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1. INTRODUCTION  

Bacteria are often identified as the causes of human and 

animal diseases. However, some bacteria, produce 

antibiotics; others live symbiotically in the guts of animals 

including humans, or elsewhere in their bodies, or on the 

roots of certain plants. They help to break down dead 

organic matter; make up the base of the food web in many 

environments. Bacteria are of such immense importance 

because of their extreme flexibility, capacity for

growth and reproduction, and contribution to the p

in the body of humans. 

Bacteria also contribute immensely to global energy 

conversion and the recycling of matter. Thus, profiling the 

microbial community is one of the most important tasks for 

microbiologists to explore various ecosystems. Howeve

our understanding of the kingdom Bacteria remains limited 

because most bacteria cannot be cultured or isolated under 
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ABSTRACT: In 1980s, Carl Woese made a ground breaking contribution to

microbiology using rRNA-genes for phylogenetic classifications

only to explore microbial diversity but also as a method for bacterial annotation.

Today, rRNA-based analysis remains a central method in microbiology

researchers followed this track, using several new generations of Artificial 

Neural Networks obtained high accuracies using available datasets of their time. 

By the time, the number of bacteria increased enormously. I

Longest Common Subsequence similarity measure to 

rRNA gene sequences of 1.820.414 bacteria in SILVA, 

RDP, and 198.509 bacteria in Greengenes. The last two taxonomy have 

taxonomical levels, phylum, class, order, family, genus, and species

SILVA has two more levels subclass and suborder, but lacks species level

majority of classifications (98%) were of high accuracy (98%).
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laboratory conditions (Ash et. al., 1991)

decades, DGGE, Denaturing gradient gel electrophoresis,

(Audic, and. Claverie, 1997), T-RFLP

fragment length polymorphism (Benson, et. al., 2000)

FISH, fluorescent situ hybridization

Genechips (Bruno, et. al., 2000) were used as mainstream 

methods in studies of bacterial communities and

until the development of high

technology. Recently, meta-genomic methods provided by 

next-generation sequencing technology such as Roche 454 

(Cannone, et., al., 2002, Christensen, 

(Cole, e., al., 2006) have facilitated a remarkable expansion 

of our knowledge regarding uncultured bacteria

a., 2016). 

 

i2.144 

lassification 

made a ground breaking contribution to 

phylogenetic classifications. He used it not 

a method for bacterial annotation. 

a central method in microbiology. Many 

researchers followed this track, using several new generations of Artificial 

Neural Networks obtained high accuracies using available datasets of their time. 

By the time, the number of bacteria increased enormously. In this article we used 

to classify bacterial 16S 

bacteria in SILVA, 3.196.038 bacteria in 

. The last two taxonomy have six 

els, phylum, class, order, family, genus, and species, while 

SILVA has two more levels subclass and suborder, but lacks species level. The 

majority of classifications (98%) were of high accuracy (98%).  

(Ash et. al., 1991). In the past few 
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(Benson, et. al., 2000), 

fluorescent situ hybridization (Brown, 1999), and 
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methods in studies of bacterial communities and diversity 

until the development of high-throughput sequencing 

genomic methods provided by 

generation sequencing technology such as Roche 454 

(Cannone, et., al., 2002, Christensen, 1992) and Illumina 

ve facilitated a remarkable expansion 

of our knowledge regarding uncultured bacteria (Yang et., 
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A Brief History of Bacterial Classifications
1
 

Ernst Haeckel, in the year 1866,  in the Tree of Life in 

Generelle Morphologie der Organismen  (Haeckel, 1867) 

first classified bacteria as plants, constituting the class 

Schizomycetes. He placed the group in the phylum Moneres 

in the kingdom Protista and defined them as completely 

structureless and homogeneous organisms, consisting only 

of a piece of plasma.  

Indeed a genus of comma shaped bacteria, Vibrio,  first 

described in 1854 (Pacini, 1854). The genus Bacterium was 

a taxon described in 1828 by Christian Gottfried Ehrenberg 

(Ehrenberg, 1828). Ehrenberg also described spiral shaped 

bacteria Spirillum, in 1832 (Ehrenberg, 1832). A genus of 

spore-forming rod shaped bacteria, Bacillus,  in 1835, and 

thin spiral shaped bacteria, Spirochaeta,  in 1835 

(Ehrenberg, 1835). 

Cohn (1872) distinguished six genera: Micrococcus, 

Bacterium, Bacillus, Vibrio, Spirillum, and Spirochaeta 

(Murray, and Holt, 2005), and this classification was 

influential throughout the nineteenth century. Ferdinand 

Cohn (Cohn, 1875) also recognized 4 tribes: Sphero-

bacteria, Microbacteria, Desmobacteria, and Spirobacteria. 

Stanier. 

Erwin F. Smith accepted 33 valid different names of 

bacterial genera and over 150 invalid names in 1905, (Smith 

1905) and in 1913 Paul Vuillemin (Vuillemin, 1913) in a 

paper concluded that all species of the Bacteria should fall 

into the genera Planococcus, Streptococcus, Klebsiella, 

Merista, Planomerista, Neisseria, Sarcina, Planosarcina, 

Meta bacterium, Clostridium, Serratia, Bacterium and 

Spirillum. 

Van Niel, (Stanier, and van Niel, 1941) recognized the 

Kingdom Monera with 2 phyla, Myxophyta and 

Schizomycetae. The phylum Schizomycetae comprising 

classes Eubacteriae with 3 orders, Myxobacteriae, 1 order, 

and Spiroch-etae, 1 order. Bisset (Bisset, K. A. 1962) 

distinguished 1 class and 4 orders: Eubacteriales, 

Actinomycetales, Strept-omycetales, and Flexibacteriales.  

The most widely accepted system of its time was due to 

Migula, (Migula, 1897).  which included all then-known 

species but was based only on morphology, contained the 3 

basic groups, Coccaceae, Bacillaceae, and Spirillaceae but 

also Trichobacterinae for filamentous bacteria; Orla-Jensen 

(Orla-Jensen, 1909) established 2 orders: Cephalotrichinae, 

7 families, and Peritrichinae, presumably with only 1 family. 

Bergey (Bergey et al 1925) presented a classification which 

generally followed the 1920 Final Report of the SAB, 

Society of American Bacteriologists Committee (Winslow et 

al, 1917), which divided the class Schizomycetes into 4 

                                                
1 https://en.wikipedia.org/wiki/Bacterial_taxonomy 

 

orders: Myxobacteriales, Thiobacteriales, Chlamydobacter-

iales, and Eubacteriales, with a 5th group being 4 genera 

considered intermediate between bacteria and protozoans: 

Spirocheta, Cristospira, Saprospira, and Treponema. 

Due to the lack of visible traits to follow, throughout 

classification history, different authors often reclassified the 

genera, in different ways. The resulted poor state is 

summarized in 1915 by Robert Earle Buchanan (Buchanan, 

1916). 

Relatively recently, in 1980s, Carl Woese brought a new tec 

technique to microbiology with his rRNA-based 

phylogenetic classification (Woese, et. al, 1990). Today, 

rRNA-based analysis remains a central method in 

microbiology, used not only to explore microbial diversity 

but also as a method for bacterial annotation. rRNA-based 

identification methods are conceptually easier to interpret 

than molecular phylogenetic analyses and are often 

preferred when the groups are well defined. While 

phylogenetic methods are clustering techniques, most rRNA 

classification methods, have been nearest-neighbor-based 

classification schemes  (Maidak, et. al., 1994; DeSantis, et. al., 

2003; Brown, 1999). In the past, this was due to the lack of a 

consistent, higher-level bacterial taxonomies. Several recent 

events have helped change this situation (Wang, et. al., 

2007). 

The 16S rRNA gene sequence first used in 1985 for 

phylogenetic analysis (Lane, et. al., 1985). Because it 

contains both highly conserved regions for primer design 

and hypervariable regions to identify phylogenetic 

characteristics of microorganisms, the 16S rRNA gene 

sequence became the most widely used marker gene for 

profiling bacterial communities (Tringe, and Hugenholtz, 

2008). Full-length 16S rRNA genesequences consist of nine 

hypervariable regions that areseparated by nine highly 

conserved regions (Baker, et. al., 2003; Wang, and Qian, 

2009). Limited by sequencing technology, the 16S rRNA 

gene sequences used in most studies are partial sequences 

(Yang, et. al, 2016). 

 

2. TAXONOMIES  

Microbiome sequencing analysis is mainly concerned with 

sequencing DNA from microorganisms living in certain 

environments without cultivating them in laboratory. In a 

typical taxonomy guided approach (Huson, et. al., 2012), 

sequenced reads are first binned into taxonomic units and 

then the microbial composition of samples is analyzed and 

compared in detail. 

The two main technical ingredients of taxonomic analysis 

are the reference taxonomy used and the binning approach 

employed. Binning is usually performed either by aligning 
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reads against reference sequences (Pruesse, et., al., 2012) or 

using k-mer based techniques (Cole, et. al., 2014). 

Taxonomic binning of 16S reads is usually based on one of 

the five taxonomies:  

• SILVA (yilmaz, et. al., 2014),  

• RDP (Wang, et. al., 2007),  

• Greengenes (McDonald, et. al., 2012)  

• NCBI (Federhen, 2012). 

• Open Tree of life Taxonomy (OTT) (Hinchliff, et. al., 

2015). 

 

There are inconsistencies of microbial classifications 

(Beiko, 2016), therefore the choice of reference taxonomy is 

important in research. In our study we have found that 

Greengenes is more inconsistent compared to the first two.    

 

Taxonomic Classifications 

Each of the five taxonomies that compared is based on a 

mixture of sources that have been compiled into taxonomies 

in different ways. They differ in both size and resolution as 

in Table 1.  

Table1 Overview of five taxonomic  classifications  

Taxonomy Type modes Lowest Latest 

SILVA Manual 12,117 Species 2017 

RDP Semi 6,128 Genus 2016 

Greengenes Automatic 3,093 Species 2013 

NCBI Manual 1,522,150 Species 2017 

OTT Automatic 2,627,066 Species 2016  
All taxonomies assign ranks to their nodes, the seven main 

ones being domain, phylum, class, order, family, genus and 

species. However, RDP only goes down to the genus level, 

but has two extra levels subclass and suborder, whereas 

SILVA, Greegenes, NCBI and OTT go down to the species 

level. In this paper, the taxonomies SILVA, RDP, Green-

genes are visited. 

 

2.1 Silva 

From Latin silva, forest2, the bacterial and archaeal 

classification in SILVA is based on Bergey’s Taxonomic 

Outlines (Boone, et. al., 2001; Brenner, et. al., 2005; Vos, et. 

al., 2009; Krieg, et. al., 2010). It is a comprehensive 

resource for up-to-date quality-controlled databases of 

aligned ribosomal RNA (rRNA) gene sequences from the 

Bacteria, Archaea and Eukaryota domains and 

supplementary online services. SILVA provides a manually 

curated taxonomy for all three domains of life, based on 

                                                
2
 http://www.arb-silva.de 

representative phylogenetic trees for the small and large-

subunit rRNA genes. The improvements of the SILVA 

taxonomy has undergone in the last five years.  

A comparison of the SILVA taxonomy with Greengenes and 

RDP taxonomies reveales a reasonable overlap between the 

taxa names, and points to significant differences in both 

names and numbers of taxa between the three resources 

(Quast, et. al., 2013). 

The SILVA database (Yilmaz et. al. 2014) bases primarily 

on phylogenies for small subunit rRNAs, 16S for 

prokaryotes and 18S for Eukarya. Taxonomic rank 

information for Archaea and Bacteria is obtained from 

Bergey’s Taxonomic Outlines (Boone, et. al. 2013; Brenner, 

et. al. 2005; Vos, et. al. 2009; Krieg, et. al. 2010) and from 

the List of Prokaryotic Names with Standing in 

Nomenclature (LPSN) (Parte, 2014), whereas eukaryotic 

taxonomy is based on the consensus views of the 

International Society of Protistologists (Adl, et. al., 2005; 

Adl, et. al., 2012). Taxonomic rank assignments in the 

SILVA database are manually curated (Yilmaz et. al. 2014).  

SILVA predominantly uses phylogenetic classification 

based on an SSU guide tree. Classification and clade names 

are informed by widely accepted sources, and discrepancies 

are resolved with the overall aim of making classification 

consistent with phylogeny. With release 100 in 2009, the 

SILVA full-length (>1200 bases for Bacteria/Eukaryota and 

>900 bases for Archaea) SSUgene guide tree went through a 

major manual curation effort to represent bacterial and 

archaeal taxa as groups in the tree. The core of this guide 

tree is based on the full length sequence tree of the ARB. 

2004 release (curated and distributed by Wolfgang Ludwig), 

and is built by adding new sequences using the ARB 

parsimony tool in combination with filters to remove highly 

variable positions (Pruesse, et., al., 2006).  

In the following releases, the curated classifications were 

extended to cover bacterial and archaeal full-length large 

subunit (LSU, 23S rRNA) and eukaryotic full-length SSU 

(18S rRNA) gene sequences. With the SILVA release 115 in 

August 2013, all quality-checked SSU and LSU rRNA gene 

sequences from all three domains of life were automatically 

classified based on the established SSU and LSU reference 

taxonomies.  

Extensive effort is spent in every release to represent 

prominent clades known only from environmental 

sequences. The majority of these clades and groups are 

annotated inthe guide tree based on literature surveys, and 

occasionally based on personal communications; therefore, 

not all of these clades are available in publications. Some 

examples are OCS116 clade (Morris, et., al., 2005), 

SAGMC and SAGME groups (Takai, et., al., 2001), and 

termite clusters (Kohler, et., al., 2008). Supplementary Table 

S1provides a full list of all such clades and groups that are 
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part of the current SILVA taxonomy. We chose to name 

phylogenetically coherent groups above the family rank, 

consisting of only sequences from uncultured organisms, 

after the clone name of the earliest submitted sequence. 

Finally with the release 132 appeared in July 2017, the 

SILVA alignment is 50,000 columns long so that it can be 

compatible with 18S rRNA sequences as well as archaeal 

16S rRNA sequences. In a shift from previous version of the 

SILVA references, it provides now the SEED database, the 

full-length sequences available from the NR SILVA 

database, and a SILVA aligned version of the gold database 

that is used for reference-based chimera detection.  

 

Table 1. Levels and number of sublevels in SILVA 

Levels # Sublevels 

Phylum 81 

Class 424 

Order 844 

Family 2118 

Genus 5318 

Species 183284 

 

 

2.2. Ribosomal Database Project (RDP) 

The RDP database (Cole, et., al., 2014) is based on 16S 

rRNA sequences from Bacteria, Archaea and Fungi 

(Eukarya). It contains 16S rRNA sequences available from 

the International Nucleotide Sequence Database 

Collaboration (INSDC) (Cochrane, et., al., 2016) databases. 

Names of the organisms associated with the sequences are 

obtained as the most recently published synonym from 

Bacterial Nomenclature Up-to-Date. Information on 

taxonomic classification for Bacteria and Archaea is based 

on the taxonomic roadmaps by Bergey’s Trust  and LPSN 

(Parte, 2014). Taxonomic information for fungi is obtained 

from a hand-made classification dedicated to fungal 

taxonomy (Cole, et., al., 2014).  

 

2.2.1 History of Rdp 

The RDP arose out of research conducted by two University 

of Illinois at Urbana-Champaign (UIUC) faculty members, 

Carl R. Woese and Gary J. Olsen. Woese recognized that, 

due to rRNA's conserved sequence, ribosomal RNA could 

be used to elicit phylogenetic relationships between 

organisms. They foresaw that making a collection of rRNA 

gene sequences available would be useful to the research 

community and stimulate research in this area. Initial 

funding for the RDP was awarded in 1989 by the Biological 

Instrumentation and Resources Program of the National 

Science Foundation. Argonne National Laboratory first 

hosted the RDP ftp and public sites and on January 5, 1992, 

471 16S rRNA sequences, many of which were generated in 

Woese's laboratory, were made available to the public in the 

first release of the RDP. The public sites were moved to 

UIUC for Release 3.0 in August 1993. NSF predominantly 

supported the RDP to 1997. As data were originally stored 

as flat files, additional funding to migrate to a commercial 

database management system was awarded jointly to 

Michigan State University (MSU) and UIUC in 1995. 

During the last 18 months of core NSF funding, discussions 

with MSU faculty at the Center for Microbial Ecology led to 

the relocation of the RDP to MSU. 

The first data release and official announcement of the RDP-

II WWW site occurred on July 31, 1998. For Relases 7.1 

and 8.0, RDP-II staff members at MSU included Bonnie 

Maidak, responsible for curation and user support, and Jim 

Cole, who oversaw, and continues to oversee, the website, 

database and development.  

Release 9.0 marked a substantial change to the RDP. Due to 

an explosion of sequence data being made available by 

sequence repositories,  

Since the first published article describing the RDP in 1991, 

eight additional articles describing the RDP have been 

published in the annual databases issue of Nucleic Acids 

Research. The ribosomal RNA sequences in the RDP 

alignments are drawn from major sequence repositories, 

GenBank (Benson, et., al., 1993) and EMBL (Rice, et., al., 

1993), and direct submissions to the RDP. They are 

organized and presented in aligned and phylogenetically 

ordered form. Each sequence is annotated with its 

organismal source, for cultured organisms: the genus, 

species, culture collection numbers, etc., cellular 

compartment, origin of sequence data, and other relevant 

information 

As of September 2006 (Release 9.42), the RDP maintained 

262 030 aligned and annotated public rRNA sequences. Of 

these, 84 442 were from cultivated bacterial strains, 

while177 588 were derived from environmental samples. A 

totalof 101 877 sequences were near-full-length (>1200 

bases)and 5543 sequences were from bacterial type strains; 

these sequences are of special importance as they help to 

link taxonomy and phylogeny.  

As a major quality improvement, all sequences are now 

tested for sequence anomalies, including chimeric sequence 

anomalies, using Pintail from the Cardiff Bioinformatics 

Toolkit (Ashelford, et al., 2005). Using Pintail on a subset of 

the RDP public sequences, those authors reported that at 

least 5% of rRNA records contain some type of anomaly. 

Cole et al. employed a similar strategy to detect anomalous 

sequences (Cole, et al., 2007). Each sequence is compared 

with at least two sequences from different publications and 

those reported as anomalous in both comparisons are 

marked as suspect. (For a small percentage of sequences, 
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results of the first two tests are not consistent and additional 

comparisons are necessary to establish a pattern.) Of the 262 

030 sequences in release 9.42, 21 771 are deemed 

anomalous by this criterion. When the sequences are 

subdivided based on source (isolate versus environmental) 

and short versus long, we find the anomalies are greatest in 

the environmental and short sequences. 

As of September 2008 (release 10.3), the Ribosomal 

Database Project (RDP) maintained 33 082 archaeal and 643 

916 bacterial small subunit rRNA sequences. Of these, 142 

511 came from cultured organisms while 534 487 were 

sequences obtained from environmental samples.  

RDP Release 11.1 consists of 2,809,406 aligned and 

annotated 16S rRNA sequences and 62,860 Fungal 28S 

rRNA sequences. RDP Release 11.2 consists of 2,929,433 

aligned and annotated 16S rRNA sequences and 95,365 

Fungal 28S rRNA sequences.  

RDP Release 11.3 consists of 3,019,928 aligned and 

annotated 16S rRNA sequences and 102,901 Fungal 28S 

rRNA sequences. Release 11.5 consists of 3,356,809 aligned 

and annotated 16S rRNA sequences and 125,525 Fungal 

28S rRNA sequences. Release 11.4 consists of 3,224,600 

aligned and annotated 16S rRNA sequences and 108,901 

Fungal 28S rRNA sequences.  

 

Table 2. Levels and number of sublevels in RDP 

Levels # Sublevels 

Phylum 51 

Classs 125 

Subclass 225 

Order 390 

Suborder 2040 

Family 109 

Genus 353 

Species No species data 

 

2.3 Greengenes (GG) 

The Greengenes taxonomy (McDonald, et. al., 2012) is 

dedicated to Bacteria and Archaea. Classification is based 

on automatic de novo tree construction and rankmapping 

from other taxonomy sources (mainly NCBI). Phylogenetic 

tree is constructed from 16S rRNA sequences that have been 

obtained from public databases and passed a quality 

filtering. Sequences are aligned by their characters and 

secondary structure and then subjected to tree construction 

with Fast Tree (Price, et. al., 2009). Inner nodes are 

automatically assigned taxonomic ranks from NCBI 

supplemented with previous version of Greengenes 

taxonomy and CyanoDB (Komárek, et. al., 2016). We used 

a taxonomy associated with the Greengenes database as 

released on May 2013 with 198.510 bacteria. Although 

Greengenes is still included in some metagenomic analyses 

packages, for example QIIME (Caporaso, et. al., 2010), it 

has not been updated for the last three years. 

Table 3. Levels and number of sublevels in Greengenes 

Levels # Sublevels 

Phylum 86 

Class 232 

Order 366 

Family 466 

Genus 1949 

Species 2389 

 

2.4 NCBI 

The NCBI taxonomy (Federhen, 2012) contains the names 

of all organisms associated with submissions to the NCBI 

sequence databases. It is manually curated based on current 

systematic literature, and uses over 150 sources, for 

example, the Catalog of Life , the Encyclopedia of Life, 

Name-Bank  and WikiSpecies as well as some specific 

databases dedicated to particular groups of organisms. It 

contains some duplicate names that represent different 

organisms. Each node has a scientific name and may have 

some synonyms assigned to it (Federhen, 2012). NCBI 

taxonomic classification files are updated on a daily basis; in 

this paper we use the version as of 05/10/2016 (Balvocilute, 

and Huson, 2017). 

Table 4. Levels and number of sublevels in NCBI 

Levels # Sublevels 

Phylum 51 

Classs 125 

Subclass 225 

Order 390 

Suborder 2040 

Family 109 

Genus 353 

Species No species data 

 

2.5 Open Tree Of Life Taxonomy (OTT) 

The Open Tree of life Taxonomy (Hinchliff, et. al., 2015) 

aims at providinga comprehensive tree spanning as many 

taxa as possible.OTT is an automated synthesis of published 

phylogenetic trees and reference taxonomies. Phylogenetic 

trees have been ranked, aligned and merged together; 

taxonomies have been used to fill in the sparse regions and 

gaps left by phylogenies. Phylogenetic trees for the 

synthesis are obtained from Tree BASE (Sanderson, et. al., 

1994), Dryad (Dryad, 2016) and in some cases directly from 

contributing authors. Taxonomies are sourced from Index 

Fungorum, SILVA, NCBI, Global Biodiversity Information 

Facility, Interim Register of Marine and Nonmarine Genera 

and some clade specific resources (Hinchliff, et. al., 2015).  
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Table 5. Levels and number of sublevels in OTT 

Levels # Sub Levels 

Phylum 86 

Class 232 

Order 366 

Family 466 

Genus 1949 

Species 2389 

 

3. MATERIALS AND METHODS; LONGEST COMMON 

SUBSEQUENCE 

To annotate bacteria we define a similarity measure between 

the two bacteria first as the length of the longest common 

sub sequence of the two bacteria 16S gene sequences as 

follows: 

Similarity of the two bacteria 

st1=CGACGCTGGCGGCGTGCCTAACACATGCAAG 

st2=GCCTAACACATGATTACTAGGTCTGGCGGGTC 

The longest common subsequence of these two strings is 

GCCTAACACATG 

Although there are other common subsequence of these two 

strings, this is the longest, and the length 12 of this common 

string is a measure of similarity of st1, and st2. 

Then we define the affinity of a bacteria to a taxonomic 

class. 

Similarity of the a bacteria to a taxonomic class 

Let Q is the query bacteria, and a taxonomic class consists 

of bacteria 

�� = ���, ��, �	 , … , ��	
.     (1) 

Let the sequence of similarities of Q to the bacteria in TC is  

� = ���, ��, �	, … , ��	
.     (2) 

The maximum of the sequence A, is the affinity F of the 

query Q, to the taxonomic class TC. 

�(�, ��) = ���(�).    (3)	

 

3.1 Annotation of Bacteria 

To annotate unknown bacteria Q, to taxonomic classes, the 

affinity of this unknown bacterium to all taxonomic classes, 

at a level of the taxonomy, are computed. To decrease the 

computational workload, 50 bacteria are randomly sampled 

from groups with bacteria more then 50. Let at a taxonomic 

level, the sublevels are 

� = ���, ��, �	, … , ��	
.     (4) 

and the affinity of Q to those classes be 

� = ���, ��, �	, … , ��	
.     (5) 

If the maximum of the sequence F is ��, it is concluded that 

the unknown bacteria Q, belongs to the taxonomic class ��. 

 

4. RESULTS 

At levels of taxonomies SILVA, RDP, and Greengenes, 

from each sublevel one random bacteria is chosen, then 

using the longest common subsequence similarity measure, 

these bacteria are re annotated. The following accuracies are 

achieved. 

4.1 Annotation Accuracies for SILVA 

The taxonomy SILVA has phylum, class, order, family, 

genus, and species levels. Accuracies obtained in re 

annotations are as in Table 6. 

Table 6. Accuracies obtained in re annotations in SILVA 

Level #Sublevels % ccuracy 

Phylum 81 98.77 

Class 424 79.46 

Order 844 80.04 

Family 2118 83.76 

Genus *5318 89.69 

Species **183284 82.00 

*Sublevels with only 1 and 2 bacteria are disregarded. 

** Sublevels with less than 50 bacteria are disregarded. 

 

4.2 Annotation Accuracies for RDP 

The taxonomy RDP has phylum, class, subclass, order, 

suborder, family, and genus levels. Accuracies obtained in 

re annotations are as in Table 7. 

Table 7. Accuracies obtained in re annotations in RDP 

Level #Sublevels % ccuracy 

Phylum 51 100.00 

Class 125 91.24 

Subclass 225 92.04 

Order 390 92.78 

Suborder *2040 86.73 

Family 109 93.58 

Genus 353 83.07 

*Sublevels with only 1 and 2 bacteria are disregarded. 

 

4.3 Annotation Accuracies for Greengenes 

The taxonomy Greengenes has phylum, class, order, family, 

genus, and species levels. Accuracies obtained in re 

annotations are as in Table 8. 
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Table 8. Accuracies obtained in re annotations in 

Greengenes 

query # Subgroups Accuracy % 

Phylum 85 91.63

Class 223 91.03

Order 366 92.90

Family 466 91.63

Genus *1949 87.36

Species **2389 70.51

*Sublevels with only 1 and 2 bacteria are disregarded. 

** Sublevels with less than 50 bacteria are disregarded. 

 

4.4 The effect of sampling  

The effect of sampling is studied at phylum levels. It is seen 

that Greengenes data is the one who effected by sampling 

most. 

Table 9. The effect of sampling at phylum levels on percent 

accuracies 

Sample Size SILVA  RDP  Greengenes  

50 90.12 82.00 84.88

100 96.30 90.00 88.37

200 93.83 90.00 88.37

500 95.06 91.63 91.63

1000 96.30 96.00 84.88

5000 98.76 98.00 82.56

Full 94.87 94.00 80.23

 

 

5. CONCLUSION 

Longest common subsequence is a novel similarity measure. 

It is seen that the re annotation accuracies are comparable 

with the accuracies of more sophisticate tools. 
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