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This brief tutorial is intended to help you to perform queries on envDB and to obtain the 

results you wish. Some of the information here can also be found on our article: 

Pignatelli M., Moya A., Tamames J. EnvDB, a database for describing the 

environmental distribution of prokaryotic taxa, Submitted 

 which is the main reference for envDB. 

 
The goal 
 

envDB is a database that collects all the available 16S rDNA sequences from all the 

sampling experiments deposited in GenBank, enriched with taxonomic and environmental 

information. The samples were categorized in a three-level hierarchical classification of 

environments: the five upper levels (terrestrial, aquatic, thermal, host-associated and 

other) are further decomposed in twenty intermediate (such as marine, marine sediments, 

freshwater, soil, gut, etc) and forty-seven lower levels (for instance, soil is further 

decomposed in forest, agricultural, wetlands, grasslands, tropical, arid, etc). Each sample 

was also characterized with nine environmental features: polluted, diseased (for clinical 

samples), acidic, alkaline, hot environment, cold environment, saline, anoxic, and 

restricted (when the study is focused only in particular taxonomic groups). EnvDB presents 

the most complete census to-date of the distribution of prokaryotes in different 

environments, with the goal of becoming a very valuable tool for the study the structure of 

microbial communities. 

 
 
The data 
 
This part intends to provide a brief description of the kind of data stored in the database.  

 

Sequences 

EnvDB contains all sequences from 16S rDNA sampling experiments deposited into the 

“Environmental” (ENV) section of GenBank database. When writing this tutorial, data  

correspond to release 164, of February 2008. We collected the sequences whose gene or 

product annotations match either “16S” or “small ribosomal”, but do not match “23S”, 

“18S”or “intergenic”, excluding short  (below 250 bps) or long sequences (above 1900 

bps). Sequences annotated as “Eukaryota” or “Virus” were also discarded. In this way, we 

obtained a final data set of 399.098 putative 16S sequences from bacterial and archaeal 

taxa.  



 

The different sampling experiments are identified by their full bibliographic reference (titles 

and authors). We assume that two sequences belong to the same sample if they have 

identical references. As frequent typographic errors exist, a disagreement of one word in 

the references is allowed, as far as the word does not contain numbers, which usually 

identify different samples or clones. This procedure grouped the sequences in 4.334 

samples. We discarded the samples that contain less than five sequences each, obtaining 

a final data set composed of 3.502 samples. The sequences belonging to each of these 

samples were clustered to 100% identity using cd-hit (http://bioinformatics.ljcrf.edu/cd-hi) 

to eliminate redundancies, which produced a final data set containing 359.928 sequences. 

 

Environmental classification 
We have derived a classification of environments for categorizing the collection of 

samples. The environments are classified in 5 supertypes, 20 types and 46 subtypes, as 

can be seen in the schema shown in the following table: 

 

Environments 
Supertype Type Subtype 

Includes 

Sea, coastal Coastal waters 
Sea, open Open marine waters 
Sea, deep Deep marine waters 

Lakes Saline lakes 
Saline waters 

Other Non-marine saline waters, saline 
wastewaters 

Saline sediment  Marine sediments 
Aquifers  

Groundwaters 
Groundwaters, Ponds, Cave 
waters, etc. Does not include 
drainages from mines 

Lakes  
Rivers  

Freshwaters 

Drinking waters Water distribution systems, 
bottled waters 

Freshwater sediment   
Freshwaters-Saline 

waters interfase  River estuaries, deltas 

Aquatic 

Marine host-associated  
Marine microbiota forming 
consortia with corals, urchins, 
sponges, etc 

Agricultural 

Soils devoted to cultivation of 
any crop. Does not include 
samples associated to roots of 
plants (Plants/Rhizosphere)  

Terrestrial Soil 

Arctic 
Frozen environments: Arctic and  
Alpine soils, Glaciers, 
Permafrost, Ice cores, etc. 



Arid Deserts, Sandy soils, Beaches 
Cave Subsurface soils, Caves, 

C

Forest 

Soils associated to any kind of 
forest. Does not include samples 
associated to roots of trees 
(Plants/Rhizosphere) 

Grassland Grasslands, grass pastures, 
moorlands, prairies, steppes 

Rocks Rocky soils, stones, volcanic 
soils, walls, wall paintings, art 

Saline Salterns, salares 
Other Other or undescribed soil types 

Soil-Saline waters 
interfase  Salt marshes, mangroves 

Soil-Freshwaters 
interfase  Swamps, marshes, wetlands, 

peat bogs 

Rhizosphere Samples associated to roots of 
plants or trees 

Plants 
Other 

Samples associated to other 
parts of the plant (leaves, seeds, 
tree trunks, etc), including 
remnants of vegetal tissues 

Hydrothermal  Hydrothermal fields, chimneys, 
vents Thermal 

Geothermal  Hot springs, Geysers 

Terrestrial host-
associated  

Samples from terrestrial animals. 
Does not include samples from 
humans or GI tracts of animals 

Human Samples from the digestive tract 
of humans. Includes faecal 

Cattle 
Samples from the rumen of 
sheep, goats, cows, rabbits, etc. 
Includes faecal samples 

Mouse Intestinal samples from mice. 
Includes faecal samples 

Insect Samples from the digestive tract 
of several insects, especially 

Gastrointestinal tract 

Other Samples from the digestive tract 
of other animals (fishes, birds, 

Oral  Samples from the human oral 
itVagina  Samples from the human vagina 

Host-
associated 

Other tissue  
Samples from other tissues of 
humans (skin, blood, bones, 
semen, etc) 

Aerial  Samples taken from the 
atmosphere or exhaled air. 

Oil  Oil fields, oil tanks, asphalt, tar 
it

Compost Composting process from 
organic matter 

Food treatment Elaboration and storage of foods  

Industrial 
All kinds of bioreactors, 
cultivations, industrial machines, 
industrial wastes 

Mines Samples from mines, including 
drainage waters and tailings 

Other 

Artificial 

Wastewaters 
Domestic and industrial residual 
waters, including water 
treatment plants 



Other Several other artificial samples, 
especially landfills 

Unknown   Unclassified instances 
 

Additionally, each sample can also be described by one or more of the following eight 

environmental features: polluted, anoxic, high temperature, low temperature, saline, 

alkaline, acid, and diseased (this last feature just applies for animal tissues). We have 

used a semi-automatical text-mining procedure, involving a Naïve-Bayes classifier, for 

annotating the samples in these environmental categories and features. The results were 

checked by human experts, who corrected the possible mistakes and increased the 

coverage by annotating unclassified instances. At the end of the process, 91% of all 

samples were classified in environments.  

 

Restricted samplings 
Many samplings are performed with the objective of studying the presence and/or 

abundance of particular taxa. This is achieved by using specific primers that target these 

taxa. We call “restricted” to these samplings. These studies will not detect the occurrence 

of other taxa, regardless if they are present or not. Consequently, these samples are 

valuable to check the presence of taxa in environments, but they are probably not 

appropriate to study patterns of diversity and distribution. We find it necessary to 

distinguish restricted samplings, so that the user can select them or not. The identification 

of restricted samples was done by two different procedures: 1) Looking for taxonomic 

names in the title of the article (for instance, “Molecular evidence for the presence of novel 

actinomycete lineages in a temperate forest soil”, or “Diversity and depth-specific 

distribution of SAR11 cluster rRNA genes from marine planktonic bacteria”), and 2) By 

means of the taxonomic assignment of OTUs (see below), identifying the samples 

containing sequences from just a single taxon. This procedure allowed us to identify 869 

restricted samples (25% of the total). Therefore, the value “restricted” is an aditional 

feature of some samples. 

 

Identifying OTUs 
For grouping closely related sequences into operative taxonomic units (OTUs), we have 

used cd-hit, a very effective procedure for clustering sequences. Our choice was motivated 

because the very high number of sequences in our dataset prevents the use of methods 

relying in pairwise alignments, and because cd-hit is able to work with partial sequences. 

The identity percentage used for the clustering was 97%, which is often proposed as the 



reference level that may separate different prokaryotic species. This resulted in 124.390 

different OTUs, 67% of which are composed by a single sequence.   

 
Taxonomic assignment of sequences and OTUs 
Each of the sequences was assigned to a reference taxon by using RDP classifier, which 

also provides a confidence estimate for the predictions in each taxonomic rank. We 

considered only the assignments done with more than 80% confidence. This resulted in 

predictions to different taxonomic ranks for 356.250 sequences. We also collected the 

original GenBank annotations for all sequences. Actually, few discrepancies exist between 

these two sources, although RDP assignments are usually more complete and therefore 

have been used as the main reference for the sequences. 

 

The taxonomic assignment for OTUs was done by extracting a consensus from the 

assignments of their individual sequences. We aim to find the lowest taxonomic rank in 

which a taxon dominates, having more than five sequences, or at least 25% of them. The 

OTU is then assigned to that dominant taxon.  

 
The user interface 
 
This is the main page in which you specify the queries you want to perform. The first thing 

you can see is a couple of buttons labelled "data retrieval" and "sample analysis". They 

allow switching between the two main modes of the database: Retrieving data from the 

database, or using your own sequences to look for similar instances in the database. Just 

click on the buttons to switch between modes. 

 
Data retrieval 
 
This mode is used to query the database and to obtain part of the stored information on it. 

You will notice that the page is split in two different sections: the upper part is used to 

define the query (to specify what are we looking for), while the lower part is used to define 

the output (to specify the kind of data we want to obtain)  

 

Query definition 
In this part there are four different boxes, corresponding to the main types of data 

contained in the database: sequences, OTUs, samples and environments. Each of these 

has different features that we can specify. These are: 

 



• Sequences 

-ID: Database identifier for each individual sequence 

-Taxon: Taxonomic assignment for the sequences (either on GenBank or produced by 

RDP classifier) 

-Minimum length of the sequences 

 

• OTUs 

-ID: Database identifier for each individual OTU 

-Identity: Minimum percentage of identity to cluster sequences into OTUs, that is, the 

identity percentage at which the OTUs are defined. 

-Closest identified species: The closest match to an annotated species in GenBank 

database 

-Taxon: Taxonomic assignment for the OTUs, extracted as the consensus of the 

assignments of its individual sequences. 

-Minimum number of sequences: The minimum number of individual sequences clustered 

into the OTU. This option allows excluding rare OTUs (these with a very low number of 

sequences and therefore rarely observed) 

 

• Samples 

-Sample identifier: Database identifier for each individual sample 

-Title contains: Words in the title of the sampling experiment 

-Date: Date of inclusion in GenBank 

-Minimum number of sequences: The number of sequences sampled. This allows 

excluding small samples 

 

• Environments 

-Supertype, type and subtype: These boxes allow specifying the desired environment, in 

each of the three nested levels of the environmental classification. 

-Environmental features: These checkboxes allows to specify one of the several 

environmental features in the database (polluted, diseased, anoxic, thermal, cold, saline, 

alkaline, acid or restricted) 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The query is built by specifying one or more of these inputs. For instance, selecting 

"proteobacteria" as taxon for OTUs, and "geothermal" for environment type, we will 

retrieve information only about the OTUs belonging to the phylum proteobacteria that have 

been found in geothermal locations. We can also leave blank all the inputs, and then we 

will perform the query and retrieve information from all the entries in the database. 

 

Output definition 
The lower part of the page is used to specify the information we want to retrieve from the 

database. We must select the fields to be displayed in the output as an answer to our 

query. This part is divided also in four boxes, indicating several features that can be output 

for sequences, OTUs, samples and environments. 

 

• Sequences 



-ID: Database identifier for each individual sequence 

-Sequence: Nucleotide sequences 

-Length: Length of the sequences 

-Taxonomy: Taxonomic assignment for the sequences, either the full assignment or the 

specified taxonomic level. 

 

• OTUs 

-ID: Database identifier for each individual OTU 

-Identity percentage. 

-Number of sequences: Number of individual sequences in each OTU 

-Closest identified species: The closest match to an annotated species in GenBank 

database 

-Taxon: Taxonomic assignment for the OTUs, either the full assignment or the specified 

taxonomic level. 

 

• Samples 

-Sample ID: Database identifier for each individual sample 

-Title: The original title describing the sampling experiment  

-Full reference: The complete reference describing the sampling experiment (title, authors, 

journal, and PMID, if any) 

-PMID: The PubMed IDentifier associated to the article describing the sampling 

experiment. 

-Date: Date of inclusion in GenBank 

-Number of sequences: The number of sequences in the sample 

 

• Environments 

-Supertype, type and subtype: Description of the environment in the three nested levels of 

the environmental classification. 

-Environmental features: Environmental features in the database (polluted, diseased, 

anoxic, thermal, cold, saline, alkaline, acid or restricted) 

 

We can check any of these options to specify the desired output of our query.  

 

Output result 
Finally, to run and perform the query, we just need to click on the submit button at the 



bottom of the page. The database includes a system of query checking that can alert of 

possible errors in the query (For instance, not valid identifiers or absent taxa). In this case 

we will see a message of "query error" at the top of the page. If the query is correct, a 

message "Input OK, processing query" will appear, and the results will pop up shortly. 

Response times depend on several factors: the complexity of the query, the current load of 

the web server, or the capacity of the internet connection between the server and the 

client. 

The output is retrieved as a table of results with the specified fields. Each of the fields can 

be alphabetically sorted (ascending or descending) using the arrows in the header of each 

column. The results can also be retrieved as plain text, in order to be able to save them to 

a file easily. This is done via the link "Results as plain text" in the top of the results page. 



Example queries 
We will illustrate the use of the data retrieval with several examples. 

 

-Obtaining all the samples in the database, and their associated environments: In 

this case we do not want to restrict the query by any criteria, therefore we do not specify 

anything in the query definition. As output, we choose to retrieve the identifier and title for 

the samples, and the three corresponding levels of the environment classification: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The result is the following: 

 

 

 

 

 

 

 

 

 

 



-Obtaining all the taxa in the database: As above, we do not want to restrict the query 

by any criteria, and again we do not specify anything in the query definition. As output, we 

choose to retrieve just the taxonomy for the OTUs.  

 

The results provide a list of the unique taxa present in the database, according to both 

GenBank and RDP classifier: 

 



-Obtaining all the samples in which a particular taxon has been found: In this case 

we construct the query indicating that the OTUs must belong to the desired taxon 

(Roseobacter, in this example), and choose to retrieve the identifier and title of the 

samples, and their associated environments: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The result is the set of samples in which OTUs for the Roseobacter taxon have been 

found. We can notice that, in this case,  the samples are mainly from marine 

environments: 

 

 

 

 

 

 

 

 
 
 
 
 
 

 



-Obtaining the OTUs from  a particular taxon found in samples with particular 
environmental features: In this example we are interested in retrieving all the OTUs from 

the phylum α-proteobacteria  that have been found in samples from polluted sources. We 

build the query asking for OTUs belonging to "Alphaproteobacteria" taxon, and checking 

checkbox "polluted" as environmental feature. We choose to retrieve the full taxonomy for 

each OTU, along with their sample id, sample title and environmental classification: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Notice that more than one OTU can belong to the same sample, since they correspond to 

different taxa.   

 

 

 

 

 

 
 
 
 
 
 
 
 



-Obtaining nucleotide sequences: For retrieving the nucleotide sequences of a particular 

sample, we restrict the query to the given sample identifier, and choose to retrieve the 

nucleotide sequences and the full taxonomy of each entry. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The results show all the nucleotide sequences from that sample, along with their 

taxonomic assignments.  

 

 

 
 
 
 

 

 

 

 

 

 

 

 

 



This result can be downloaded as plain text for subsequent analyses: 

 

 



Predefined queries 
In order to facilitate the most frequent questions, envDB implements several predefined 

queries aimed to facilitate the query building procedure. These simple queries are 

accesible at the right part of the web page. By clicking on any of them, the user is 

prompted to input information only on the relevant fields for the query, which are displayed 

in yellow. The fields to display in the output are automatically set up, altought the user can 

change them if appropriate. The use of these predefined queries can also help to 

understand the different kind of queries that can be created. We will illustrate their usage 

by two simple examples. 

 
-Samples containing word 'X': By clicking in this predefined query, we will scan the 

database for samples whose title contains a given word. The only input needed is the word 

to look for, and therefore that field is shadowed in yellow. The output is set up to show the 

identity, title and full reference of the samples. 

 

 

 

 

 

 

 

 

 

 

 

 

The result of looking for the word "Mediterranean" is displayed below: 

 

 

 

 

 

 

 

 



-Get all samples and environments where the taxon X has been found: This 

predefined query directs the user to fill the field "taxon" for the OTUs to look for. The 

output shows the sample identifier, sample title and corresponding environments where 

any OTU belonging to that taxon has been found 

 

 

 

 

 

 

 

 

 

 

 

 

 

Here is the result of looking for the genus Frankia: 

 

 

 



Sample analysis 
This mode is aimed to interrogate the database about a set of sequences input by the 

user. Two different searches can be performed on these: 

 

-Look for the most similar sequences in the database 

-Or, assuming that the set of sequences provided by the user constitute a sample, look for 

similar samples in the database. 

 

Both searches are performed via a Blastn similarity search against all the sequences 

deposited in the database. For searching similar samples, an additional step is needed 

that involves generating a vector of the closest OTUs found in the input sequences (using 

the results of the Blastn search),  and comparing it with the profiles for each of the 

samples, by calculating their correlation coefficient. The results show the closest samples, 

their environmental information, and indicate also the shared and not shared OTUs 

between the query and retrieved samples. In this way, the user can identify the origin of 

the most similar samples to the one provided. 

 

The user can input the sequences via copy & paste into the text box provided, or upload a 

file containing the sequences. The sequences must be in FASTA format, and a maximum 

of 100 sequences are allowed. The user can also specify a minimum identity percentage 

and/or a minimum e-value to filter the result of the similarity search.  

An example of an analysis looking for similar samples is shown below: 

 

 

 

 

 

 

 

 

 

 

 

 

 



After pressing the "submit" button, if the query is OK (which means properly formatted), 

you will see the message "Input OK, running Blast" on top of the page. A counter is also 

automatically updated showing the progress of the analysis.  

 

Here we show an example of the result of searching for close samples with a set of user 

provides sequences. The output includes information of the number of OTUs present only 

in the user sample, only in the close envDB sample, and common in both. 

 

 

 

 
 
 
 
 
 
 
 
 



Citation 
 

To cite envDB, use the following reference: 

 

Pignatelli M., Moya A., Tamames J. EnvDB, a database for describing the environmental 

distribution of prokaryotic taxa. Submitted to Env Microbiol Reports. 

 

EnvDB is available in the URL http://metagenomics.uv.es/envDB 

 

Contact 
 

Please feel free to contact you with any question or suggestion regarding the database 

 

Miguel Pignatelli: miguel.pignatelli@uv.es 

Javier Tamames: javier.tamames@uv.es 

 
 
 
Javier Tamames, Miguel Pignatelli, January 2009 
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