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Summary 

The Micro B3 Information System has community services components focusing on interope-

rability, visualization, and user interfaces. Some software components build the technical 

infrastructure such as Chon CMS and related components for information security. They are 

the basis for other community services components and tools such as PubMap and 

Metagenomic Trait Analysis. The former is a tool for crowd-sourcing geo-referenced scien-

tific literature and the latter for metagenomic analysis and visualization of complex ecologi-

cal traits. ProX is an example for web-based visualization to ease the comprehension of high-

dimensional large-scale data sets such as networks resulting from metagenomic analysis. 

Furthermore, components like the MexMapWidget not only enhance user interfaces to 

maps of high-dimensional data, but are also modularized on the client site such that it can 

be embedded in any third-party web-page. Behind each web page are web services for the 

exchange of data between MB3-IS and related resources in various commonly used data 

formats which let other systems operate with the Micro B3-IS. 
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Introduction 

From the very beginning starting with requirements gathering and first functional 

specification it became apparent that the Micro B3 Information System (Micro B3-IS) has to 

have a web based distributable, data-centric, modular, and extensible architecture and 

needs to be based on existing standards and software.  

There is already a plethora of web based frameworks and content management systems 

available. All content management system focus on managing the creation, editing, and 

display of web pages. Many of which have own custom ways of being extensible. However, 

they do not support data-centric architectures which are allowing data gathering and 

delivery in other ways than HTTP and HTML based. And none of them support distributing 

the system across several hosts. Whereas many existing web based frameworks allow 

developing such systems from scratch using their low-level application programming 

interfaces, they have non-standard ways of being extensible and only poorly support a 

modular design. 

Therefore, the major architectural decision was to use the OSGi standard as the basis for 

developing main parts of the Micro B3-IS. OSGi is an industry standard for developing 

modular applications that can be used in a diverse range of environments from small 

embedded systems to large-scale distributed systems. It is non-restrictive and still allows 

using a combination of several frameworks, whereas existing frameworks would exclude the 

possibility to still use third-party frameworks. 

Utilizing OSGi allows to develop the Micro B3-IS as 3-Tier web application based on modular 

OSGi services as shown in Figure 1. This allows to not only build web applications as typically 

done by content management systems, but also web services utilizing the same base 

services as e.g. for accessing data from the underlying database. 

Based on these several other components have been developed which focus on 

interoperability, visualization, and user interfaces. All these components are summarized 

here as community services. 
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Figure 1: Three layer architecture of the Micro B3 Information System.  

Chon CMS 

Chon CMS is an OSGi based platform for data-centric web application development. By 

default it has plugins for simple web page content management. The content management is 

based on the Java Content Repository standard. Content is organised as trees and can be 

seen in simple terms as file like system.  

Chon CMS implements a specific mechanism to e.g. bind a HTTP requests to certain content 

nodes of the content tree to then assemble and render the content as HTML in a web 

browser (see Figure 2). 
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Figure 2: {ƛƳǇƭŜ ōƛƴŘƛƴƎ ƻŦ ŀ ǊŜǉǳŜǎǘ ǘƻ ŎƻƴǘŜƴǘ ƴƻŘŜ ά/ƻƴǘŀŎǘέ όƭŜŦǘύ ŀƴŘ I¢a[ ƎŜƴŜǊŀǘƛƻƴ ŦƻǊ ǿŜō ōǊƻǿǎŜǊ 

(right). Courtesy of InterWorks. 

With this concept, data (content) is separated from presentation. Administrators can create 

content that will have data only, not worrying about how that content will be presented.  

Web Designers have an easy access to all system variables and content properties. Each 

content node can have its own template for presentation. Complete look and feel can be 

changed without modifying content data. 

Utilizing the OSGi standard for developing Chon CMS plugins, the system is a robust basis 

base for implementing any kind of WCM feature e.g. for automated templates, access 

control, workflow management, collaboration, delegation, document management among 

others. More documentation is available in Chon CMS guide. 

Web Services 

Web services are services mainly used for interoperable machine-to-machine 

communication. Consequently, numerous web services were developed in the context of the 

Micro B3-IS. 

Several new services were developed by existing infrastructures like European Nucleotide 

Archive, SeaDataNet, EurOBIS and were already described in several deliverables. 

Most of the other new web services were developed in the context of Ocean Sampling Day 

and are hosted on megx.net (http://mb3is.megx.net). These are implemented following the 

RESTful architectural style [1], [2], [3].  

http://mb3is.megx.net/
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Information Security 

Although most web services and web sites can be used without authentication and 

authorisation, there are few cases where such mechanisms are required in order to achieve 

a trust relationship with the user. Standardized mechanisms were implemented for 

authentication and authorization of access to both web pages and web services. Technical 

details are documented in the Appendix "Micro B3-IS Web Platform Security". 

Authentication 

One major use case requiring authentication is the upload of data from the OSD Smartphone 

App. Here the user first needs to register either a new account or login via tƘŜ ǳǎŜǊΩǎ 

Facebook and Twitter account (see Figure 3). Once an account is registered the user can 

then login from the OSD App which then authorizes the app to upload OSD data to the OSD 

Registry web service. 

 
Figure 3: Screenshot of the login/register web site of megx.net (new layout not publically available yet). 

Authorisation 

MB3-IS implements a classical role based access control (RBAC) mechanism. For web pages it 

means that knowing who the user is (after an authentication procedure, see above), the 

access to certain pages can be completely denied or certain functions or content of a web 

page is only enabled if the user has the right role. For example access to the Chon-CMS page 

for editing web content online e.g. 

http://mb3is.megx.net/admin/content.edit.do?path=/www is only allowed to users with the 

ǊƻƭŜ ΨŀŘƳƛƴΩΦ Lƴ ŎŀǎŜ ǘƘŜ ǳǎŜǊ ƛǎƴΩǘ ŀǳǘƘŜƴǘƛŎŀǘŜŘ the request will be redirected to the login 

page (http://mb3is.megx.net/login). If the user is authenticated but does not have the 

ǇŜǊƳƛǎǎƛƻƴ ōŜŎŀǳǎŜ ƻŦ ƴƻǘ ōŜƛƴƎ ƳŜƳōŜǊ ƻŦ ǘƘŜ ǊƻƭŜ ΨŀŘƳƛƴΩΣ ǘƘŜ ǳǎŜǊ ƎŜǘǎ ŀ ǇŜǊƳƛǎǎƛƻƴ 

denied message. Otherwise the user gets access to the page as shown in Figure 4. In 

http://mb3is.megx.net/admin/content.edit.do?path=/www
http://mb3is.megx.net/login
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Addition Figure 5 shows a screenshot of a MB3-L{ ǿŜō ǇŀƎŜ ǿƘŜǊŜ ǘƘŜ ǳǎŜǊ ΨƳŜƎȄΩ ƛǎ 

authenticated and therefore a link to directly edit the content of the page is shown on the 

top-left of the page. 

 
Figure 4: Chon-CMS web content edit page. Only users with role 'admin' are authorized to access this web 

page. 

 
Figure 5: Special content is only shown if user is authorized. Here, the user 'megx' is in role admin and 

therefore a link is displayed on the top-left to edit the content of this page. 

Oauth 1.0a for authorization of web services 

The above described authentication and authorisation mechanism does not fully work in the 

context of web services for the machine-to-machine communication because they require a 

human to perform the login in order to access restricted pages. Therefore MB3-IS 

implements OAuth1.0a. It is an open protocol allowing secure authorization in a simple and 

standard method from web, mobile and desktop applications. The end user's information is 

securely transferred without revealing the identity of the user. In recent years OAuth 

became the de-facto standard in the Internet industry and is supported by all major Internet 

companies like Goggle, Twitter, and Facebook among others. This way, a user can then login 

from the OSD App which then authorizes the app to upload OSD data to the OSD Registry via 

a secured web service. 
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PubMap 

The World Map of Publications (PubMap) system was developed to crowdsource the 

creation of a georeferenced bibliography (see Figure 6). This includes locations worldwide 

and it is not limited to certain journals or fields of study. PubMap has two main components, 

the PubMap Curator (PMC) a bookmarklet for manual georeferenced annotation of 

publications and the PubMap Browser (PMB) a web application to retrieve those 

georeferenced publications. Each publication should be annotated depending on the origin 

of the study material not on the location of the university or institute at which the study was 

conducted. For example, if a publication discusses a water sample which was taken in the 

Pacific Ocean but the measurements and analyses were done at Harvard University, the 

publication should be georeferenced with the location of the Pacific Ocean and not of 

Harvard. The idea is to create a database which can be filled with information by volunteers 

and the stored information is openly available and can be retrieved by everyone. PubMap is 

based on Chon CMS and hence integrated in the Micro B3 Information System (Micro B3-IS). 

 

Figure 6: The user reads a scientific publication and searches for the geographic location of the sampling 

locality in the publication text. The user enters this information into the PubMap Curator bookmarklet. The 

data is then stored in the MegDB database. The georeferenced publication can then be retrieved via the 

PubMap Browser. The user can search for publications of a specific geographic location on a world map or 

via text search in a table. 

PubMap Curator 
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Users who want to annotate publications with geographic coordinates can use the 

bookmarklet PubMap Curator. A bookmarklet is a small program coded in JavaScript which is 

saved in the bookmark section of a web browser such as Firefox or Chrome. The PMC 

bookmarklet will be made available at http://mb3is.megx.net/pubmap/curation1 and is 

installed by dragging and dropping it into the bookmark bar of the browser (Figure 7). When 

PMC is started, the user needs to first log in via a megx.netΩǎ Facebook or Twitter account. 

Currently, automatic retrieval of article metadata only works on abstract sites of NCBI's 

PubMed library. The user can choose three different options for the geo-referenced 

annotation. He can either 1. enter the latitude and longitude in decimal degrees or 2. in 

degrees, minutes and seconds. To avoid mistakes users will get a warning if they enter 

coordinates which are out of the existing range. 3. If the geographic coordinates are 

unknown, the user can choose a country or sea name from a provided list and then manually 

enter the place name. When the user clicks on the save button the information is send to 

the server and stored in the Microbial Ecological Genomics Database (MegDB) the backbone 

of megx.net and the Micro B3-IS (see Figure 8). To keep the workload at a minimum the 

bookmarklet was designed to be used as straight forward as possible; hence, the average 

time to fill out the required information is about 30 seconds. To ensure consistent naming of 

locations another web service takes the entered information and searches, either with the 

given geographic coordinates for a place name with the GeoName web service "search" 

(http://www.geonames.org/export/geonames-search.html), or uses the place name to 

retrieve the geographic coordinates from the GeoNames web service "extendedFindNearby" 

(http://www.geonames.org/export/web-services.html#extendedFindNearby) (see Figure 9). 

All data submitted with the PMC can then be retrieved via the PubMap Browser. In the case 

a publication was already georeferenced beforehand; a message appears and informs the 

user. It also displays the geographic coordinates and the place name the publication is 

annotated with. That way the user can review whether the geographic information is 

correct. If he finds a mistake he can report it directly. If he wants to add additional 

geographic information he can fill in the fields of PMC and save it. 

                                                        
1 A beta version is available at http://iwgate.poweredbyclear.com:9080/megx.net/pubmap/curation  

http://mb3is.megx.net/pubmap/curation
http://www.geonames.org/export/geonames-search.html
http://www.geonames.org/export/web-services.html%23extendedFindNearby
http://iwgate.poweredbyclear.com:9080/megx.net/pubmap/curation
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Figure 7: The PubMap Curator website with detailed instructions on how to save the bookmarklet in the 

bookmarks bar and how to use it. 
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Figure 8: Screenshots of the PubMap Curator bookmarklet with the three different options to enter either 

geographic coordinates or a place name. 1. Shows the option to enter geographic coordinates in decimal 

degree and 2. in degrees, minutes and seconds. 3. Shows the text fields which should be filled in if the 

coordinates are unknown. 4. The message displayed after successful saving of data. 5. The message 

displayed in case the publication was already annotated including the button to report wrong annotations. 
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Figure 9: Utilization of the GeoNames web services. If the user enters the contextual data of a publication 

together with geographic coordinates into the PubMap Curator the coordinates will be send to the 

GeoNames web service and a place name will be retrieved (left). If the user enters a place name instead of 

coordinates, the place name will be send to GeoNames web service and geographic coordinates will be 

retrieved (right). Subsequently, coordinates, publication data and the place name are all saved in MegDB. 

PubMap Browser 

The PubMap Browser will be made available at http://mb3is.megx.net/pubmap/list2. It is a 

web application giving users the possibility to search for scientific publications which study 

specific geographic locations (see Figure 10). It contains a world map showing all 

georeferenced publications stored in the database at that point of time. The publications are 

visualized as coloured dots on the world mapτaccording to the geographic coordinates the 

publications are annotated withτon the location where the study took place or the study 

material was coming from. The world map is dynamically created using the Genes Mapserver 

component. Underneath the world map all georeferenced publications are represented in 

form of a table. The table shows the title, authors, journal, publication date, world region 

and place name of the publication, as well as a direct link to the NCBI PubMed abstract 

website. Additionally, the user has the option to use text based search on the table for e.g. a 

specific location, topic or author name. 

                                                        
2 A beta version is available at http://iwgate.poweredbyclear.com:9080/megx.net/pubmap/curation 

http://mb3is.megx.net/pubmap/list
http://iwgate.poweredbyclear.com:9080/megx.net/pubmap/curation
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Figure 10: PubMap Browser displaying the georeferenced publications stored in the database. The colored 

dots on the world map represent publications. The table holds all publications and is text searchable. 

Metagenomic Trait Analysis Service 

The Microbial Metagenomic Traits Analyses is a set of components for calculating a set of 

metagenomic traits described in Barberan et al. 2012 "Exploration of community traits as 

ecological markers in microbial metagenomes"[4] for a large variety of public, microbial 

metagenomes. The traits included in the statistical analyses range from GC content to 

functional diversity, and deliver a valuable set of ecological markers in order to discriminate 

between habitats, geographic locations, or temporal samples. Furthermore, inter-trait 

relationships can be used as habitat descriptors or indicators of artefacts during sample 

processing. 

As such the metagenomic trait analysis goes beyond classical bioinformatics analysis for 

metagenomes and analysis these within a well-defined ecological framework based on traits 

analysis. 

Processing 

The calculation of traits is done in a complex pipeline mostly implemented using Bash and R 

scripts distributed on a compute cluster. All results are written into files and imported into 

MegDb on successful completion. 
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Figure 11: Schematic view on what trait gets computed based on a metagenome data set from a single 

environmental sample. 

Web services 

There are corresponding web services for each metagenomic trait. These services were 

developed within in the BioVeL EU Project and are well documented on the Biodiversity 

Catalogue at https://www.biodiversitycatalogue.org/services/64. Nevertheless, they are 

hosted on megx.net (http://mb3is.megx.net) and follow the RESTful architectural style of the 

Micro B3-IS. 

Web Pages 

Currently, a user can get list of all pre-calculated traits at http://mb3is.megx.net/mg-

traits/samples (Figure 12). Currently, all traits are calculated from the Global Ocean Survey 

(GOS) and Ocean Sampling Day 2014 metagenomes. The tabular view allows a user to 

download all data for offline use or interactively search for metagenomes of interest. Details 

of all traits for each metagenomes can then be browsed ōȅ ŦƻƭƭƻǿƛƴƎ ǘƘŜ ά±ƛŜǿ ƳƻǊŜέ ƭƛƴƪ ƛƴ 

the most right column. For example for the metagenome OSD 3 the page 

(http://mb3is.megx.net/mg-traits/sampleDetails?id=902) gives details of all traits of this 

metagenome including interactive charts for more complex tǊŀƛǘǎ ƭƛƪŜ ŜΦƎΦ ά!ƳƛƴƻŀŎƛŘ ¢Ǌŀƛǘέ 

(Figure 13). 

The user can also explore the data at http://mb3is.megx.net/mg-traits/traits-summary from 

the perspective of how the samples cluster on traits like amino acid content, codon usage, 

di-nucleotide odds ratio, gene functions, and taxonomy (Figure 14). 








































































