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Abstract 

Since it can be a source of new microorganisms with biological potential, it is important to identify the 

microorganisms found in environments with high boron content in terms of ecological and biotechnological application 

potentials. In this context, deposit waters in environments where boron mining activities perform are important habitats 

for boronophilic/boronotolerant microorganisms. 

In this study, bacterial community in the waste mining ponds of Balıkesir-Bigadiç and Eskişehir-Kırka Boron 

Mining Operations were investigated by using 16S rDNA gene-targeted Illumina MiSeq sequencing. The greater parts 

of high-throughput sequences were related to Proteobacteria, Planctomycetes, Bacteriodetes, Verrucomicrobia and 

Actinobacteria phyla. Cyanobacteria and Parcubacteria were other notable groups with low abundance. Genera 

belonged to Blastopirellula, Luteolibacter, Porhyrobacter and Hydrogenophaga were the most abundant taxa for all the 

samples. Sandarakinorhabdus, Pseudoanabena, Roseinatronobacter and Pontimonas genera-affiliated reads were also 

detected at in the October samples. Striking seasonal variations were detected between samples in terms of the type and 

number of microbial populations.  
 

Keywords: boron, high-throughput sequencing, microbial diversity 
 

----------  ---------- 
 

Bor maden göletleri: bakteriyel çeşitliliğe metagenomik bakış 
 

Özet 

Biyolojik potansiyeli olan yeni mikroorganizmaların kaynağı olabileceği için, bor içeriği yüksek ortamlarda 

bulunan mikroorganizmaların belirlenmesi ekolojik ve biyoteknolojik uygulama potansiyelleri açısından önemlidir. Bu 

bağlamda, bor madenciliği faaliyetlerinin gerçekleştirildiği çevrelerdeki birikinti suları boronofilik / boronotolerant 

mikroorganizmalar için önemli habitatlardır.  

Bu çalışmada, Balıkesir-Bigadiç ve Eskişehir-Kırka Bor Maden İşletmeleri atık madenciliği havuzlarındaki 

bakteri topluluğu, 16S rDNA gen hedefli Illumina MiSeq dizilimi kullanılarak incelenmiştir. Yüksek verimli dizilerin 

büyük kısımları Proteobacteria, Planctomycetes, Bacteriodetes, Verrucomicrobia ve Actinobacteria filumları ile ilişkili 

bulunmuştur. Cyanobacteria ve Parcubacteria, düşük miktara sahip diğer önemli gruplar arasındadır. Blastopirellula, 

Luteolibacter, Porhyrobacter ve Hydrogenophaga'ya ait cinsler tüm örneklerde en çok bulunan taksonlardır. Ekim 

örneklerinde Sandarakinorhabdus, Pseudoanabena, Roseinatronobacter ve Pontimonas cinsine bağlı okumalar da 

tespit edilmiştir. Mikrobiyal popülasyonların türü ve sayısı açısından örnekler arasında çarpıcı mevsimsel farklılıklar 

tespit edilmiştir. 
 

Anahtar kelimeler: bor, mikrobiyal çeşitlilik, yüksek verimli dizileme 
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1. Introduction 

 

3.1. Chemical components of sampling area 

 

The high concentrations of metals in the boron mine drainage with two seasons in two different sampling areas 

were determined as B and Li and they are shown in Table 1. Especially, the concentrations of boron are higher in 

PA_K1 and PA_K2 at the first season. However, the boron concentration in 2B1 and 2B2 was very high at the second 

season. The sampling areas show the difference about boron content according to season. The region in Kırka was rich 

in term of boron in autumn and other region (Bigadic) was rich in term of boron in spring.  

 

Table 1. Element contents of sampling areas (K1, K2, B1 and B2; Kırka 1, Kırka 2, Bigadiç 1 and Bigadiç 2, 

respectively) 
Element K1 K2 B1 B2 

 1st 

season 

2nd 

season 

1st 

season 

2nd 

season 

1st 

season 

2nd 

season 

1st 

season 

2nd 

season 

B (5 ppb) 4330569 659014 2400865 159111 790555 2894267 258714 2417816 

Ba (0.05 ppb) 670 <80 293 51.32 <80 390 51.04 225 

Ca (0.05 ppm) 10 196.70 20.7 44.46 212.40 13.40 55.54 17 

K (0.05 ppm) 189 9 107 7.34 12 182 8.05 124 

Li (0.1 ppb) 258.449 1.071 146.492 1058.1 1.277 17.929 788.2 12.519 

Mg (0.05 ppm) 36 54.00 37 31.56 59 34.00 27 36.00 

Na (0.05 ppm) 7.018 468.00 4.561 248.81 476 6.246 275.69 5.025 

S (1 ppm) 552 260 450 138 286 506 116 453 

Sr (0.01 ppb) 2.904 24.032 4.539 11587.32 27.673 2.708 18834.48 3.815 

 

3.2. The general view of microbial diversity  

 

Species richness estimates (Chao1 and ACE) and diversity indices (Shannon and Simpson) for the four 

sampling timepoints are presented in Table 2. Reads were repossessed and comprised 2167, 1303, 1387, 1152, 783, 

1577, 1044, and 1838 OTUs, with Shannon diversity entropy of 5.13, 4.34, 4.76, 4.18, 3.59, 4.99, 3.80 and 4.47 for 

2K_2, 2B_2, 2K_1, 2B_1, PA_B1, PA_K1, PA_B2, PA_K2 respectively, after the quality filter. 

 

Table 2. Diversity estimates of the samples based on high-throughput sequencing data 

 

We identified 45 bacterial phyla in the boron containing samples by 16S rRNA gene sequencing. The most 

highly represented phyla throughout the samples were Proteobacteria, Planctomycetes Bacteroidetes, Verrucomicrobia 

and Actinobacteria. The top 10 most abundant phyla in each sample are shown in Figure 2.  

 

 

Set Name 

Sample 

Name ACE CHAO Jackknife OTUs NPShannon Shannon Simpson 

Phylogenetic 

Diversity 

Good's 

coverage of 

library(%) 

March_2019_Sampling 2K_2 3466.61 3003.44 3164.97 2167 5.32 5.13 0.034 943 95.11 

March_2019_Sampling 2B_2 2138.66 1874.56 2180.07 1303 4.47 4.34 0.047 736 97.05 

March_2019_Sampling 2K_1 1754.76 1589.52 1797.00 1387 4.88 4.76 0.039 664 97.95 

March_2019_Sampling 2B_1 1814.01 1634.13 1901.99 1152 4.29 4.18 0.046 991 97.47 

October_2018_sampling PA_B1 1428.22 1254.60 1420.89 783 3.69 3.59 0.067 743 98.02 

October_2018_sampling PA_K1 2301.05 2110.67 2230.63 1577 5.12 4.99 0.028 903 96.83 

October_2018_sampling PA_B2 2872.30 1749.62 1975.36 1044 3.92 3.80 0.053 1329 97.18 

October_2018_sampling PA_K2 3019.26 2677.00 3103.58 1838 4.65 4.47 0.108 1252 95.80 



 

Boron mine ponds: metagenomic ınsight to bacterial diversity 

Pınar AYTAR ÇELİK, Mehmet Burçin MUTLU, Ferhan KORKMAZ, Belma NURAL YAMAN, Serap GEDİKLİ, Ahmet ÇABUK 

Biological Diversity and Conservation – 14 / 2 (2021)          231 

 

Figure 2. The top 10 most abundant phyla in each sample 

At the phylum level, microbial community composition showed seasonal and regional variations, with the 

phylum Proteobacteria detected at a high level in Bigadiç samples [samples: (PA_B2) 89.10%, (PA_B1) 46.60% vs 

(PA_K1) 28.69% and (PA_K2) 22.96%)], and more abundant during autumn (41.65%) than during spring (29.10%) 

samples (Figure 3). 

 
Figure 3. Taxonomic profiles of samples at the phylum level (A), order level (B) and genus level (C) revealed by 16S 

rRNA gene-targeted Illumina MiSeq sequencing (All samples, first and second season). 
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3.2.1. Sampling region B1 

 

Proteobacteria was the predominant group for both October and March samples, 46.60% and 56.38% 

respectively (Fig. 4). OTUs were distributed mainly within Sandarakinorhabdus (17.98%), Porhyrobacter (14.86%), 

Luteolibacter (12.36%), Pontimonas (11.65%), Limnothrix (10.45%), Pseudoanabena (9.44%), Hyphomonas (5.21%) 

(Proteobacteria) in this region for both sampling. OTUs of Algoriphagus and Polymorphobacter genera were detected 

in low abundance. Sandarakinorhabdus and Pontimonas related OTUs were found to be more represented in PA_B1 

than in other sampling areas.  

 

 

Figure 4. Taxonomic profiles of samples at the phylum level (A) and genus level (B) revealed by 16S rRNA gene-

targeted Illumina MiSeq sequencing (B1 sampling, first and second season) 

 

3.2.2. Sampling region B2 

Sample 2B_2 was different from the others by harboring 48.7% Verrucomicrobia. Proteobacteria related 

sequences was 28.32% in October sampling, while it increased to 89.02% in March (Fig. 5). OTUs belonging to 

Hydrogenophaga (19.48%), Porphyrobacter (15.42%), Limnohabitans (11.46%) and Sandarakinorhabdus (9.27%) 

were found to be quite abundant at the genus level in sample PA_B2. OTUs belonging to Luteolibacter was 46.44% in 

sample 2B_2 and this genus not detected in October. Low abundance OTUs were associated with the genera 

Gemmobacter, Rhodobacter and Ketogulonicigenium. OTUs of Sandarakinorhabdus, Hydrogenophaga, 

Porphyrobacter, Limnohabitans and Roseococcus in this region were not detected in Kırka (PA_K1 and PA_K2) 

samples.  

 

 

 Figure 5. Taxonomic profiles of samples at the phylum level (A) and genus level (B) revealed by 16S rRNA gene-

targeted Illumina MiSeq sequencing (B2 sampling, first and second season) 

 

3.2.3. Sampling region K1 

Proteobacteria, Bacteriodetes, Actinobacteria, Parcubacteria and Rhodothermoaota were the main groups (Fig. 

6) in Kırka samples (PA_K1 and PA_K2). OTUs were mostly associated with the orders Rhodobacterales, 
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Planctomycetales, Saprospirales and Nitrilirupturales. Blastopirellula, Roseinatrobacter and Brumimicrobium were the 

most represented genera. Other low abundance OTUs belonged to the genera Planktosalinus. OTUs of Blastopirellula 

were more abundant in Kırka region and not detected in Bigadiç samples. 

 

 

Figure 6. Taxonomic profiles of samples at the phylum level (A) revealed by 16S rRNA gene-targeted Illumina MiSeq 

sequencing (K1 sampling, first and second season) 

 

3.2.4. Sampling region K2 

Sampling region K2 was different from the others by harboring up to 35.24% Planctomycetes. Planctomycetes, 

Proteobacteria, Bacteriodetes, Actinobacteria and Parcubacteria were the main groups in this region. Blastopirellula 

was the most represented genera both October and March samplings (Figure 7). 

 

 

Figure 7. Taxonomic profiles of samples at the phylum level (A) revealed by 16S rRNA gene-targeted Illumina 
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3.3. Investigation of Dominant Taxa 

 

  Aquatic bacteria belonging to the deep-branching phylum Planctomycetes play a major role in global carbon 

and nitrogen cycles. Anammox bacteria branch deeply within the Planctomycetes phylum and they were subsequently 

characterized in natural environments, including marine, estuary, freshwater, and terrestrial habitats [24].  

Cyanobacteria play an important role in changeable the habitat. After artificially degrading (including abundant 

minerals) they settle in inanimate substrates. These habitats are characterized by high concentrations of heavy metals, 

lack of water, high levels of isolation and deficient nutrient contents [25]. They have different great adaptability traits 

that allow cyanobacteria to grow, reproduce and dominate in many other habitats where other life forms are absolutely 

unknown and may even be difficult to survive. However, in our study we have found that Cyanobacteria did not appear 

as one of the dominant groups except for the PA_B1 sample according to MiSeq reads data. Gloeobacter is also 

belonged to Cyanobacteria phylum was also abundant in B1 sample. 

The bacteria of Proteobacteria were dominant in various environments. This phylum has gram negative bacteria and 

large metabolic diversity [26, 27] in widespread environments. In this study, the phylum was analyzed in four sampling 

at the two seasons.  

It is obvious that subtle changes in the environment, such as varying metal concentrations, nutrient availability 

and the presence of natural aquifers, will affect microbial communities near and within mineral-rich areas. However, all 

the efforts for characterizing the microbiome in mineral-rich samples is helping us understand the distinct difference 

between microbial communities between different types of ore..  

 

4. Conclusions and discussion 

 

Extreme environments have been attracted attention and studied in various conditions by culture dependent and 

culture independent techniques due to the widely spread capacities.  Since no systematic study on the microbial ecology 

aspects of Boron mines has so far been reported, results of this work will be useful to determine and to characterize the 

indigenous microbiota of the Boron mines in Turkey.  

 

Acknowledgements 
 

This study was supported by Eskişehir Osmangazi University Scientific Research Project Committee (Project 

No: 201838064). 

 

References 

 

[1] Böcük, H., Yakar, A. & Türker, O. C. (2013). Assessment of Lemna gibba L. (duckweed) as a potential 

ecological indicator for contaminated aquatic ecosystem by boron mine effluent. Ecological Indicators, 29, 538–

548. https://doi.org/10.1016/j.ecolind.2013.01.029 

[2] Kabu M., Kabu, M., Uyarlar, C., Zarczynska, K., Milewska, W. & Sobiech, P. (2015). The role of boron in 

animal health. Journal of Elementology, 20(2), 535–541. https://doi.org/10.5601/jelem.2014.19.3.706 

[3]    Poyraz, N. & Mutlu, M. B. (2017). Alkaliphilic bacterial diversity of Lake Van/Turkey. Biological Diversity and 

Conservation, 10(1), 92-103. 

[4]     Gürsu, B. Y., Aytar, P., İlhan, S., Kocabıyık, Y. E., Gedıkli, S. & Çabuk, A. (2017). Diversity of microfungi in 

acid mine drainages. Biological Diversity and Conservation, 10(3), 190-198. 

[5] Nural Yaman, B., Deniz Sonmez, G., Aytar Celik, P., Korkmaz, F., Mutlu, M. B. & Cabuk, A. (2019). 

Culture‐dependent diversity of boron‐tolerant bacteria from boron mine tailings pond and solid wastes. Water and 

Environment Journal, 33(4), 574–581. https://doi.org/10.1111/wej.12429 

[6] Miwa, H. & Fujiwara, T. (2009). Isolation and identification of boron-accumulating bacteria from contaminated 

soils and active sludge. Soil Science and Plant Nutrition, 55(5), 643–646. https://doi.org/10.1111/j.1747-

0765.2009.00402.x 

[7] Ahmed, I., Yokota, A. & Fujiwara, T. (2007a). Chimaereicella boritolerans sp. Nov., a boron-tolerant and 

alkaliphilic bacterium of the family Flavobacteriaceae isolated from soil. International Journal of Systematic and 

Evolutionary Microbiology, 57(5), 986–992. https://doi.org/10.1099/ijs.0.64728-0 

[8] Ahmed, I., Yokota, A. & Fujiwara, T. (2007b). Gracilibacillus boraciitolerans sp. Nov., a highly boron-tolerant 

and moderately halotolerant bacterium isolated from soil. International Journal of Systematic and Evolutionary 

Microbiology, 57(4), 796–802. https://doi.org/10.1099/ijs.0.64284-0 



 

Boron mine ponds: metagenomic ınsight to bacterial diversity 

Pınar AYTAR ÇELİK, Mehmet Burçin MUTLU, Ferhan KORKMAZ, Belma NURAL YAMAN, Serap GEDİKLİ, Ahmet ÇABUK 

Biological Diversity and Conservation – 14 / 2 (2021)          235 

[9] Aytar, P., Kay, C. M., Mutlu, M. B., Çabuk, A. & Johnson, D. B. (2015). Diversity of acidophilic prokaryotes at 

two acid mine drainage sites in Turkey. Environmental Science and Pollution Research, 22(8), 5995–6003. 

https://doi.org/10.1007/s11356-014-3789-4 

[10] Çınar, S. & Mutlu, M. B. (2016). Comparative analysis of prokaryotic diversity in solar salterns in eastern 

Anatolia (Turkey). Extremophiles, 20(5), 589–601. https://doi.org/10.1007/s00792-016-0845-7. 

[11] Mutlu, M. B., Martínez-García, M., Santos, F., Peña, A., Guven, K. & Antón, J. (2008). Prokaryotic diversity in 

Tuz Lake, a hypersaline environment in Inland Turkey: Prokaryotic diversity in an inland Turkish salt lake. 

FEMS Microbiology Ecology, 65(3), 474–483. https://doi.org/10.1111/j.1574-6941.2008.00510.x 

[12] Çınar, S. & Mutlu, M. B. (2020). Prokaryotic Community Compositions of the Hypersaline Sediments of Tuz 

Lake Demonstrated by Cloning and High-Throughput Sequencing. Microbiology, 89(6), 756–768. 

https://doi.org/10.1134/S0026261720060028 

[13] Nural Yaman, B., Aytar Çelik, P., Mutlu, M. B. & Çabuk, A. (2020). A Combinational Analysis of Acidophilic 

Bacterial Diversity of an Iron-Rich Environment. Geomicrobiology Journal, 37(10), 877–889. 

https://doi.org/10.1080/01490451.2020.1795320 

[14] Nural Yaman, B., Mutlu, M. B., Aytar Celik, P. & Çabuk, A. (2020). Metagenomics (16S Amplicon Sequencing) 

and DGGE Analysis of Bacterial Diversity of Acid Mine Drainage. Journal of Microbiology, Biotechnology and 

Food Sciences, 9(5), 932–936. https://doi.org/10.15414/jmbfs.2020.9.5.932-936 

[15] Orphan, V. J., Hinrichs, K.-U., Ussler, W., Paull, C. K., Taylor, L. T., Sylva, S. P., Hayes, J. M. & Delong, E. F. 

(2001). Comparative Analysis of Methane-Oxidizing Archaea and Sulfate-Reducing Bacteria in Anoxic Marine 

Sediments. Applied and Environmental Microbiology, 67(4), 1922–1934. 

https://doi.org/10.1128/AEM.67.4.1922-1934.2001 

[16] Watanabe, K., Watanabe, K., Kodama, Y., Syutsubo, K. & Harayama, S. (2000). Molecular Characterization of 

Bacterial Populations in Petroleum-Contaminated Groundwater Discharged from Underground Crude Oil Storage 

Cavities. Applied and Environmental Microbiology, 66(11), 4803–4809. 

https://doi.org/10.1128/AEM.66.11.4803-4809.2000 

[17] Handelsman, J., Rondon, M. R., Brady, S. F., Clardy, J. & Goodman, R. M. (1998). Molecular biological access 

to the chemistry of unknown soil microbes: A new frontier for natural products. Chemistry & Biology, 5(10), 

R245–R249. https://doi.org/10.1016/S1074-5521(98)90108-9 

[18] Oulas, A., Pavloudi, C., Polymenakou, P., Pavlopoulos, G. A., Papanikolaou, N., Kotoulas, G., Arvanitidis, C. & 

Iliopoulos, l. (2015). Metagenomics: Tools and Insights for Analyzing Next-Generation Sequencing Data Derived 

from Biodiversity Studies. Bioinformatics and Biology Insights, 9, BBI.S12462. 

https://doi.org/10.4137/BBI.S12462 

[19] Nural Yaman, B., Mutlu, M. B., Aytar Çelik, P. & Çabuk, A. (2021). Prokaryotic Community Determination of 

Metal-Rich Acidic Environment by Comparative Methods, Geomicrobiology Journal, 38(6), 504-514. 

https://doi.org/10.1080/01490451.2021.1897713 

[20] Helvaci, C. (2003). Türkiye Borat Yatakları Jeolojik Konumu, Ekonomik Önemi ve Bor Politikası. Balıkesir 

Üniversitesi Fen Bilimleri Enstitüsü Dergisi, 5(1).  

[21] Kozich, J. J., Westcott, S. L., Baxter, N. T., Highlander, S. K. & Schloss, P. D. (2013). Development of a Dual-

Index Sequencing Strategy and Curation Pipeline for Analyzing Amplicon Sequence Data on the MiSeq Illumina 

Sequencing Platform. Applied and Environmental Microbiology, 79(17), 5112–5120. 

https://doi.org/10.1128/AEM.01043-13 

[22] Yoon, S. H., Ha, S. M., Kwon, S., Lim, J., Kim, Y., Seo, H. & Chun, J. (2017). Introducing EzBioCloud: A 

taxonomically united database of 16S rRNA gene sequences and whole-genome assemblies. International 

Journal of Systematic and Evolutionary Microbiology, 67(5), 1613–1617. https://doi.org/10.1099/ijsem.0.001755 

[23] Yarza, P., Yilmaz, P., Pruesse, E., Glöckner, F. O., Ludwig, W., Schleifer, K. H., Whitman, W. B., Euzéby, J., 

Amann, R. & Rosselló-Móra, R. (2014). Uniting the classification of cultured and uncultured bacteria and 

archaea using 16S rRNA gene sequences. Nature Reviews Microbiology, 12(9), 635–645. 

https://doi.org/10.1038/nrmicro333 

[24] Sonthiphand, P., Hall, M. W. & Neufeld, J. D. (2014). Biogeography of anaerobic ammonia-oxidizing 

(anammox) bacteria. Frontiers in Microbiology, 5. https://doi.org/10.3389/fmicb.2014.00399 

[25] Trzcińska, M. & Pawlik-Skowrońska, B. (2008). Soil algal communities inhabiting zinc and lead mine spoils. 

Journal of Applied Phycology, 20(4), 341–348. https://doi.org/10.1007/s10811-007-9259-3 

[26] Kersters, K., De Vos, P., Gillis, M., Swings, J., Vandamme, P. & Stackebrandt, E. (2006). Introduction to the 

Proteobacteria. In M. Dworkin, S. Falkow, E. Rosenberg, K.-H. Schleifer, & E. Stackebrandt (Eds.), The 

Prokaryotes (pp. 3–37). Springer New York. https://doi.org/10.1007/0-387-30745-1 

[27] Stevens, H., Stübner, M., Simon, M. & Brinkhoff, T. (2005). Phylogeny of Proteobacteria and Bacteroidetes from 

oxic habitats of a tidal flat ecosystem. FEMS Microbiology Ecology, 54(3), 351–365. 

https://doi.org/10.1016/j.femsec.2005.04.008 

 


