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ABSTRACT 

        Recent accumulation of the bacterial 16S and 23S rRNA gene 

sequences in the public GenBank databases obtained from the wide 

use of the Polymerase Chain Reaction (PCR) and the Next Generation 

Sequencing (NGS) applications has led the specialists in the fields of 

microbiology and bioinformatics to provide specific and reliable 

databases for storing, retrieving and aligning bacterial ribosomal gene 

sequences. In our review, we have provided a comprehensive 

description of gene databases with an emphasis on the most 

specialized and high quality rRNA gene databases. These databases 

are freely accessible and widely used for all specialist users for 

accurate bacterial genera and species identification from different 

sources. rRNA genes, platforms, internet addresses and references of 

each gene specialized database were outlined. The Silva, EzTaxon-e 

and BIBI have been shown to be the most confident and reliable 

specialized rRNA gene databases. These databases contain the semi 

fully high-quality ribosomal gene sequences along with some              

house-keeping and uncultured gene sequences in case of EzTaxon-e.   
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BACKGROUND 

The 16S ribosomal RNA (rRNA) gene has become the gold standard and the reliable method 

for detection and identification of bacterial genera and in some cases specific-species                            

(Petti, 2007; Tringe and Hugenholtz, 2008; Vinje et al., 2015). The bacterial 16S rRNA molecule is 

the most conserved marker gene that shows considerable sequence diversity among different 

bacteria (Chakravorty, 2007). There are a number of reasons that favour the extensive utilization of 

the 16S rRNA to detect and identify bacterial genera and species. These reasons include first, it is 

universally distributed in bacteria, thus the lineage among all bacteria can be measured                      

(Woese et al., 1985); second, it is conserved over time, which enabled the design of suitable primers 

for PCR amplification; third, its size (~1,500bp) is suitable for sequencing and provides enough 

information for analysis (Patel, 2001; Mizrahi-Man et al., 2013). In 1982, only 606 sequences were 

available which were deposited in GenBank, the largest global database of gene sequencing, while 

as of August 2020 over one and a half billion have been deposited 

(https://www.ncbi.nlm.nih.gov/genbank/statistics/) of which more than 6,000,000 are nucleotide 

sequences of the 16S rRNA gene. In the last two decades, tremendous amount of sequence data 

including 16S rRNA genes have been accumulated in the public gene databases as results of the 

advent of next generation sequencing (NGS) methodologies that targeted amplicon sequencing of 

the 16S rRNA gene (Reuter et al., 2015; Myer et al., 2016; Rausch et al., 2019; Brumfield et al., 

2020; Winand et al., 2020). Furthermore, megabases of 16S rRNA gene sequence libraries from the 

environmental samples have been cloned and deposited in the GenBank databases                               

(Sczyrba et al., 2017; Escobar-Zepeda et al., 2018; Reza et al., 2018; Bharti and Grimm, 2019; 

Chen et al., 2020).  In this work, we provide a brief review on the specialized high-quality and 

freely available 16S rRNA sequence gene databases, such as Silva database, EzTaxon-e database, 

BIBI database and other similar specialized databases. This review summarizes their basic function, 

unique features and retrieving sequences utility.  The genes, platforms, URLs and references of all 

databases discussed in this review can be found in (Table 1).                 

 

Table 1: Overview, internet addresses and references of 16S rRNA sequence gene databases 
   

Database  URL Reference No. of citation 

Silva https://www.arb-silva.de/ 

 

Quast et al., 2013; Yilmaz et 

al., 2014 

10451 

EzTaxon-e https://www.ezbiocloud.net/ 

 

Chun et al., 2007;    Yoon et 

al., 2017 

5141 

BIBI https://umr5558-bibiserv.univ-

lyon1.fr/lebibi/lebibi.cgi 

 

Devulder et al., 2003; 

Flandrois et al., 2015 

218 

RDP https://rdp.cme.msu.edu/ 

 

Cole et al., 2009;        Cole et 

al., 2014 

7275 

Greengenes http://greengenes.lbl.gov/ 

 

DeSantis et al., 2006 4372 

 

Importance of the Specialized 16S Gene Databases 

Due to the rapid increase of 16S gene sequences in the last few years that are deposited in 

public databases, it was no longer be manually inspected and processed. This laid the foundation of 

specialized 16S gene databases that are able to mimic the manual curation process and align 

millions of ribosomal gene sequences. The 16S gene sequences in these databases are checked for 

quality, taxonomy and annotations (Glöckner et al., 2017). These databases are designed to cover 

the 16S gene sequence of all the domain of life with a coherent and an easily accessible way. 

Access to the ribosomal gene sequences in all of these databases is free for all users via the web 

(Santamaria et al., 2012). These databases contain useful information about the 16S gene sequences 
such as the validity sequence names and sample from which it obtained, and the gene variants. Most 

of the public databases contain a number of partial and poorly annotated 16S gene sequences 

https://www.ncbi.nlm.nih.gov/genbank/statistics/
https://www.arb-silva.de/
https://www.ezbiocloud.net/
https://umr5558-bibiserv.univ-lyon1.fr/lebibi/lebibi.cgi
https://umr5558-bibiserv.univ-lyon1.fr/lebibi/lebibi.cgi
https://rdp.cme.msu.edu/
http://greengenes.lbl.gov/
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(Edgar, 2018). On the other hand, the specialized 16S gene databases contain complete or almost 

complete ribosomal gene sequences (Pruesse et al., 2012; Flandrois et al., 2015). This often 

employs the discriminatory power to identify bacteria at the genus or the species level. Finally, 

these gene databases contain sequences from different clinical and environmental sources including 

cultured and uncultured species obtained from different sequence platforms including next 

generation sequencing and metagenomics.    
 

Silva Database 

Silva database (Quast et al., 2013), is a comprehensive biological resource that actively 

incorporates (16S/18S) and (23S/28S) high-quality ribosomal RNA gene sequences for all domains 

of life (Bacteria, Archaea and Eukaryota). This is a unique feature among the current existing rRNA 

specialized databases which contain only rRNA sequences. The Silva was used for quality checked 

and aligned sequenced regions of both 16S and 23S rRNA. Silva database contained, when it was 

released in 2007, 353,366 16S and 46,979 23S rRNA sequences (Pruesse et al., 2007). The current 

Silva database release 138 (December 2019) contains 9, 469, 656 and 907, 382 rRNA gene 

sequences. The datasets for each gene in Silva are either Parc or Ref. The Silva Parc dataset 

comprises the full-length sequences for the respective genes; the Silva Ref comprises nearly full-

length high-quality sequences for the respective gene (Glöckner et al., 2017). The input data file 

should be in FASTA format, whereas the corresponding output datasets can be downloaded as 

ARB, zip, tgz as well as FASTA format. The Silva database can be readily used with the standalone 

program or as a web-based service. The ribosomal RNA gene sequence data in SILVA are retrieved 

from the EMBL/ENA nucleotide sequence database (Kanz et al., 2005). The SILVA database is 

developed and maintained by the Microbial Genomics and Bioinformatics Research Group in 

Bremen, Germany, in cooperation with the Department of Microbiology at the Technical University 

Munich and the Ribocon GmbH.  
 

EzTaxon-e Database 

EzTaxon-e (Chun et al., 2007; Yoon et al., 2017) is a specialized 16S rRNA gene sequences 

database for the identification of bacteria and archaea type strains. The database is based on 

pairwise nucleotide similarity values and phylogenetic inference methods for the identification of 

isolates. While the original version of EzTaxon database contained information on type strains, the 

last version of the database provides an extended information by including 16S rRNA gene 

sequences of unclassified or uncultured species (Kim et al., 2012). This is a unique useful feature 

for studying the taxonomy and identification of cultured and uncultured species. The current 

EzTaxon-e database contains 2, 943, 209 16S rRNA gene sequences of the bacteria and archaea 

domains. EzTaxon-e is a web-based service and cannot be used standalone. The input data file can 

be either in FASTA or in AB1 format, whereas the corresponding output datasets can be 

downloaded as Excel, EzEditor2 as well as FASTA format. All sequence data in EzTaxon-e are 

basically collected from the NCBI GenBank (Benson et al., 2012). Moreover, the database utilizes 

genome and metagenome sequencing projects for retrieving the 16S rRNA gene sequences using 

the rRNASelector program (Lee et al., 2011). The EzTaxon database is produced and maintained by 

ChunLab, Inc., South Korea.  
 

BIBI Database 

The Bioinformatics Bacterial Identification database (BIBI) (Devulder et al., 2003) is another 

specialized biological database that was developed for bacterial identification based on ribosomal 

RNA gene sequences. The original version of this database was based on 16S rRNA sequences 

which were extracted from the public NCBI GenBank database (Benson et al., 2012). The new 

version of BIBI database now uses 16S and 23S rRNA gene sequences as well as protein coding 

gene sequences of gyrB, recA, sodA, rpoB, tmRNA, tuf and groel2-hsp65 (Flandrois et al., 2015). 

Besides the NCBI GenBank database, the new gene sequences of subsets that are involved in the 

new version of BIBI database are retrieved from the EMBL/ENA nucleotide sequence database 
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(Kanz et al., 2005) and from the RNAcentral, a new source of information for RNA gene 

sequences, a comprehensive database (Gorodkin and Seemann, 2019). BIBI database uses a series 

of nucleotide sequences in FASTA format as an input data file. A unique feature of BIBI system is 

that the output results are displayed in a tree in NEWICK format after retrieving the most closely 

related strain sequences to the query sequence, aligning them, and performing phylogenetic 

reconstruction using an approximate maximum likelihood method (Flandrois et al., 2015). The 

BIBI database can be facilely performed as a web-based service for a single sequence or batches of 

sequences submission. The BIBI database is developed and maintained by the Bacteriology Lab, 

Faculty of Medicine, University of Claude Bernard – Lyon, France.  
 

Similar Specialized Databases 

Two of the most worldwide similar specialized ribosomal RNA gene Databases are the 

Ribosomal Database Project (RDP) database (Cole et al., 2014) and the Greengenes database 

(DeSantis et al., 2006).  

The RDP database contains 16S rRNA gene sequences for bacteria and archaea, as well as 

28S gene sequences for Fungi. The database lacks sequences of 23S for bacteria and archaea and 

18S for Fungi. The gene sequences of RDP database are coming from cultured and uncultured 

microorganisms. Most of rRNA gene sequences in the RDP are retrieved from the NCBI GenBank 

database (Benson et al., 2012), the EMBL/ENA nucleotide sequence database (Kanz et al., 2005), 

the DDBJ database (Mashima et al., 2016) and from the direct submissions to the RDP system 

(Maidak et al., 2000). The last RDP database release 11.5 (September 2016) contains 3,356,809 

aligned and annotated bacterial and archaeal 16S rRNA sequences and 125,525 Fungal 28S rRNA 

sequences. The input data file can be in FASTA, GenBank or in EMBL format, whereas the 

corresponding output datasets are sequences in FASTA format. The RDP system database can be 

used with the standalone programs and as a web-based reference. The RDP database is hosted and 

maintained by the Center for Microbial Ecology at Michigan State University, USA.  

On the other hand, the Greengenes database provides 16S rRNA gene sequences for bacteria 

and archaea domains (DeSantis et al., 2006). The database lacks any 23S rRNA or eukaryotic gene 

sequences. The rRNA gene sequences in Greengenes database are obtained from the NCBI 

GenBank database (Benson et al., 2012) and CyanoDB database (Caporaso et al., 2010). The 

Greengenes database can readily be used with the standalone program and as a web-based service. 

It is hosted and maintained by the Lawrence Berkeley National Laboratory, USA. However, the 

database seems to be no longer being maintained, it has not been updated for the last eight years. 
 

Table 2: Gene types, platforms and hosts of the specialized 16S rRNA gene databases 
           

Database Gene Platform Host 

Silva   rRNA and   rRNA   Standalone program 

and web-based service 

Microbial Genomics and 

Bioinformatics Research Group 

in Bremen and Department of 

Microbiology at the Technical 

University Munich and the 

Ribocon GmbH / Germany 

EzTaxon-e   rRNA   Web-based service ChunLab, Inc., South Korea 

BIBI   16S rRNA ,  23S 

rRNA    and coding 

gene sequences of 

gyrB, recA, sodA, 

rpoB, tmRNA, tuf, 

groel2-hsp65 

Web-based service The Bacteriology Lab, Faculty 

of Medicine, University of 

Claude Bernard – Lyon, France. 

RDP  16S rRNA  and   23S 

rRNA   

Standalone program 

and web-based service 

The Center for Microbial 

Ecology at Michigan State 

University, USA 

Greengenes 16S rRNA  Standalone program 

and web-based service 

The Lawrence Berkeley 

National Laboratory, USA 
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CONCLUSION 

In our review we have provided a detailed description of the most robust and comprehensive 

rRNA gene sequences databases that are used to retrieve, align and compare the query rRNA genes 

for bacterial identification. We summarized type of rRNA genes, platforms, internet addresses and 

references of each gene specialized database. It was very obvious that Silva database superior over 

the rest databases as it includes the full-length sequences for all domains of life (Bacteria, Archaea 

and Eukaryota). However, other databases such as EzTaxon-e database with a unique feature of 

identification of uncultured novel species based on 16S rRNA obtained from NGS and 

metagenomics methods and the BIBI database with a unique feature of constructing a maximum 

likelihood phylogenetic tree besides the bacterial species identification have preferable utilization 

with those who are interested in isolation and identification of novel uncultured bacterial species or 

those who are less familiar of using advanced bioinformatics tools for drawing and constructing the 

phylogenetic trees, respectively.  
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   16S RNAعالية الجودة  الرايبوسومي المتخصصةقواعد بيانات الجينات الحامض النووي الرايبوزي 
 تشخيص الاجناس البكتيرية وتحديد الانواع: مقالل

 

 الممخص
 rRNA S 32والكبير  S61 الرايبوسومي الصغير النووي الرايبوزيأدى التراكم الأخير لمتسمسل الجيني البكتيري لمحامض 

  (PCR) العامة التي تم الحصول عمييا من الاستخدام الواسع لتطبيقات تفاعل البممرة المتسمسلبنك الجينات  في قواعد بيانات
والمعموماتية الحيوية لتوفير قواعد المجيرية الى توجيو المتخصصين في مجالات عمم الأحياء  وتطبيقات تسمسل الجيل القادم

قدمنا وصفًا شاملًا  المقال:محددة وموثوقة لتخزين واسترجاع وتنظيم تسمسل جينات الحامض الرايبوزي البكتيري. في ىذا  بيانات
قواعد البيانات ىذه  الجودة.مع التركيز عمى قواعد بيانات الجينات لمحامض النووي الرايبوزي الرايبوسومي الأكثر تخصصًا وعالية 

متاحة مجانًا وتستخدم عمى نطاق واسع لجميع المستخدمين المتخصصين لتشخيص الأجناس البكتيرية الدقيقة والأنواع من مصادر 
قاعدة بيانات متخصصة  ومصادر كل الإنترنت،وعناوين  والمنصات، الرايبوسومي،تم تحديد جينات الحامض الرايبوزي  مختمفة.

. تحتوي دقة وموثوقيةىي قواعد بيانات الجينات المتخصصة الأكثر  BIBIو  EzTaxon-eو  Silvaثبت أن  الجينات.في 
عالية الجودة جنبًا إلى جنب مع بعض الموروثات الخدمية و  الرايبوسومية شبوقواعد البيانات ىذه عمى تسمسل الجينات الريبوزية 

 . EzTaxon-eالتسمسلات الجينية كما في حالة 
 
الجينات المشفرة لمبروتين، جينات الحامض النووي الرايبوزي  تشخيص البكتيريا، قواعد بيانات بنك الجينات، :الدالةممات الك

 .الرايبوسومي، قواعد بيانات الجينات المتخصصة
 


