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ABSTRAK 

ANALISIS METAGENOMIK KONSORSIUM BAKTERI ASIDOFILIK 

DI KAWASAN KAWAH IJEN BANYUWANGI DENGAN METODE 

NEXT GENERATION SEQUENCING 

 

Kawah Ijen merupakan danau asam alami terbesar di dunia yang berletak di bagian 

timur pulau Jawa, Indonesia dengan pH mencapai < 0,3. Kondisi kawah yang asam 

menjadi habitat yang cocok bagi bakteri asidofilik. Bakteri asidofilik merupakan 

jenis bakteri yang hidup pada habitat dengan pH rendah. Bakteri tersebtu berpotensi 

dalam kemajuan bioteknologi di masa depan. Pengaplikasian bakteri asidofilik 

diantaranya yakni pemanfaatan enzim acidstable pada industri pangan, pembangkit 

listrik, bioremediasi, serta bioleaching pertambangan logam. Tiap spesies bakteri 

asidofilik memiliki potensi tersendiri dalam pemanfaatan, sehingga perlu dilakukan 

identifikasi konsorsium bakteri asidofilik agar diketahui berbagai macam jenis 

spesies beserta tiap potensinya. Penerapan teknik metagenomik pada proses 

identifikasi taksa bakteri dinilai cepat dan efisien serta mampu mengetahui interaksi 

komunitas mikroba terhadap kondisi lingkungan secara ekologis. Penerapan 

teknologi Next Generation Sequencing (NGS) pada uji metagenomik menghasilkan 

throughtput yang tinggi terhadap perolehan gen 16S konsorsium bakteri asidofilik. 

Penelitian ini bertujuan untuk mengetahui ragam taksa konsorsium bakteri 

asidofilik di kawasan Kawah Ijen beserta potensi taksa dominan yang diperoleh 

pada tiap lokasi penelitian. Penelitian ini tergolong penelitian observasional dengan 

metode analisis data berupa diversitas alpha, taksonomi, beserta kelimpahan bakteri 

yang diperoleh pada tiga lokasi sampling, yakni KI1, KI2, BPW. Hasil penelitian 

memperlihatkan bahwa bakteri genus Pseudomonas, Phyllobacterium, dan 

Ralstonia memiliki persentase kelimpahan tertinggi pada tiga lokasi penelitian. 

Data diversitas alpha menunjukkan lokasi KI2 memiliki indeks keanekaragaman 

terbaik dibanding KI1 dan BPW. Potensi dominan pada penelitian ini berupa 

pemanfaatan bakteri asidofilik sebagai agen denitrifikasi nitrat, bioremediasi 

logam, serta pengurangan kontaminasi senyawa hidrokarbon berbahaya seperti 

halnya Polinuclear Aromatic Hydrocarbon (PAHs). 

 

Kata Kunci: Kawah Ijen, Bakteri Asidofilik, NGS, Diversitas Alpha 
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ABSTRACT 

METAGENOMIC ANALYSIS OF ACIDOPHILIC BACTERIAL 

CONSORTIUM FROM THE IJEN CRATER AREA, BANYUWANGI, 

USING NEXT GENERATION SEQUENCING METHOD 

 

Ijen Crater is the world's largest natural acid lake located in the eastern part of Java 

Island, Indonesia, with a pH reaching < 0.3. Acidic conditions of the crater create a 

suitable habitat for acidophilic bacteria. Acidophilic bacteria, thriving in low pH 

environments, hold significant potential for future biotechnological advancements. 

Applications of acidophilic bacteria include the utilization of acid-stable enzymes 

in the food industry, power plants, bioremediation, and bioleaching in metal mining. 

Each species of acidophilic bacteria possesses unique potential applications, 

emphasizing the need for the identification of acidophilic bacterial consortia to 

understand various species and their respective potentials. Application of 

metagenomic techniques in bacterial taxonomic identification is deemed rapid and 

efficient, capable of revealing microbial community interactions with the 

environment ecologically. The implementation of Next Generation Sequencing 

(NGS) technology in metagenomic testing yields high throughput for obtaining 16S 

gene data from acidophilic bacterial consortia. This research aims to explore the 

taxonomic diversity of acidophilic bacterial consortia in the Ijen Crater area, along 

with the potential of dominant taxa obtained at each research location. Classified as 

observational research, the study utilizes data analysis methods encompassing alpha 

diversity, taxonomy, and bacterial abundance from three sampling locations: KI1, 

KI2, and BPW. The research findings indicate that bacteria of the genera 

Pseudomonas, Phyllobacterium, and Ralstonia have the highest abundance 

percentages at all three research locations. Alpha diversity data show that location 

KI2 exhibits the best diversity index compared to KI1 and BPW. The dominant 

potential identified in this research includes the utilization of acidophilic bacteria 

as denitrification agents for nitrate, bioremediation of metals, and reduction of 

hazardous hydrocarbon compound contamination, such as Polinuclear Aromatic 

Hydrocarbon (PAHs). 

Keywords: Ijen Crater, Acidophilic Bacteria, NGS, Alpha Diversity 

 

 

 

 

 

 

 



 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id 

 
 

xi 
 

DAFTAR ISI 

 

Halaman Judul ......................................................................................................... ii 

Pernyataan Keaslian ............................................................................................... iii 

Halaman Persetujuan .............................................................................................. iv 

Lembar Pengesahan ................................................................................................ v 

Kata Pengantar ....................................................................................................... vi 

Daftar Isi  ........................................................................................................ xi 

Daftar Gambar ...................................................................................................... xiii 

Daftar Tabel  ...................................................................................................... xiv 

Daftar Lampiran .................................................................................................... xv 

BAB I  PENDAHULUAN ..................................................................................... 1 

1.1 Latar Belakang ............................................................................................ 1 

1.2 Rumusan Masalah ..................................................................................... 10 

1.3 Tujuan Penelitian ....................................................................................... 11 

1.4 Manfaat Penelitian ..................................................................................... 11 

1.5 Batasan Masalah ........................................................................................ 11 

BAB II KAJIAN PUSTAKA .............................................................................. 13 

2.1 Prokariota Ekstremofil .............................................................................. 13 

2.2 Prokariota Asidofilik ................................................................................. 14 

2.2.1 Klasifikasi Prokariota Asidofilik..................................................... 15 

2.2.2 Karakteristik Prokariota Asidofilik ................................................. 18 

2.2.3 Metabolisme Prokariota Asidofilik ................................................. 22 

2.2.4 Manfaat Prokariota Asidofilik ........................................................ 26 

2.3 Next Generation Sequensing (NGS) ......................................................... 32 

2.3.1 Preparasi Sampel NGS .................................................................... 36 

2.3.2 Strategi Amplifikasi NGS ............................................................... 37 

2.3.3 Macam Jenis Platform NGS ............................................................ 40 

2.3.4 Analisis Data Library ...................................................................... 50 

2.3.5 Kelebihan dan Kekurangan Platform NGS ..................................... 52 

2.4 Pemanfaatan Teknologi NGS dalam Analisis Metagenomik .................... 54 

2.5 16S Ribosomal RNA (rRNA) ................................................................... 55 

2.6 Kawah Ijen ................................................................................................ 57 

BAB III METODE PENELITIAN .................................................................... 59 



 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id 

 
 

xii 
 

3.1 Rancangan Penelitian ................................................................................ 59 

3.2 Tempat dan Waktu Penelitian ................................................................... 59 

3.3 Alat dan Bahan Penelitian ......................................................................... 60 

3.4 Variabel Penelitian .................................................................................... 61 

3.5 Prosedur Penelitian .................................................................................... 61 

3.5.1 Sterilisasi Alat Pengambilan Sampel .............................................. 61 

3.5.2 Pengambilan Sampel ....................................................................... 62 

3.5.3 Uji Parameter Fisikokimia In-Situ .................................................. 62 

3.5.4 Penyaringan Sampel ........................................................................ 62 

3.5.5 Uji Fisikokimia Spektrofotometri Serapan Atom (SSA) ................ 63 

3.5.6 Uji Fisikokimia Kolorimetri ............................................................ 64 

3.5.7 Uji Fisikokimia Argentometri ......................................................... 65 

3.5.8 Pengemasan Sampel ........................................................................ 66 

3.5.9 Next Generation Sequensing (NGS) ............................................... 66 

3.5.10 Data Analisis Next Generation Sequencing .................................... 67 

BAB IV HASIL DAN PEMBAHASAN ............................................................ 68 

4.1 Pengambilan Sampel ................................................................................. 68 

4.2 Uji Parameter Fisikokimia ........................................................................ 70 

4.3 Quality Control Ekstraksi DNA ................................................................ 76 

4.4 Quality Control Produk PCR ..................................................................... 79 

4.5 Quality Control NGS ................................................................................. 81 

4.6 Taksonomi Bakteri NGS ........................................................................... 90 

4.7 Kelimpahan Bakteri NGS .......................................................................... 92 

4.8 Analisis Diversitasi Alpha ....................................................................... 118 

BAB V PENUTUP ............................................................................................. 127 

1.1 Simpulan .................................................................................................. 127 

5.2 Saran ........................................................................................................ 127 

DAFTAR PUSTAKA ........................................................................................ 129 

LAMPIRAN  ..................................................................................................... 143 

 

 



 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id 

 
 

xiii 
 

DAFTAR GAMBAR 

 

Gambar 2.1 Morfologi bakteri Leptospirillum ferriphilum ............................... 19 

Gambar 2.2 Pohon filogenetik filum bakteri dan archae berdasarkan urutan gen 

rRNA subunit kecil 16S beserta karakteristik metabolismenya. ... 21 

Gambar 2.3 Serangkaian mekanisme bakteri asidofil dalam menstabilkan pH 

intraseluler. .................................................................................... 23 

Gambar 2.4 Aktivitas komunitas bakteri asidofil dalam siklus biogeokimia besi 

dan belerang pada lingkungan oksik dan anoksik ......................... 26 

Gambar 2.5 Representasi sederhana dari alur kerja preparasi data NGS .......... 37 

Gambar 2.6 Tahapan amplifikasi DNA menggunakan teknik PCR Emulsi. .... 37 

Gambar 2.7 Tahapan amplifikasi DNA menggunakan teknik Amplifikasi 

Jembatan Fase Padat. ..................................................................... 38 

Gambar 2.8 Tahapan amplifikasi DNA menggunakan teknik Template Berjalan 

Fase Padat. ..................................................................................... 39 

Gambar 2.9  Tahapan amplifikasi DNA menggunakan teknik Generasi Nanoball 

DNA dalam Larutan. ..................................................................... 40 

Gambar 2.10  Perkembangan teknologi Next Generation Sequencing (NGS) sejak 

tahun 2006-2015. ........................................................................... 41 

Gambar 2.11 Tahapan Sekuensing Platform 454 Roche Pyrosequencing. ......... 42 

Gambar 2.12 Tahapan Sekuensing Platform Illumina ........................................ 43 

Gambar 2.13 Tahapan Sekuensing Platform ABI SOLiD .................................. 44 

Gambar 2.14 Tahapan Sekuensing Platform Complete Genomic ....................... 45 

Gambar 2.15 Tahapan Sekuensing Platform Ion Torrent.................................... 47 

Gambar 2.16 Tahapan Sekuensing Platform Pacific Bioscience ........................ 48 

Gambar 2.17 Tahapan Sekuensing Platform Oxford Nanopore Technologies ... 50 

Gambar 2.19 Gambaran wilayah konservatif dan hipervariabel dari gen 16S 

rRNA. ............................................................................................ 56 

Gambar 2.20 Peta Topografi Kawasan Kawah Ijen ............................................ 57 

Gambar 2.21 Kenampakan wilayah perairan asam Kawah Ijen ......................... 58 

Gambar 3.1 Peta Lokasi Pengambilan Sampel Air Kawah Ijen........................ 59 

 

 



 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id 

 
 

xiv 
 

DAFTAR TABEL 

 

Tabel 2.1 Macam jenis bakteri ekstremofil berdasarkan kondisi lingkungan.

 ....................................................................................................... 13 

Tabel 2.2 Data taksa komunitas bakteri dan archae pada lokasi asam alami. 15 

Tabel 2.3 Kelebihan dan kekurangan beberapa platform NGS. .................... 52 

Tabel 3.1 Jadwal Pelaksanaan Penelitian ...................................................... 60 

Tabel 4.1 Titik koordinat lokasi pengambilan sampel air permukaan kawasan 

Kawah Ijen..................................................................................... 68 

Tabel 4.2 Data Uji Fisiko-Kimia Sampel Air Asam Kawasan Kawah Ijen 

(KI1, KI2) dan Air Terjun Banyupahit (BPW). ............................ 71 

Tabel 4.3 Data Quality Control Konsentrasi dan Kemurnian DNA Hasil 

Ektraksi Sampel Air Asam Kawasan Kawah Ijen (KI1, KI2) dan 

Air Terjun Banyupahit (BPW) menggunakan Spektrofotometer 

(Nanodrop) dan Fluorometer (Qubit). ........................................... 76 

Tabel 4.4. Data Statistik Quality Control hasil sekuensing NGS Sampel KI, 

KI2, dan BPW menggunakan MultiQC......................................... 83 

Tabel 4.5. Data statistik Quality Control hasil sekuensing NGS Sampel KI1, 

KI2, dan BPW menggunakan DADA2. ........................................ 89 

Tabel 4.6. Data Klasifikasi Filum Bakteri Pada Sampel KI1, KI2, dan BPW 

Beserta Jumlah Fragmen Gen Pengindikasinya. ........................... 91 

Tabel 4.7. Data Persentase Kelimpahan Relatif Filum Bakteri Asidofilik Pada 

Sampel KI1, KI2, dan BPW. ......................................................... 94 

Tabel 4.8. Data Persentase Kelimpahan Relatif Kelas Bakteri Asidofilik Pada 

Sampel KI1, KI2, dan BPW. ......................................................... 98 

Tabel 4.9. Data Persentase Kelimpahan Relatif Ordo Bakteri Asidofilik Pada 

Sampel KI1, KI2, dan BPW. ....................................................... 102 

Tabel 4.10. Data Persentase Kelimpahan Relatif Famili Bakteri Asidofilik Pada 

Sampel KI1, KI2, dan BPW. ....................................................... 105 

Tabel 4.11. Data Persentase Kelimpahan Relatif Genus Bakteri Asidofilik Pada 

Sampel KI1, KI2, dan BPW. ....................................................... 109 

Tabel 4.12. Data Analisis Diversitas Alpha Konsorsium Bakteri pada Sampel 

KI1, KI2, dan BPW. .................................................................... 122 

 

 

 

 



 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id 

 
 

xv 
 

DAFTAR LAMPIRAN 

 

Lampiran 1. Tabel Kelimpahan Relatif Kelas Bakteri ........................................ 143 

Lampiran 2. Tabel Kelimpahan Relatif Ordo Bakteri ......................................... 144 

Lampiran 3. Tabel Kelimpahan Relatif Famili Bakteri ...................................... 146 

Lampiran 4. Tabel Kelimpahan Relatif Genus Bakteri ....................................... 150 

Lampiran 5. Tabel Kelimpahan Relatif Spesies Bakteri Kawah Ijen ................. 155 

Lampiran 6. Heatmap Filum Bakteri Kawah Ijen ............................................... 157 

Lampiran 7. Heatmap Kelas Bakteri Kawah Ijen ............................................... 157 

Lampiran 8. Heatmap Ordo Bakteri Kawah Ijen ................................................ 158 

Lampiran 9. Heatmap Famili Bakteri Kawah Ijen .............................................. 158 

Lampiran 10. Heatmap Genus Bakteri Kawah Ijen ............................................ 158 

Lampiran 11. Pohon Filogenetik Hasil Analisis Downstream ............................ 158 

Lampiran 12. Box Plot Diversitas Alpha ............................................................ 159 

Lampiran 13. Grafik Rarefaction Diversitas Alpha ............................................ 160 

Lampiran 14. Data List Adaptor yang Digunakan .............................................. 160 

Lampiran 15. Dokumentasi Perlakuan ................................................................ 160 



 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id 

129 
 

DAFTAR PUSTAKA 
 

Abdullah. (2003). Tafsir Ibnu Katsir Jilid 5 (Cetakan Pe). Pustaka Imam Asy-

Syafi’i. 

Adoe, D. G. H., Bunganaen, W., Krisnawi, I. F., & Soekwanto, F. A. (2016). 

Pirolisis Sampah Plastik PP (Polyprophylene) menjadi Minyak Pirolisis 

Sebagai Bahan Bakar Primer. LONTAR Jurnal Teknik Mesin UNDANA, 

03(01), 17–26. 

Akihary, C. V., & Kolondam, B. J. (2020). PEMANFAATAN GEN 16S rRNA 

SEBAGAI PERANGKAT IDENTIFIKASI BAKTERI UNTUK 

PENELITIAN-PENELITIAN DI INDONESIA. Pharmacon, 9(1), 16. 

https://doi.org/10.35799/pha.9.2020.27405 

Alberdi, A., & Gilbert, M. T. P. (2019). A guide to the application of Hill numbers 

to DNA‐based diversity analyses. Molecular Ecology Resources, 19(4), 804–

817. https://doi.org/10.1111/1755-0998.13014 

Ambardar, S., Gupta, R., Trakroo, D., & Lal, R. (2016). High Throughput 

Sequencing : An Overview of Sequencing Chemistry. Indian Journal of 

Microbiology, 56(4), 394–404. https://doi.org/10.1007/s12088-016-0606-4 

Ambarsari, H., & Qisthi, A. (2017). Remediasi Merkuri (Hg) pada Air Limbah 

Tambang Emas Rakyat Dengan Metode Lahan Basah Buatan Terpadu. Jurnal 

Teknologi Lingkungan, 18(2), 148–156. https://doi.org/10.29122/jtl.v18i2.29 

Amini, I., Tahmourespour, A., & Abdollahi, A. (2017). Biodegradation of 

polycyclic aromatic hydrocarbons by Pseudomonas species. Pollution, 3(1), 

9–19. https://doi.org/10.1128/aem.55.1.154-158.1989 

Amrullah, A. A. (1990). Tafsir Al-Azhar Jilid 1. In Pustaka Nasional PTE LTD 

Singapura. 

Anbu, P., Kang, C. H., Shin, Y. J., & So, J. S. (2016). Formations of calcium 

carbonate minerals by bacteria and its multiple applications. SpringerPlus, 

5(1), 1–26. https://doi.org/10.1186/s40064-016-1869-2 

Arseneau, J. R., Steeves, R., & Laflamme, M. (2017). Modified low-salt CTAB 

extraction of high-quality DNA from contaminant-rich tissues. Molecular 

Ecology Resources, 17(4), 686–693. https://doi.org/10.1111/1755-

0998.12616 

Asaf, S., Numan, M., Khan, A. L., & Al-Harrasi, A. (2020). Sphingomonas: from 

diversity and genomics to functional role in environmental remediation and 

plant growth. Critical Reviews in Biotechnology, 40(2), 138–152. 

https://doi.org/10.1080/07388551.2019.1709793 

Asker, D., Beppu, T., & Ueda, K. (2007). Sphingomonas astaxanthinifaciens sp. 

nov., a novel astaxanthin-producing bacterium of the family 

Sphingomonadaceae isolated from Misasa, Tottori, Japan. FEMS 

Microbiology Letters, 273(2), 140–148. https://doi.org/10.1111/j.1574-



 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id 

130 
 

 
 

6968.2007.00760.x 

Asoodeh, A., Alemi, A., Heydari, A., & Akbari, J. (2013). Purification and 

biochemical characterization of an acidophilic amylase from a newly isolated 

Bacillus sp. DR90. Extremophiles, 17(2), 339–348. 

https://doi.org/10.1007/s00792-013-0520-1 

Asri, A. C., & Zulaika, E. (2016). Sinergisme Antar Isolat Azotobacter Yang 

Dikonsorsiumkan. Jurnal Sains dan Seni ITS, 5(2), 57–59. 

Aszalós, J. M., Szabó, A., Felföldi, T., Jurecska, L., Nagy, B., & Borsodi, A. K. 

(2020). Effects of Active Volcanism on Bacterial Communities in the Highest-

Altitude Crater Lake of Ojos del Salado (Dry Andes, Altiplano-Atacama 

Region). Astrobiology, 20(6), 741–753. https://doi.org/10.1089/ast.2018.2011 

Badan Standardisasi Nasional. (1991). SNI 06-2412-1991 Metode pengambilan 

contoh kualitas air. 

Bahri, S., Fidiantara, F., Muksin, Y. D., Tamami, F., Handayani, A. A. A. T., & 

Hermansyah. (2021). Eksplorasi Bakteri Termofilik dari Sumber Air Panas 

Aik Sebau di Kawasan Taman Nasional Gunung Rinjani Kabupaten Lombok 

Timur. Journal Pijar MIPA, 16(2), 1–6. 

https://doi.org/10.29303/jpm.v16i2.24 

Bai, Y., Huang, H., Meng, K., Shi, P., Yang, P., Luo, H., Luo, C., Feng, Y., Zhang, 

W., & Yao, B. (2012). Identification of an acidic α-amylase from 

Alicyclobacillus sp. A4 and assessment of its application in the starch industry. 

Food Chemistry, 131(4), 1473–1478. 

https://doi.org/10.1016/j.foodchem.2011.10.036 

Bedogni, G. L., Massello, F. L., Giaveno, A., Donati, E. R., & Urbieta, M. S. (2020). 

A deeper look into the biodiversity of the extremely acidic copahue volcano-

río agrio system in Neuquén, Argentina. Microorganisms, 8(1), 58–72. 

https://doi.org/10.3390/microorganisms8010058 

Bhowal, S. S., & Chakraborty, R. (2015). Microbial Diversity Of Acidophilic 

Microbial Diversity Of Acidophilic Heterotrophic Bacteria : An Overview. 

Biodiversity, Conservation and Sustainable Development: Issues and 

Approaches, 1, 157–173. 

Bravo, G., Vega-Celedón, P., Gentina, J. C., & Seeger, M. (2020). Bioremediation 

by cupriavidus metallidurans strain msr33 of mercury-polluted agricultural 

soil in a rotary drum bioreactor and its effects on nitrogen cycle 

microorganisms. Microorganisms, 8(12), 1–20. 

https://doi.org/10.3390/microorganisms8121952 

Bridgers, J., Alexander, K., & Karsan, A. (2023). Operationalizing Quality 

Assurance for Clinical Pipelines. The Journal of Molecular Diagnostics, 1–

11. https://doi.org/10.1016/j.jmoldx.2023.11.006 

Callahan, B. J., McMurdie, P. J., & Holmes, S. P. (2017). Exact sequence variants 

should replace operational taxonomic units in marker-gene data analysis. The 

ISME journal, 11(12), 2639–2643. https://doi.org/10.1038/ismej.2017.119 



 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id 

131 
 

 
 

Callahan, B. J., McMurdie, P. J., Rosen, M. J., Han, A. W., Johnson, A. J. A., & 

Holmes, S. P. (2016). DADA2: High-resolution sample inference from 

Illumina amplicon data. Nature Methods, 13(7), 581–583. 

https://doi.org/10.1038/nmeth.3869 

Caudron, C., Syahbana, D. K., Lecocq, T., Van Hinsberg, V., McCausland, W., 

Triantafyllou, A., Camelbeeck, T., Bernard, A., & Surono. (2015). Kawah Ijen 

volcanic activity: a review. Bulletin of Volcanology, 77(3). 

https://doi.org/10.1007/s00445-014-0885-8 

Cecil, J. H., Garcia, D. C., Giannone, R. J., & Michener, J. K. (2018). Rapid, parallel 

identification of catabolism pathways of lignin-derived aromatic compounds 

in Novosphingobium aromaticivorans. Applied and Environmental 

Microbiology, 84(22). https://doi.org/10.1128/AEM.01185-18 

Cerqueira, T., Pinho, D., Froufe, H., Santos, R. S., Bettencourt, R., & Egas, C. 

(2017). Sediment Microbial Diversity of Three Deep-Sea Hydrothermal Vents 

Southwest of the Azores. Microbial Ecology, 74, 332–349. 

https://doi.org/10.1007/s00248-017-0943-9 

Chen, G., & Jiang, X. (2018). Next generation industrial biotechnology based on 

extremophilic bacteria. Current Opinion in Biotechnology, 50, 94–100. 

https://doi.org/10.1016/j.copbio.2017.11.016 

Chen, Z., Zhou, R., Yin, H., & Yuan, S. (2020). Determination and correlation of 

temperature and pH value dependent solubility of dl-methionine. AIChE 

Journal, 66(8). https://doi.org/10.1002/aic.16270 

Chernov, T. I., Tkhakakhova, A. K., & Kutovaya, O. V. (2015). Assessment of 

diversity indices for the characterization of the soil prokaryotic community by 

metagenomic analysis. Eurasian Soil Science, 48(4), 410–415. 

https://doi.org/10.1134/S1064229315040031 

Cortez, D., Neira, G., González, C., Vergara, E., & Holmes, D. S. (2022). A Large-

Scale Genome-Based Survey of Acidophilic Bacteria Suggests That Genome 

Streamlining Is an Adaption for Life at Low pH. Frontiers in Microbiology, 

13(March), 1–16. https://doi.org/10.3389/fmicb.2022.803241 

Coutinho, T. A., & Bophela, K. N. (2021). Chapter 7 - Tree leaves as a habitat for 

phyllobacteria. In Forest Microbiology (hal. 133–144). Academic Press. 

Dhakar, K., & Pandey, A. (2016). Wide pH range tolerance in extremophiles: 

towards understanding an important phenomenon for future biotechnology. 

Applied Microbiology and Biotechnology, 100(6), 2499–2510. 

https://doi.org/10.1007/s00253-016-7285-2 

Dijk, E. L. Van, Auger, H., Jaszczyszyn, Y., & Thermes, C. (2014). Ten years of 

next-generation sequencing technology. Trends in genetics, 30(9), 418–426. 

https://doi.org/10.1016/j.tig.2014.07.001 

Flores-Félix, J. D., Carro, L., Velázquez, E., Valverde, Á., Cerda-Castillo, E., 

García-Fraile, P., & Rivas, R. (2013). Phyllobacterium endophyticum sp. nov., 

isolated from nodules of Phaseolus vulgaris. International Journal of 



 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id 

132 
 

 
 

Systematic and Evolutionary Microbiology, 63(PART3), 821–826. 

https://doi.org/10.1099/ijs.0.038497-0 

Fukuda, K., Ogawa, M., Taniguchi, H., & Saito, M. (2016). Molecular Approaches 

to Studying Microbial Communities : Targeting the. J. Uoeh, 38(3), 223–232. 

Gao, J., Gu, F., He, J., Xiao, J., Chen, Q., Ruan, H., & He, G. (2013). Metagenome 

analysis of bacterial diversity in Tibetan kefir grains. European Food Research 

and Technology, 236(3), 549–556. https://doi.org/10.1007/s00217-013-1912-

2 

Genisa, M. U., Agus, R., Hatta, M., & Dwiyana, Z. (2015). PENGARUH 

KONSENTRASI CELITE (DIATOM) TERHADAP HASIL ISOLASI DNA 

BAKTERI Escherichia coli THE INFLUENCE OF CELITE (DIATOM) 

CONCENTRATION TOWARD THE CONCENTRATION RESULT OF 

DNA GENOM BACTERIA Escherichia coli. MASPARI JOURNAL, 7(2), 85–

90. 

Glassman, S. I., & Martiny, J. B. H. (2018). Broadscale Ecological Patterns Are 

Robust to Use of Exact. mSphere, 3(4), e00148-18. 

Goodwin, S., Mcpherson, J. D., & Mccombie, W. R. (2016). Coming of age : ten 

years of next- generation sequencing technologies. Nature Publishing Group, 

17(6), 333–351. https://doi.org/10.1038/nrg.2016.49 

Grada, A., & Weinbrecht, K. (2013). Next-Generation Sequencing : Methodology 

and Application. Journal of Investigative Dermatology, 133(8), e11-4. 

https://doi.org/10.1038/jid.2013.248 

Guo, H., Nasir, M., Lv, J., Dai, Y., & Gao, J. (2017). Understanding the variation 

of microbial community in heavy metals contaminated soil using high 

throughput sequencing. Ecotoxicology and Environmental Safety, 

144(December 2016), 300–306. https://doi.org/10.1016/j.ecoenv.2017.06.048 

Guo, Y., Ye, F., Sheng, Q., Clark, T., & Samuels, D. C. (2013). Three-stage quality 

control strategies for DNA re-sequencing data. Briefings in Bioinformatics, 

15(6), 879–889. https://doi.org/10.1093/bib/bbt069 

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 and Biology, 5(10), 245–249. 

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

Head, S. R., Komori, H. K., Lamere, S. A., Whisenant, T., Nieuwerburgh, F. Van, 

Daniel, R., & Ordoukhanian, P. (2014). Library Construction for Next-

Generation Sequencing: Overviews and Challenges. BioTechniques, 56(2), 

61–77. https://doi.org/10.2144/000114133 

Hedrich, S., & Schippers, A. (2020). Distribution of acidophilic microorganisms in 

natural and man-made acidic environments. Current Issues in Molecular 

Biology, 40(1), 25–48. https://doi.org/10.21775/CIMB.040.025 

Herrera, A., & Cockell, C. S. (2007). Exploring microbial diversity in volcanic 



 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id 

133 
 

 
 

environments: A review of methods in DNA extraction. Journal of 

Microbiological Methods, 70(1), 1–12. 

https://doi.org/10.1016/j.mimet.2007.04.005 

Hikmatyar, M. F., Royani, J. I., & Dasumiati. (2015). ISOLASI DAN 

AMPLIFIKASI DNA KELADI TIKUS (Thyponium flagelliform) UNTUK 

IDENTIFIKASI KERAGAMAN GENETIK. Jurnal Bioteknologi & Biosains 

Indonesia (JBBI), 2(2), 42. https://doi.org/10.29122/jbbi.v2i2.507 

Hu, E. Z., Lan, X. R., Liu, Z. L., Gao, J., & Niu, D. K. (2022). A positive correlation 

between GC content and growth temperature in prokaryotes. BMC Genomics, 

23(1), 1–17. https://doi.org/10.1186/s12864-022-08353-7 

Huang, J., Liu, C., Price, G. W., Li, Y., & Wang, Y. (2021). Identification of a novel 

heavy metal resistant Ralstonia strain and its growth response to cadmium 

exposure. Journal of Hazardous Materials, 416, 125942. 

https://doi.org/10.1016/j.jhazmat.2021.125942 

Huet, G. (2014). Breeding for resistances to Ralstonia solanacearum. Frontiers in 

Plant Science, 5(715), 1–5. https://doi.org/10.3389/fpls.2014.00715 

Idoine, N. E., Raycraft, E. R., Shaw, R. A., Hobbs, S. F., Deady, E. A., Everett, P., 

Evans, E. J., & Mills, A. J. (2022). World Mineral Production 2016-20. In 

British Geological Survey (First). www.geologyshop.com 

Johnson, D. B., & Quatrini, R. (2020). Acidophile microbiology in space and time. 

Current Issues in Molecular Biology, 39(1), 63–76. 

https://doi.org/10.21775/cimb.039.063 

Jones, D. S., Albrecht, H. L., Dawson, K. S., Schaperdoth, I., Freeman, K. H., Pi, 

Y., Pearson, A., & MacAlady, J. L. (2012). Community genomic analysis of 

an extremely acidophilic sulfur-oxidizing biofilm. ISME Journal, 6(1), 158–

170. https://doi.org/10.1038/ismej.2011.75 

Kadarsetia, E., Primulyana, S., Sitinjak, P., & Saing, U. B. (2006). Karakteristik 

kimiawi air danau kawah Gunung Api Kelud, Jawa Timur pasca letusan tahun 

1990. Jurnal Geologi Indonesia, 1(4), 185–192. 

https://doi.org/10.17014/ijog.vol1no4.20062 

Kaur, N., Reddy, M. S., & Mukherjee, A. (2013). Biomineralization of calcium 

carbonate polymorphs by the bacterial strains isolated from calcareous sites. 

Journal of Microbiology and Biotechnology, 23(5), 707–714. 

https://doi.org/10.4014/jmb.1212.11087 

Kchouk, M., Gibrat, J. F., & Elloumi, M. (2017). Generations of Sequencing 

Technologies: From First to Next Generation. Biology and Medicine, 09(03). 

https://doi.org/10.4172/0974-8369.1000395 

Kusumadjadja, A. P. (2012). Penapisan, Karakterisasi Fitase dan Analisis 

Homologi Gen Penyandi Fitase dari Bakteri Termofilik Kawah Ijen 

Banyuwangi [Universitas Airlangga]. 

https://doi.org/10.51711/jaab.2019.35.1.2 



 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id 

134 
 

 
 

Kusumaningrum, H. P., Budi, W. S., Azam, M., & Bawono, A. (2014). Design of 

Electrophoresis Device for Optimation of Dna Visualization and Dna 

Concentration Using Software Desain Alat Elektroforesis Untuk Optimasi 

Visualisasi Dan Konsentrasi Dna Menggunakan Software. Jurnal Pendidikan 

Fisika Indonesia, 10(2), 194–202. https://doi.org/10.15294/jpfi.v10i2.3357 

Laras, N., & Refdinal, N. (2015). Identifikasi Spesies Isolat Bakteri Galur D 

dengan. Jurnal Sains dan Seni ITS, 4(2), 126–129. 

Li, L., Liu, Z., Meng, D., Liu, X., Li, X., Zhang, M., Tao, J., Gu, Y., Zhong, S., & 

Yina, H. (2019). Comparative Genomic Analysis Reveals the Distribution, 

Organization, and Evolution of Metal Resistance Genes in the Genus 

Acidithiobacillus. Applied and Environmental Microbiology, 85(2), 1–22. 

https://doi.org/10.1128/AEM.02153-18 

Li, X., Wu, Y., Zhang, L., Cao, Y., Li, Y., Li, J., Zhu, L., & Wu, G. (2014). 

Comparison of three common DNA concentration measurement methods. 

Analytical Biochemistry, 451(1), 18–24. 

https://doi.org/10.1016/j.ab.2014.01.016 

Liao, P., Satten, G. A., & Hu, Y. J. (2017). PhredEM: a phred-score-informed 

genotype-calling approach for next-generation sequencing studies. Genetic 

Epidemiology, 41(5), 375–387. https://doi.org/10.1002/gepi.22048 

Liu, J. Y., Zhang, J. F., Wu, H. L., Chen, Z., Li, S. Y., Li, H. M., Zhang, C. P., 

Zhou, Y. Q., & Lu, C. H. (2023). Proposal to classify Ralstonia solanacearum 

phylotype I strains as Ralstonia nicotianae sp. nov., and a genomic comparison 

between members of the genus Ralstonia. Frontiers in Microbiology, 14, 

1135872. https://doi.org/10.3389/fmicb.2023.1135872 

Liu, L., Li, Y., Li, S., Hu, N., He, Y., Pong, R., Lin, D., Lu, L., & Law, M. (2012). 

Comparison of Next-Generation Sequencing Systems. Journal of Biomedicine 

and Biotechnology, 2012(251364), 1–11. 

https://doi.org/10.1155/2012/251364 

Liu, P.-Y., Wu, W.-K., Chen, C.-C., Panyod, S., Sheen, L.-Y., & Wu, M.-S. (2020). 

Evaluation of Compatibility of 16S rRNA V3V4 and V4 Amplicon Libraries 

for Clinical Microbiome Profiling. bioRxiv, 2020.08.18.256818. 

https://www.biorxiv.org/content/10.1101/2020.08.18.256818v1%0Ahttps://w

ww.biorxiv.org/content/10.1101/2020.08.18.256818v1.abstract 

Liu, Y., Li, S., Chen, Z., Megharaj, M., & Naidu, R. (2014). Influence of zero-

valent iron nanoparticles on nitrate removal by Paracoccus sp. Chemosphere, 

108, 426–432. https://doi.org/10.1016/j.chemosphere.2014.02.045 

Liu, Y., Pei, T., Du, J., Huang, H., Deng, M.-R., & Zhu, H. (2021). Comparative 

genomic analysis of the genus Novosphingobium and the description of two 

novel species Novosphingobium aerophilum sp. nov. and Novosphingobium 

jiangmenense sp. nov. Systematic and Applied Microbiology, 44(3), 126202. 

Löhr, A. J., Bogaard, T. A., Heikens, A., Hendriks, M. R., Sumarti, S., Van Bergen, 

M. J., Van Gestel, C. A. M., Van Straalen, N. M., Vroon, P. Z., & Widianarko, 



 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id 

135 
 

 
 

B. (2005). Natural pollution caused by the extremely acidic crater lake Kawah 

Ijen, East Java, Indonesia. Environmental Science and Pollution Research, 

12(2), 89–95. https://doi.org/10.1065/espr2004.09.118 

Löhr, A. J., Laverman, A. M., Braster, M., Van Straalen, N. M., & Röling, W. F. 

M. (2006). Microbial communities in the world’s largest acidic volcanic lake, 

Kawah Ijen in Indonesia, and in the Banyupahit river originating from it. 

Microbial Ecology, 52(4), 609–618. https://doi.org/10.1007/s00248-006-

9068-2 

Lutfi, S. R., Wignyanto, & Kurniati, E. (2018). Bioremediasi Merkuri 

Menggunakan Bakteri Indigenous Dari Limbah Penambangan Emas Di 

Tumpang Pitu, Banyuwangi. Jurnal Teknologi Pertanian, 19(1), 15–24. 

https://doi.org/10.21776/ub.jtp.2018.019.01.2 

Mapelli, F., Marasco, R., Rolli, E., Daffonchio, D., Donachie, S., & Borin, S. 

(2015). Microbial Life in Volcanic Lakes. Volcanic Lakes, 507–522. 

https://doi.org/10.1007/978-3-642-36833-2 

Mardis, E. R. (2017). DNA sequencing technologies: 2006-2016. Nature Protocols, 

12(2), 213–218. https://doi.org/10.1038/nprot.2016.182 

Martin, M. (2011). Cutadapt removes adapter sequences from high-throughput 

sequencing reads. EMBnet. Journal, 17(1), 10–12. 

Maulid, D. Y., & Nurilmala, M. (2015). DNA Barcoding untuk Autentikasi Produk 

Ikan Tenggiri (Scomberomorus sp). Jurnal Akuatika, 6(2), 154–160. 

Maxam, A. M., & Gilbert, W. (1977). A new method for sequencing DNA. 1977. 

Proceedings of the national academy of sciences, 74(2), 560–564. 

McGinnis, J. M., Cole, J. A., Dickinson, M. C., Mingle, L. A., Lapierre, P., Musser, 

K. A., & Wolfgang, W. J. (2015). Paracoccus sanguinis sp. nov., isolated from 

clinical specimens of New York state patients. International Journal of 

Systematic and Evolutionary Microbiology, 65(6), 1877–1882. 

https://doi.org/10.1099/ijs.0.000193 

Mehta, H. H., Prater, A. G., Beabout, K., Elworth, R. A. L., Karavis, M., Gibbons, 

H. S., & Shamoo, Y. (2019). The essential role of hypermutation in rapid 

adaptation to antibiotic stress. Antimicrobial Agents and Chemotherapy, 63(7), 

1–18. https://doi.org/10.1128/AAC.00744-19 

Melton, E. D., Sorokin, D. Y., Overmars, L., Lapidus, A. L., Pillay, M., Ivanova, 

N., del Rio, T. G., Kyrpides, N. C., Woyke, T., & Muyzer, G. (2017). Draft 

genome sequence of Dethiobacter alkaliphilus strain AHT1T, a gram-positive 

sulfidogenic polyextremophile. Standards in Genomic Sciences, 12(1), 1–9. 

https://doi.org/10.1186/s40793-017-0268-9 

Mubarok, M. Z., Pratama, B. E., & Chaerun, S. K. (2015). Bioleaching nikel dari 

bijih limonit Pulau Gag menggunakan bakteri mixotrof. Jurnal Teknologi 

Mineral dan Batubara, 12(1), 69–79. 

https://doi.org/10.30556/jtmb.vol12.no1.2016.232 



 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id 

136 
 

 
 

Navarro, C. A., Bernath, D. von, & Jerez, C. A. (2013). Heavy Metal Resistance 

Strategies of Acidophilic Bacteria and Their Acquisition: Importance for 

Biomining and Bioremediation. Biological Research, 46(562), 363–371. 

Nguyen, T. M., Myung, S. W., Jang, H., & Kim, J. (2016). Description of 

novosphingobium flavum sp. nov., isolated from soil. International Journal of 

Systematic and Evolutionary Microbiology, 66(9), 3642–3650. 

https://doi.org/10.1099/ijsem.0.001242 

Noer, S. (2021). Identifikasi Bakteri secara Molekular Menggunakan 16S rRNA. 

EduBiologia: Biological Science and Education Journal, 1(1), 1. 

https://doi.org/10.30998/edubiologia.v1i1.8596 

Nuñez, H., Covarrubias, P. C., Moya-Beltrán, A., Issotta, F., Atavales, J., Acuña, 

L. G., Johnson, D. B., & Quatrini, R. (2016). Detection, identification and 

typing of Acidithiobacillus species and strains: a review. Research in 

Microbiology, 167(7), 555–567. https://doi.org/10.1016/j.resmic.2016.05.006 

Nuro, F. (2017). Metagenomik: Penelusuran Makhluk Tak Kasat Mata Dalam 

Tanah Fiqolbi Nuro. BioTrends, 8(2), 7–14. 

O’Neill, M., McPartlin, J., Arthure, K., Riedel, S., & McMillan, N. D. (2011). 

Comparison of the TLDA with the nanodrop and the reference qubit system. 

Journal of Physics: Conference Series, 307(1), 1–6. 

https://doi.org/10.1088/1742-6596/307/1/012047 

Pambudi, N. A. (2018). Geothermal power generation in Indonesia, a country 

within the ring of fire: Current status, future development and policy. 

Renewable and Sustainable Energy Reviews, 81(April 2016), 2893–2901. 

https://doi.org/10.1016/j.rser.2017.06.096 

Panyushkina, A. E., Tsaplina, I. A., Kondrat’eva, T. F., Belyi, A. V., & Bulaev, A. 

G. (2018). Physiological and morphological characteristics of acidophilic 

bacteria Leptospirillum ferriphilum and Acidithiobacillus thiooxidans, 

members of a Chemolithotrophic microbial consortium. Microbiology 

(Russian Federation), 87(3), 326–338. 

https://doi.org/10.1134/S0026261718030086 

Park, Y., Ten, L. N., Maeng, S., Chang, Y., Jung, H. Y., & Kim, M. K. (2021). 

Phyllobacterium pellucidum sp. nov., isolated from soil. Archives of 

Microbiology, 203(5), 2647–2652. https://doi.org/10.1007/s00203-021-

02205-w 

Prasetyawan, I. B., Maslukah, L., & Rifai, A. (2017). Pengukuran Sistem Karbon 

Dioksida (Co2) Sebagai Data Dasar Penentuan Fluks Karbon Di Perairan 

Jepara. Buletin Oseanografi Marina, 6(1), 9–16. 

https://doi.org/10.14710/buloma.v6i1.15736 

Pratiwi, E., & Widodo, L. I. (2020). Kuantifikasi Hasil Ekstraksi Gen Sebagai 

Faktor Kritis Untuk Keberhasilan Pemeriksaan Rt Pcr. Indonesian Journal for 

Health Sciences, 4(1), 1. https://doi.org/10.24269/ijhs.v4i1.2293 

Purwati, E. S., Dwiputranto, U., Ekowati, N., & Ratnaningtyas, N. I. (2020). 



 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id 

137 
 

 
 

Rhizospheric Soil Fungi from Several Food Crops in Purwokerto. IOP 

Conference Series: Earth and Environmental Science, 550(1), 1–6. 

https://doi.org/10.1088/1755-1315/550/1/012018 

Puspitasari, D., Pramono, H., & Oedjijono, O. (2014). Identifikasi Bakteri 

Pengoksidasi Besi dan Sulfur Berdasarkan Gen 16s rRNA Dari Lahan 

Tambang Timah di Belitung. Scripta Biologica, 1(1), 10. 

https://doi.org/10.20884/1.sb.2014.1.1.12 

Qamar, W., Khan, M. R., & Arafah, A. (2017). Optimization of conditions to extract 

high quality DNA for PCR analysis from whole blood using SDS-proteinase 

K method. Saudi Journal of Biological Sciences, 24(7), 1465–1469. 

https://doi.org/10.1016/j.sjbs.2016.09.016 

Quatrini, R., & Johnson, D. B. (2018). Microbiomes in extremely acidic 

environments: functionalities and interactions that allow survival and growth 

of prokaryotes at low pH. Current Opinion in Microbiology, 43, 139–147. 

https://doi.org/10.1016/j.mib.2018.01.011 

Rasuk, M. C., Ferrer, G. M., Moreno, J. R., Farias, M. E., & Albarracín, V. H. 

(2016). The Diversity of Microbial Extremophiles. Molecular Diversity of 

Environmental Prokaryotes, 87–126. https://doi.org/10.1201/9781315381909 

Reddy, G. S. N., & Garcia-Pichel, F. (2007). Sphingomonas mucosissima sp. nov. 

and Sphingomonas desiccabilis sp. nov., from biological soil crust in the 

Colorado Plateau, USA. International Journal of Systematic and Evolutionary 

Microbiology, 57(5), 1028–1034. https://doi.org/10.1099/ijs.0.64331-0 

Rhoads, A., & Au, K. F. (2015). PacBio Sequencing and Its Applications. 

Genomics, Proteomics & Bioinformatics, 13(5), 278–289. 

https://doi.org/10.1016/j.gpb.2015.08.002 

Rigoldi, F., Donini, S., Redaelli, A., Parisini, E., & Gautieri, A. (2018). Review: 

Engineering of thermostable enzymes for industrial applications. APL 

Bioengineering, 2(1). https://doi.org/10.1063/1.4997367 

Rincón-Molina, C. I., Hernández-García, J. A., Rincón-Rosales, R., Gutiérrez-

Miceli, F. A., Ramírez-Villanueva, D. A., González-Terreros, E., Peña-Ocaña, 

B. A., Palomeque-Domínguez, H., Dendooven, L., & Ruíz-Valdiviezo, V. M. 

(2019). Structure and Diversity of the Bacterial Communities in the Acid and 

Thermophilic Crater-Lake of the Volcano “El Chichón”, Mexico. 

Geomicrobiology Journal, 36(2), 97–109. 

https://doi.org/10.1080/01490451.2018.1509158 

Rini, C. S., & Rohmah, J. (2020). Buku Ajar Mata Kuliah Bakteriologi Dasar (M. 

Mushlih (ed.); Pertama). UMSIDA Press. 

Robbins, E. I. (2000). Bacteria and Archaea in acidic environments and a key to 

morphological identification. Hydrobiologia, 433, 61–89. 

https://doi.org/10.1023/A:1004062519263 

Roy, S., Coldren, C., Karunamurthy, A., Kip, N. S., Klee, E. W., Lincoln, S. E., 

Leon, A., Pullambhatla, M., Temple-Smolkin, R. L., Voelkerding, K. V., 



 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id 

138 
 

 
 

Wang, C., & Carter, A. B. (2018). Standards and Guidelines for Validating 

Next-Generation Sequencing Bioinformatics Pipelines: A Joint 

Recommendation of the Association for Molecular Pathology and the College 

of American Pathologists. Journal of Molecular Diagnostics, 20(1), 4–27. 

https://doi.org/10.1016/j.jmoldx.2017.11.003 

Rukminasari, N., Nadiarti, & Awaluddin, K. (2014). Pengaruh derajat keasaman 

(pH) air laut terhadap konsentrasi kalsium dan laju pertumbuhan Halimeda sp. 

Torani (Jurnal Ilmu Kelautan dan Perikanan), 24(1), 28–34. 

https://www.scribd.com/document/363166182/ph-derajat-air-laut-pdf 

Ryan, M. P., & Adley, C. C. (2014). Ralstonia spp.: Emerging global opportunistic 

pathogens. European Journal of Clinical Microbiology and Infectious 

Diseases, 33(3), 291–304. https://doi.org/10.1007/s10096-013-1975-9 

Safni, I., Cleenwerck, I., De Vos, P., Fegan, M., Sly, L., & Kappler, U. (2014). 

Polyphasic taxonomic revision of the Ralstonia solanacearum species 

complex: Proposal to emend the descriptions of Ralstonia solanacearum and 

Ralstonia syzygii and reclassify current R. syzygii strains as Ralstonia syzygii 

subsp. syzygii subsp. nov., R. s. International Journal of Systematic and 

Evolutionary Microbiology, 64, 3087–3103. 

https://doi.org/10.1099/ijs.0.066712-0 

Sanger, F., Nicklen, S., & Coulson, A. R. (1977). DNA Sequencing with Chain-

Terminating Inhibitors. Proceedings of the national academy of sciences, 

74(12), 5463–5467. 

Santoro, C., Arbizzani, C., Erable, B., & Ieropoulos, I. (2017). Microbial fuel cells: 

From fundamentals to applications. A review. Journal of Power Sources, 356, 

225–244. https://doi.org/10.1016/j.jpowsour.2017.03.109 

Sayols, S., Scherzinger, D., & Klein, H. (2016). dupRadar: a Bioconductor package 

for the assessment of PCR artifacts in RNA-Seq data. BMC Bioinformatics, 

17(428), 1–5. 

Setyono, P., & Himawan, W. (2018). Analyses of bioindicators and 

physicochemical parameters of water of Lake Tondano, North Sulawesi 

Province, Indonesia. Biodiversitas, 19(3), 867–874. 

https://doi.org/10.13057/biodiv/d190315 

Sharma, A., Kawarabayasi, Y., & Satyanarayana, T. (2012). Acidophilic bacteria 

and archaea: Acid stable biocatalysts and their potential applications. 

Extremophiles, 16(1), 1–19. https://doi.org/10.1007/s00792-011-0402-3 

Sharma, A., Parashar, D., & Satyanarayana, T. (2016). Acidophilic Microbes: 

Biology and Applications. Grand Challenges in Biology and Biotechnology, 

1, 215–241. https://doi.org/10.1007/978-3-319-13521-2_7 

Sharma, S., & Pathak, H. (2014). Pseudomonas in Biodegradation. International 

Journal of Pure & Applied Bioscience, 2(1), 213–222. www.ijpab.com 

Sheng, Q., Vickers, K., Zhao, S., Wang, J., Samuels, D. C., Koues, O., Shyr, Y., & 

Guo, Y. (2017). Multi-perspective quality control of Illumina RNA 



 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id 

139 
 

 
 

sequencing data analysis. Briefings in Functional Genomics, 16(4), 194–204. 

https://doi.org/10.1093/bfgp/elw035 

Sierra, M. A., Ryon, K. A., Tierney, B. T., Foox, J., Bhattacharya, C., Afshin, E., 

Butler, D., Green, S. J., Thomas, W. K., Ramsdell, J., Bivens, N. J., McGrath, 

K., Mason, C. E., & Tighe, S. W. (2022). Microbiome and metagenomic 

analysis of Lake Hillier Australia reveals pigment-rich polyextremophiles and 

wide-ranging metabolic adaptations. bioRxiv, 17(1), 1–42. 

https://doi.org/10.1186/s40793-022-00455-9 

Sirait, M., Rahmatia, F., & Pattulloh. (2018). KOMPARASI INDEKS 

KEANEKARAGAMAN DAN INDEKS DOMINANSI FITOPLANKTON 

DI SUNGAI CILIWUNG JAKARTA (Comparison Of Diversity Index And 

Dominant Index of Phytoplankton At Ciliwung River Jakarta). Jurnal 

Kelautan: Indonesian Journal of Marine Science and Technology, 11(1), 75–

79. https://doi.org/10.21107/jk.v11i1.3338 

Sorokin, D. Y., Tourova, T. P., Mußmann, M., & Muyzer, G. (2008). Dethiobacter 

alkaliphilus gen. nov. sp. nov., and Desulfurivibrio alkaliphilus gen. nov. sp. 

nov.: Two novel representatives of reductive sulfur cycle from soda lakes. 

Extremophiles, 12(3), 431–439. https://doi.org/10.1007/s00792-008-0148-8 

Stanev, E. V., Poulain, P. M., Grayek, S., Johnson, K. S., Claustre, H., & Murray, 

J. W. (2018). Understanding the Dynamics of the Oxic-Anoxic Interface in the 

Black Sea. Geophysical Research Letters, 45(2), 864–871. 

https://doi.org/10.1002/2017GL076206 

Sulaimah, R., Renshaleksamana, E., Zaetun, S., Jiwintarum, Y., & Rohmi. (2022). 

Viabilitas Bakteri Pada Spesimen Klinis Penderita Infeksi Saluran Kemih 

Menggunakan Bio-porter Sebagai Wadah Transport. Journal of Indonesias 

Laboratory Technology of Student (JILTS), 1(1), 22–31. 

Sulonen, M. L. K., Kokko, M. E., Lakaniemi, A. M., & Puhakka, J. A. (2014). 

Electricity generation from tetrathionate in microbial fuel cells by acidophiles. 

Journal of Hazardous Materials, 284, 182–189. 

https://doi.org/10.1016/j.jhazmat.2014.10.045 

Swings, J., Lambert, B., Kersters, K., & Holmes, B. (2006). The Genera 

Phyllobacterium and Ochrobactrum. The Prokaryotes, 5, 747–750. 

https://doi.org/10.1007/0-387-30745-1_33 

Tasma, I. M. (2016). Pemanfaatan Teknologi Sekuensing Genom Untuk 

Mempercepat Program Pemuliaan Tanaman. Jurnal Penelitian dan 

Pengembangan Pertanian, 34(4), 159. 

https://doi.org/10.21082/jp3.v34n4.2015.p159-168 

Thukral, A. K. (2017). A review on measurement of Alpha diversity in biology. 

Agricultural Research Journal, 54(1), 1–10. https://doi.org/10.5958/2395-

146x.2017.00001.1 

Urbieta, M. S., González Toril, E., Aguilera, A., Giaveno, M. A., & Donati, E. 

(2012). First Prokaryotic Biodiversity Assessment Using Molecular 



 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id 

140 
 

 
 

Techniques of an Acidic River in Neuquén, Argentina. Microbial Ecology, 

64(1), 91–104. https://doi.org/10.1007/s00248-011-9997-2 

Urbieta, M. S., Toril, E. G., Alejandra Giaveno, M., Bazán, Á. A., & Donati, E. R. 

(2014). Archaeal and bacterial diversity in five different hydrothermal ponds 

in the Copahue region in Argentina. Systematic and Applied Microbiology, 

37(6), 429–441. https://doi.org/10.1016/j.syapm.2014.05.012 

Utami, S. B., Hinsberg, V. J. V., Ghaleb, B., & Dijk, A. E. V. (2020). Oxygen 

isotope fractionation between gypsum and its formation waters: Implications 

for past chemistry of the Kawah Ijen volcanic lake, Indonesia. American 

Mineralogist, 105(5), 756–763. https://doi.org/10.2138/am-2020-7298 

Ventosa, A., de la Haba, R. R., Arahal, D. R., & Sánchez‐Porro, C. (2021).  

Halomonas . In Bergey’s Manual of Systematics of Archaea and Bacteria. 

https://doi.org/10.1002/9781118960608.gbm01190.pub2 

Waksman, S. ., & Joffe, J. S. (1920). The oxidation of sulfur by microorganisms. 

Proceedings of the Society for Experimental Biology and Medicine, 18(1), 1–

3. https://doi.org/10.1093/jnci/10.6.1341 

Wang, H. C., Guo, H., Cai, L., Cai, L. T., Guo, Y. S., & Ding, W. (2019). Effect of 

temperature on phenotype characterization of Ralstonia solanacearum from 

tobacco. Canadian Journal of Plant Pathology, 42(2), 164–181. 

https://doi.org/10.1080/07060661.2019.1654547 

Wang, L., & Shao, Z. (2021). Aerobic Denitrification and Heterotrophic Sulfur 

Oxidation in the Genus Halomonas Revealed by Six Novel Species 

Characterizations and Genome-Based Analysis. Frontiers in Microbiology, 

12(March). https://doi.org/10.3389/fmicb.2021.652766 

Ward, L., Taylor, M. W., Power, J. F., Scott, B. J., McDonald, I. R., & Stott, M. B. 

(2017). Microbial community dynamics in Inferno Crater Lake, a thermally 

fluctuating geothermal spring. ISME Journal, 11(5), 1158–1167. 

https://doi.org/10.1038/ismej.2016.193 

Westcott, S. L., & Schloss, P. D. (2015). De novo clustering methods outperform 

reference-based methods for assigning 16S rRNA gene sequences to 

operational taxonomic units. PeerJ, 3(12), e1487. 

https://doi.org/10.7717/peerj.1487 

Wiguna, A. S., & Ayu, H. D. (2015). Pengaruh aktivitas kegempaan terhadap 

kondisi hidrokimia Danau Kawah Ijen. SMARTICS Journal, 1(1), 24–27. 

http://ejournal.unikama.ac.id/index.php/jst/article/view/843 

Wong, B. T., & Lee, D. J. (2014). Pseudomonas yangmingensis sp. nov., an 

alkaliphilic denitrifying species isolated from a hot spring. Journal of 

Bioscience and Bioengineering, 117(1), 71–74. 

https://doi.org/10.1016/j.jbiosc.2013.06.006 

Yaman, B. N., Mutlu, M. B., Çelik, P. A., & 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), 



 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id 

141 
 

 
 

932–936. https://doi.org/10.15414/jmbfs.2020.9.5.932-936 

Yang, L., Zhao, D., Yang, J., Wang, W., Chen, P., Zhang, S., & Yan, L. (2019). 

Acidithiobacillus thiooxidans and its potential application. Applied 

Microbiology and Biotechnology, 103(19), 7819–7833. 

https://doi.org/10.1007/s00253-019-10098-5 

Ye, J. W., & Chen, G. Q. (2021). Halomonas as a chassis. Essays in Biochemistry, 

65(2), 393–403. https://doi.org/10.1042/EBC20200159 

Yulis, P. A. R. (2018). ANALISIS KADAR LOGAM MERKURI (Hg) DAN (pH) 

AIR SUNGAI KUANTAN TERDAMPAK PENAMBANGAN EMAS 

TANPA IZIN (PETI). Orbital: Jurnal Pendidikan Kimia, 2(1), 28–36. 

https://doi.org/10.19109/ojpk.v2i1.2167 

Yuliwulandari, R., Prayuni, K., Kenconoviyati, Susilowati, R. W., & Sofro, A. S. 

M. (2015). Pengembangan Metode In-House HLA-Typing Gen HLA Kelas I 

(HLA A, HLA B, dan HLA C) Menggunakan Next Generation Sequencing 

Illumina MiSeq. Majalah Kedokteran Bandung, 47(3), 152–159. 

https://doi.org/10.15395/mkb.v47n3.389 

Yusuf, F. N., Nawir, A., Zulkifli, Z., Warkito, A. N., Asmiani, N., Said, M. S., 

Bakri, H., Arifin, M., Chalik, C. A., & Wakila, M. H. (2021). Analisis 

Pengaruh Kapasitas Penetralan Batugamping Dengan Menggunakan Metode 

Acid Buffering Characteristic Curve. Jurnal Geomine, 9(1), 39–48. 

https://doi.org/10.33536/jg.v9i1.852 

Zein, M. S. A., & Prawiradilaga, D. M. (2013). DNA Barcode Fauna Indonesia 

(Edisi I). Kencana Prenadamedia Group. 

https://books.google.co.id/books?hl=en&lr=&id=RFFADwAAQBAJ&oi=fn

d&pg=PA29&dq=DNA+Barcode+Fauna+Indonesia&ots=xie6IDzG_q&sig=

0XerLFkbznBfIpk-KvEAJ5MgOvQ&redir_esc=y#v=onepage&q=DNA 

Barcode Fauna Indonesia&f=false 

Zhang, G., Yang, Y., Yin, X., & Wang, S. (2014). Paracoccus pacificus sp. nov., 

isolated from the Western Pacific Ocean. Antonie van Leeuwenhoek, 

International Journal of General and Molecular Microbiology, 106(4), 725–

731. https://doi.org/10.1007/s10482-014-0242-0 

Zhang, S., Yan, L., Xing, W., Chen, P., Zhang, Y., & Wang, W. (2018). 

Acidithiobacillus ferrooxidans and its potential application. Extremophiles, 

22(4), 563–579. https://doi.org/10.1007/s00792-018-1024-9 

Zhang, X., Liu, X., Liang, Y., Xiao, Y., Ma, L., Guo, X., Miao, B., Liu, H., Peng, 

D., Huang, W., & Yin, H. (2017). Comparative genomics unravels the 

functional roles of co-occurring acidophilic bacteria in bioleaching heaps. 

Frontiers in Microbiology, 8(790), 1–15. 

https://doi.org/10.3389/fmicb.2017.00790 

Zhou, J., He, Z., Yang, Y., Deng, Y., Tringe, S. G., & Alvarez-Cohen, L. (2015). 

High-throughput metagenomic technologies for complex microbial 

community analysis: Open and closed formats. mBio, 6(1), 1–17. 



 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id digilib.uinsa.ac.id 

142 
 

 
 

https://doi.org/10.1128/mBio.02288-14 

Ziegler, S., Dolch, K., Geiger, K., Krause, S., Asskamp, M., Eusterhues, K., Kriews, 

M., Wilhelms-Dick, D., Goettlicher, J., Majzlan, J., & Gescher, J. (2013). 

Oxygen-dependent niche formation of a pyrite-dependent acidophilic 

consortium built by archaea and bacteria. ISME Journal, 7(9), 1725–1737. 

https://doi.org/10.1038/ismej.2013.64 

Zylstra, G. J., & Kim, E. (1997). Aromatic hydrocarbon degradation by 

Sphingomonas yanoikuyae B1. Journal of Industrial Microbiology and 

Biotechnology, 19(5–6), 408–414. https://doi.org/10.1038/sj.jim.2900475 

 

 

 

 

 

 

 

 

 

 

 

 


