cm (Table 1). These data showed that the soil of five geographical regions 

studied is saline-alkali soil. 

 
Table 1. Soil electric conductivity and pH value in five checked plots 

 HHT-1 HHT-2 HHT-3 HHT-4 HHT-5 

pH 8.57 8.66 8.46 8.36 8.09 

Electric conductivity 6.05 4.92 10.6 5.21 3.65 
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Diversity of cultured bacteria by culture-dependent 

Cultured bacteria of five studied areas samples were isolated and purified in solid 

medium by culture-dependent methods, respectively. A total of 80 strains were isolated 

and purified from the plates that could grow steadily and fast in solid medium. Forty-

two strains were selected as the representative strains according to the morphological 

characteristics of the colonies and the Gram stains. However, Tian et al. (2016) isolated 

and purified 22 strains in Suaeda rhizosphere soil in Panjin delta. This circumstance 

may be partly due to the difference in sampling time and location, and may also be due 

to the different media used. In the present study, the selected 42 selected isolates were 

identified by 16S rDNA sequence analysis (Table 2), which belonged to four phyla 

containing Actinobacteria 14.29%, Bacteroidetes 4.76%, Firmicutes 50%, 

Proteobacteria 30.95%. Forty-two isolates were divided into nine genera respectively, 

for example Agromyces, Arthrobacter, Kocuria, Pseudarthrobacter, Zhihengliuella, 

Cellulosimicrobium, Pontibacter, Myroides and Bacillus. Among nine genera, Bacillus 

and Pseudomonas were dominant genus. 

 

Diversity of uncultured bacteria by high-throughput sequencing 

Rarefaction curves of five samples were gradually towards flatness, and index 

reached saturation, which indicated that amount of sequencing data was reasonable and 

covered composition of flora in five samples (Fig. 1). Sequencing data represented 

microbe level of five samples, respectively. The number of unique operational 

taxonomic units (OTUs) (16S rRNA gene) represented the microbial species richness 

(Li et al., 2018). In this study, there were 184079 reads and 10154 OTUs at a cutoff of 

97% sequence similarity across all soil samples. The observed bacterial OTU numbers 

varied between 1854 and 2322 in samples of five studied areas (Table 3). The coverage 

frequency was 99.26%, 99.44%, 99.53%, 99.6% and 99.57%, respectively. These 

showed that the information of microbial species in each region studied is basically 

fully reflected. 

 

 

Figure 1. Rarefaction curves of five studied areas samples 
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Table 2. Halophilic alkali bacteria cultured in five studied areas samples 

Name Top-hit taxon Accession No. Similarity (%) 

YJ1 Bacillus siamensis KCTC 13613 99.79 

YJ2 Bacillus megaterium NBRC 15308 99.93 

YJ3 Cellulosimicrobium cellulans LMG 16121 99.86 

YJ4 Bacillus altitudinis 41KF2b 100 

YJ5 Bacillus wiedmannii FSL W8-0169 99.93 

YJ7 Bacillus paramycoides NH24A2(T) 99.67 

YJ10 Arthrobacter endophyticus EGI 6500322 99.5 

YJ14 Bacillus aryabhattai B8W22 100 

YJ24 Brevibacterium frigoritolerans DSM 8801 99.37 

YJ25 Paenibacillus lautus NRRL NRS-666 99.42 

YJ26 Acinetobacter johnsonii CIP 64.6 98.89 

YJ27 Bacillus velezensis CR-502 99.43 

YJ29 Sphingorhabdus marina DSM 22363 98.37 

YJ30 Pseudomonas songnenensis NEAU-ST5-5 99.5 

YJ31 Exiguobacterium marinum DSM 16307 99.93 

YJ33 Bacillus aquimaris KCTC 3903 98.83 

YJ34 Nitratireductor aquimarinus CL-SC21 99.7 

YJ35 Sphingorhabdus marina DSM 22363 97.4 

YJ38 Bacillus flexus NBRC 15715 99.17 

YJ39 Myroides marinus JS-08 99.42 

YJ40 Planococcus rifietoensis M8 99.38 

YJ42 Bacillus crassostreae JSM100118 100 

YJ43 Bacillus cereus ATCC 14579 100 

YJ44 Photobacterium halotolerans MACL01 99.25 

YJ45 Bacillus safensis FO-36b 100 

YJ46 Agromyces arachidis AK-1 99.27 

YJ48 Halomonas heilongjiangensis 9-2 99.27 

YJ49 Bacillus litoralis SW-211  99.31 

YJ51 Zhihengliuella halotolerans YIM 70185  99.56 

YJ52 Bacillus idriensis SMC 4352-2  99.43 

YJ54 Planococcus salinarum DSM 23820  99.29 

YJ55 Arthrobacter subterraneus CH7  99.21 

YJ56 Pontibacter odishensis JC130  98.27 

YJ61 Erythrobacter citreus RE35F/1  98.41 

YJ63 Pseudomonas linyingensis LYBRD3-7  99.03 

YJ64 Pseudomonas kunmingensis HL22-2  98.75 

YJ65 Pseudomonas zhaodongensis NEAU-ST5-21  99.5 

YJ66 Kocuria polaris CMS 76  98.74 

YJ67 Pseudarthrobacter oxydans KCTC 3383  99.71 

YJ68 Bacillus zhangzhouensis DW5-4  99.86 

YJ71 Exiguobacterium profundum 10C  99.93 

YJ77 Pseudomonas guineae LMG 24016  99.07 

YJ78 Bacillus alkalisediminis K1-25  99.36 

 



Wei et al.: Bacterial diversity of the Panjin Red Beach based on high-throughput and culture-dependent methods 

- 15718 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(6):15713-15720. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1706_1571315720 

© 2019, ALÖKI Kft., Budapest, Hungary 

Table 3. Community indices of five samples 

Sample reads OTUs Chao index Shannon index Coverage (%) 

HHT1 32030 1854 2181 5.72 99.26 

HHT 2 40125 2167 2256 5.64 99.44 

HHT 3 36007 1891 2413 5.76 99.53 

HHT 4 38580 1920 2267 5.01 99.61 

HHT 5 37337 2322 2497 5.87 99.57 

 

 

The Chao and Shannon diversity index are the indicator of the abundance and an 

assessment of the diversity of bacteria in the biological environment, respectively 

(Chao, 1984; Shannon, 1948; Smalla, 2001). The index Chao across all soil samples 

was very high (Table 3). The index Chao of the HHT5 sample was the highest among 

them. However, the value of the HHT1 samples was the lowest, which indicated that the 

abundance was the lowest. The index Shannon of the HHT5 sample was the largest 

among them, which indicated that the diversity of bacteria was the most abundance. 

There were mainly 13 phyla in five samples, which were Tenericutes, Spirochaetae, 

Latescibacteria, Verrucomicrobia, Planctomycetes, Cyanobacteria, Actinobacteria, 

Gemmationadetes, Chloroflexi, Acidobacteria, Firmicutes, Bacteroidetes and 

Proteobacteria. The relative abundance of each category varied across the five samples. 

The relative abundance of Proteobacteria of HHT1 sample was the highest among five 

samples, which reached 48.03%. Firmicutes was also the widely distributed bacterial 

phylum in the other four studied samples, but it was completely missing in the HHT5 

sample (Fig. 2A). The dominant phyla across soil samples were Proteobacteria (from 

33.54 to 48.03% in five studied samples) and Bacteroidets (from 16.6 to 32.3% in five 

studied samples), which were consistent with the observation of Tian et al. (2016). The 

Aliifodinibius was the most abundant genus in all the samples accounting for 41.06%, 

44.57%, 37.78%, 31.06% and 36.9%, respectively, followed by Gillisia and Bacillus. 

And, there were many bacteria unidentified in genus level in five samples (Fig. 2B). 

 

          
A      B 

Figure 2. Bacterial relative abundance of five studied areas samples in phylum (A) and genus 

(B) level 
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In comparison with the culture-dependent methods, more bacteria were observed by 

high-throughput sequencing in phylum. Only four phyla bacteria were isolated by 

culture-dependent methods. However, there were 13 phyla, and more Chloroflexi 

bacteria of five studied areas samples and Gemmationadetes bacteria of HHT5 sample 

were observed by high-throughput sequencing (Fig. 2A), but these bacteria were not 

isolated by the culture-dependent methods (Table 2). Maybe, a special medium is 

needed to thrive for those bacteria. Therefore, the media suitable for saline-alkali 

environment should be developed to isolate species or strains that are best adapted to 

grow in saline-alkali soil. 

Conclusion 

The soil of five geographical regions studied is saline-alkali soil. By cultivable 

methods, 42 bacteria selected to identify by 16S rDNA belonged to nine genus and four 

phyla. Bacillus and Planococcus was the dominant genus. Through the high-throughput 

sequencing in five studied areas samples, bacterial community was mainly composed of 

13 phyla, which were Tenericutes, Spirochaetae, Latescibacteria, Verrucomicrobia, 

Planctomycetes, Cyanobacteria, Actinobacteria, Gemmationadetes, Chloroflexi, 

Acidobacteria, Firmicutes, Bacteroidetes and Proteobacteria. Therefore, the bacterial 

diversity was very rich in Panjin Red Beach. The bacteria strains should further be 

explored for agricultural and industrial use. 
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