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Summary

The Micro B3 Information System hasnmunity service components focugg on interope-
rability, visualization, and user interfaceéSomesoftware components build the technical
infrastructure such as Chon CMS and related components for information sedurdy.are

the basisfor other commuity servicescomponents and toolssuch as PubMap and
Metagenomic Trait Analysi§he former is a toolor crowd-sourcing geaeferenced scien

tific literature and the latterfor metagenomic analysis and visualization of complexaggo

cal traits.ProXis an example for webased visualization to ease the comprehension of high
dimensional largescale data sets such as networks resulting from metagenomic analysis.
Furthermore, components like the MexMapWidget not only enhance user interfaces to
maps of hgh-dimensional data, but are also modularized on the client site such that it can
be embedded in any thirparty webpage Behind each web page are web services for the
exchange of data between MBS and related resources in various commonly used data
formats which let other systems operate with the Micro-E3
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Introduction

From the very beginning starting with requirements gathering and first functional
specifcation it became apparent that the Micro B3 Information System (MicraBhago
have a web based distributable, datantric, modular, and extensible architectureand
needs tobe based on existing standards and software

There isalreadya plethora ofweb basedframeworks 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 datacentric architectureswhich are allowing datagathering and
deliveryin other waysthan HTTP and HTML basédd none of them support distriburtg

the system across several hosts. Whereas many existing web based frameworks allow
developing such systems from satch using their lowevel application programming
interfaces, theyhave non-standardways of being extensible and only poorly support a
modular design.

Therefore,the major architectural decision was to use the OSGi standarthe basis for
developing man parts of the Micro B3S. OSGi is an industry standard for developing
modular applications that can be used in a diverse range of environments from small
embedded systems to larggcale distributed systemdt is nonrestrictive andstill allows
usinga combination of several frameworksvhereas existing frameworks would exclude the
possibility to still use thirgbarty frameworks.

Utilizing OSGi allows to develop the MicroIB3as 3rierweb applicationbased on modular
OSGi serviceas shown irFFigurel. 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 sexad other components have been developed which focus on
interoperability, visualization, and user interfacesll these components are summarized
here as community services.
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WebService client HTML client (Browser)

Web Services Web Application

OSGi services

Database

Figurel: Three layer architecture of the Micro B3 Infmation System.

Chon CMS

Chon CMS is an OiSkased platform fordata-centric web application development. By
default ithasplugins forsimpleweb page content management. The content management is
based onthe Java Content Repository standa@ontent isorganised adrees 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 IHirMa web
browser (ge Figure2).
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Web Designes have an easy access to all system variables and content properties. Each

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

changed without modifying content data.

Utilizing theOSGistandard for developing Chon CNp&igins, the systenis a robust basis
base for inplementing any kind of WCM feature e.g. fomutomated templates access

control, workflow management, collaborationlelegation, document management among

others.More documentationis available ilChonCMSquide

Web Services

Web services are services mainly used
communicationConsequently, numerous web services were developelddrcontext of the

Micro B3IS.

for interoperable machioaenachine

Several new services were developed by existing infrastructures like European Nucleotide
Archive, SeaDataNet, EurOBIS wmie alreadydescribedm several deliverables

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

and are hosted on megx.neit(p://mb3is.megx.ne). Theseare implementedfollowing the

RESTful architectal style[1], [2], [3].
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Information Security

Although most web services and web sites can be used without authentication and
authorisation, there are few caseghere 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 seebices Technical
details are documented in theppendix"Micro B3IS Web Platform Security”

Authentication

One major use case requiring authentication is the upload of data from the OSD Smartphone
App. Herethe user first needs to register either a new accountlogin via K S dza SNR &
Facebook andTwitter account(see Figure3). Once an account is registered the usam

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

Login with your Megx credentials:

2
"

You can also

$ Connect with Facebook

You don't have an account yet?

Create it here

Figure3: Screenshot of the login/register web site of megx.net (new layout mtblically availableyet).

Authorisation

MB3-ISimplements aclassical role based access confRBAC) nehanism. For web pages it
means that knowing who the user {after an authentication procedure,see abovg the
access to certain pages can be completely deniedeorain functions or content of a web
pageisonly enabled if the user has the right role. For example access to the Q& page
for editing web content oline e.g.
http://mb3is.megx.net/admin/content.edit.do?path=/wwvis only allowed to users with the
NREEfS WFERYAYQ® Ly O & $e ieduést wiltdeSrddirektédyictilogin dzi K Sy
page [http://mb3is.megx.net/logir). If the user is authenticated but does not have the
LISNXYA&daAzy o0SOlFdzaS 2F y24d o0SAy3a YSYOSNI 2F
denied messageOtherwise theuser get access to the page as shown kigure 4. In

6
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Addition Figure5 shows a screenshot of a MB3{ 6S06 LI 3S HKSNBE GKS
authenticated and therefore link to directly edit the content ahe page is shown on the
top-left of the page.

Welcome megx Logout

Chon CMS ; ; Site Home

Administration

# Home (Browse Content) A Create | Edit Cotent #~ Extensions / Config

Edit Home Page

Location:
Link:
Title: Micro B3 Information Sy

Intro Text:

Site Description: Welcome to megx.net as part of the Micro B3 Information System

HTML MNode: | |E] [ Clear ]
Node to redirect home page

Figure4: ChorCMSweb content edit page. Only users with role ‘admin’ are authorized to access this web
page.

Only shown if authorized user with admin role
Edit this node megx| -
X ‘ Last Login: Jul 14,2015
marine ecological enomics

home OSD ‘tools browse edutainment portal contact

Figure5: Special contentis only shown if wser is authorized. Herethe user 'megx' is in role admin and
therefore a linkis displayedon the top-left to edit the content of this page.

Oauth 1.0a for authorization of web services

Theabovedescribedauthentication and authorisation mechanism doest fully work in the
context of web services for the machifie-machinecommunication because they require a
human to perform the login in order to access restricted pag€kerefore MB3S
implements OAuthl.0a. It imaopen protocol allowng secure authazation in a simple and
standard method from web, mobile and desktop applicatioRise end user's information is
securely transferred without revealing the identity of the usém. recent yearsOAuth
became the ddacto standard in the Internet industrynd is supported by all major Internet
companies like Goggle, Twitter, and Facebook among otfiéis.waya user can then login
from the OSD App which then authorizes the app to upload OSD data to the OSD Registry
a securedveb service.
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PubMap

The Wold Map of Publications (PubMap) system was developed to crowdsource the
creation of a georeferenced bibliograplisee Figure6). Thisincludes locations worldwide
andit is not limited to certain journals or fields of study. PubMaastwo 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 publicatgimould be annotated dependyon 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 gt 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 availal@dad can be retrieved by everyone. PubMap is
based on Chon CMS and hemuegrated in the Micro B&hformation System (Micro BES).

PupMap System

User

" y I Geographic Location Scientific Publications
Geo-referenced Publications grap

PubMap PubMap
Browser Curator
Web Application Bookmarklet

megxe

MegDB

Figure6: The user reads a scientific publication and searches for the geographic locationeosémpling
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 sehrfor 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 prograded in JavaScript which is
saved in the bookmark section of a web browser such as Firefox or ChitimePMC
bookmarklet will be madeavailable athttp://mb3is.megx.net/pubmap/curation and is
installed by dragging and dropping it into the bookmark bar of the browsegure7). When

PMC is startedthe user needs to first log in via a megxQdacebook or Twitter account.
Currently, automatic retrieval of article metadatanly works on abstract sites of NCBI's
PubMed library. The user can choose three different options for the-rgBwenced
annotation. He can either 1. enter the latitude and longitude in decimal degrees or 2. in
degrees, minutes and seconds. To avoid mistaisers 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 userckl 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 BB (seeFigure8). 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 aboutd3seconds. To ensure consiste@ming @
locations another web servidakes the entered information and searches, eitlvéth the

given geographic coordinates for a place name with the GeoName web service "search”
(http://www.geonames.org/export/geonamesearch.htm), or uses the place name to
retrieve thegeographic coordinates from the GeoNames web service "extendedFindNearby"
(http://www.geonames.org/export/webservices.html#extendedFindNeanbfsee Figure 9).

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

a publicationwas alreadygeoreferencedbeforehand;a message appears and informs the
user. It also displays the geographic coordinates and the piaree 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 sanke it.

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

9
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PubMap Curator

How it works

1. Drag the "PubMap Curator" button to your Bookmarks Bar

Can't see your Bzolevacks Sar?

T

€« C' | [ www.ncbi.nlm.nih.gov

—
PubMap Curator

2.Fnd an aricle

Search forartcle on the 2 PubhMed - |

i)
i

3. Click the "PubMap Curator" bookmark
Click the"PubMap Curato too<mark you just created, and the artde detals will display on the sight hand side of the gage

' T2 Amicrofsdi system For stu x‘ -

« C [ www.nebi.nlm.nih.gov,
] WC\l&uj
e

)

4. Review the getails and Save

fthe dewilz look ok plesse nextinzent the Geographiclocaton of the study 2ide than click the "Save bumtan

A microtiuidic system for studying the
behavior of zebrafish larvae under acute
hypoxia.

Erickstad M, Halo LA Chidasani SH_ Groisman A

Figure7: 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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Figure8: Screenshots of the PubMap Curator bookmarkletthivthe 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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Web Service

Place Name
Coordinates
Place Name
Coordinates

Coordinates PubMap . Place Name
Curator - Publication

Bookmarklet

Yy

Publication

megxe

MegDB

Figure9: 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 esders a place hame 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.

PubMapBrowser

ThePubMap Browsewill be made available dittp://mb3is.megx.net/pubmapl/list. It is a

web application giving users the possibility to search for scientific publications which study
specific geographic locams €ee Figure 10). It contains a world map showing all
georeferenced publications stored in the database at that point of time. The publications are
visualized asoloureddots on the world map according to the geographic coongites the
publications are annotated withon the location where the study took place or the study
material was coming from. The world map is dynamically creasig the Genes Mapserver
component Underneath the world map all georeferenced publications eepresented in
form of a table. The table shows the title, authors, journal, publication date, world region
and place name fothe publication, as well as direct link to the NCBI PubMed abstract
website. Additionally, the user has the option to use teased search on the table for e.g. a
specific location, topic or author name.

2 A beta version is availabiétpt/iwgate. poweredbyclear.com:9080/megx.net/pubmap/curation
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Figure10: PubMap Browser displaying the georeferenced publications stored in the database. The colored
dots on the world map represent publicationg.he table holds all publications and is text searchable.

Metagenomic Trait Analysis Service

The Microbial Metagenomic Traisnalyses is a set of componerits calculatinga set of
metagenomic traits describeoh Barberan et al. 2012Exploration of commuity traits as
ecological markers in microbial metagenofid$ for a large variety of publjcmicrobial
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, it
relationships can be used as habitat descriptors or indicatorartfacts during sample
processing.

As such the metagenomic trait analygjees beyond classical bioinformatiagalysisfor
metagenomes and analysiBesewithin a welldefined ecological framework based on traits
analysis.

Processing

The calculation of traits idone ina complex pipeline mostly implemented using Bash and R
scripts distributed on a compute cluster. All uéts are written into files and imported into
MegDb on successful completion.
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Figure 11: Schematicview on what trait gets computed based on a metagenome data set from a single
environmental sample.

Web services

There arecorrespnding web srvices for each metagenomic traitTheseserviceswere

developed within in the BioVeL EU Project and are well docuedeon the Biodiversity
Catalogue athttps://www.biodiversitycatalogue.org/services/64 Nevertheless, tiey are

hosted on megx.nethttp://mb3is.megx.ne) andfollow the RESTful aritbctural style ofthe

Micro B3IS.

Web Pages

Currently, a user can get list of all pralculatel traits at http://mb3is.megx.net/mg
traits/samples(Figurel12). Currently, all traits are calculatédcbm the Global Ocean Survey

(GOS) and Ocean Sampling Day 20ttagenones. The tabular viewallows a user to

download all data for offline use or interactively search for metagenomes of intddesails

of all traits for each metaznomes can then be browseslé F2f f 2gAy 3 (GKS a+A S
the most right column For examle for the metagenome OSD 3 the page
(http://mb3is.megx.net/mgtraits/sampleDetails?id=902gives details of all traits of this
metagenome including interactive charts for more compledtA G & € A1 S ¢NP R £€a ! Y
(Figurel?d).

The user can also explore the datihttp://mb3is.megx.net/mgtraits/traits-summaryfrom

the perspective of how the sapoles clusteron traits like amino acid content, codon usage,
di-nucleotide odds ratio, gene functions, and taxonofRigurel4).
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