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INTRODUCTION

SCOPE OF THE WORK

The purpose of this work is to connect and further develop data infrastructure for enhancing data
sharing and exchange for systems nutrition research in order to facilitate research and reuse of data.
This infrastructure should be scalable and sustainable over time. The work of EuroDISH, where the
needs for research infrastructures are mapped, and the inventory of WP2 have been used as a basis
for the design and the focus lied on the development of data solutions of nutrition specific data
problems. The data solution has to facilitate both data storage and analysis. The initial work was to
develop a functional and technical design, which will be based on the work of WP2, WP3 and WP4.
This functional and technical design document forms the basis for the implementation of a first version
of the data infrastructure that will be available to the systems nutrition community, which have to be
tested by all partners of WP2. The usability of the user interface will be analyzed by a user survey,
which will be filled out by all partners of WP2.The results will be shared with WP4 for further
development of the analysis tools and bugs and feature requests from these tests will be used for
further development of the infrastructure.

CONCEPT AND OBJECTIVES

OBJECTIVES, VISION INCLUDING SCIENTIFIC/ TECHNOLOGICAL CHALLENGES

The main objective of this work was to develop an infrastructure that allows the exchange of data in
the field of systems nutrition at European level. A design phase in such a development is a
fundamental step to move to the implementation of the infrastructure in such a way that different
teams can work simultaneously (using github as sharing and versioning systems for communication
and to prevent legacy problems). The main challenge was to identify the requirements of different
groups (bioinformaticians, nutritionists, clinicians) in order to capture all the relevant information
needed to capture experimental and observational studies in nutrition. From a technological
perspective, we have to integrate several existing databases that store data in different format and
that are geographically located in different countries. The challenges we faced here were the typical
ones for the development of distributed system/ federated database, which require communication
between the systems using web services (such as the Phenotype database). An additional difficulty is
that the users of the infrastructures may have a limited computing literacy so that the user interface
is the bottleneck for the adoption of the interface.
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STATE OF THE ART

Biological data is heterogeneous in terms of format, protocols of transmission and interpretation.
Providing an integrated framework to deal with the complexity of multi-level analyses is a strategic
issue from both the computational and the algorithmic design point of view.

The development and the implementation of user friendly solutions is a necessary step towards the
efficient and widespread use of these instruments. The ENPADASI services will aim to overcome
existing limitations due to hardware resources and algorithmic limitations and will make them suitable
to run in a shared environment such as the ENPADASI federation of institutions and research centres.

SCIENTIFIC/ TECHNOLOGICAL CONCEPT

The use of distributed infrastructures, such as local computing clusters or the geographically
distributed Computing Grid facilities, has been the first answer to the needs of a continuously growing
community of biological data analysts, with interesting recent developments. The next step which
naturally arises is the involvement of Cloud technologies. In fact, combination of workflow approach
and cloud computing paradigms could facilitate big data access and processing, addressing high
computation and complex storage issues coming from actual research. It is also necessary to provide
technical capabilities to federate genetic and clinical data currently stored in hospitals, research
archives and databases while guaranteeing strong protection for sensitive information. The
implementation of such ideas within a shared platform will allow the ENPADASI Project to exploit
large-scale initiatives and create data acquisition standards that could later be used by institutions and
research centres to provide a common “language” and a fruitful interaction.

POTENTIAL IMPACT

The availability of a European infrastructure for nutrition research will enhance the capacity of small
labs or purely biological labs to carry out high-impact research. It will constitute an atlas of findings in
the systems nutrition area that will be useful to improve the health system. This possibility is even
increased by the presence in the consortium of clinicians that will also help structuring the
infrastructure in such a way that it is suitable to support translational medicine. The Phenotype
database, developed by the nutritional community, is implemented in the Dutch initiative
CTMM/TralT), which focuses on medical translational research.

OVERALL STRATEGY OF THE WORK PLAN

Our first task was to consolidate the mapping work of EuroDISH and investigate the available data
resources available within and relevant to this consortium (e.g. Phenotype database,
www.metabolomexchange.org) with input from WP2. These data resources have to be integrated in
the one infrastructure of the project which is based on the FAIRport concept (see figure below) and
connected to relevant pipelines.
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Then we produced a specification of the data infrastructure based on work done earlier in the field
(e.g. Phenotype database). This has to be done in strict collaboration with the biologists (end-users)
of the consortium and comparing our development with existing infrastructure for systems biology
(e.g. SBML, OpenBEL, Combine community, etc.). The infrastructure has to connect to the ongoing
work in complementary efforts (JPI DEDIPAC, ELIXIR, etc.) and will integrate the relevant structured
data in the consortium. Moreover, we evaluated the cross-integrations with the EBI Metagenomic
portal and the activities to be carried out in the EXCELERATE project within the ELIXIR Rl framework.
For intervention studies the infrastructure will make use of the Phenotype database (www.dbnp.org),
which can store metadata on the study design (e.g. all details on the intervention that would also be
needed in a publication) and measurement data (e.g. clinical chemistry, anthropometry, etc). This
database makes use of templates and therefore will require limited adjustments depending on the
selected study cases. Observational studies, for ethical reasons (see WP5), are generally stored in local
databases; these will be made available by inclusion of an API.

Based on the specification, the interface (with sketches) of the common access point to the
infrastructure has to be designed and a survey for usability and easiness of use with end-user has to
be executed. The final goal of this task is to specify the interface that will be then implemented and
tested.

Thanks to the testing phase recommendations, the first release of the infrastructure will be updated.
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HIGH LEVEL ARCHITECTURAL OVERVIEW

INTRODUCTION

| DATA SAFE HAVENS

Table 1. Propaosed criteria for a Data Safe Haven

Data maintenance and release should be socially acceptable and

appropriate
Criterion 1

Criterion 2
Criterion 3
Criterion 4

Data should be veritable
Criterion 5
Criterion 6
Criterion 7
Criterion 8

Criterion 9

Data should be safe and secure
Criterion 10

Criterion 11

Criterion 12

Consistent with formal ethical and
legal requirements

Responsive to emerging issues

Discoverable and accessible

Transparent and accountable

Data and metadata fidelity

Quality assurance and control

Curation and archiving

Reliable availability including
backup

Effective audit

Preserve confidentiality, integrity and
availability of the repository

Appropriate secure access to
individually identifying data

Appropriate protection of
individually identifying data

Data Safe Havens

Bioinformatics, 31(20),
2015, 3241-3248
Data Safe Havens in
health research and
healthcare

Paul R. Burton,
Madeleine J. Murtagh,
Andy Boyd,

James B. Williams,
Edward 5. Dove,
Susan E. Wallace,
Anne-Marie Tasse”
Julian Little, Rex L.
Chisholm, Amadou
Gaye,

Kristian Hvee8,
Anthony J. Brooke, Pat
Goodwin, Jon Fistein,
Martin Bobrow and
Bartha M. Knoppers

,

ENPADASI INFRASTRUCTURE

There are 2 kinds of studies that have to be covered by the ENPADASI infrastructure:
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Observational studies

Intervention studies

Large studies in terms of numbers
Often linked data (pseudo-
ananymous)

Own steering bodies with many
formal rules regarding
collaboration and data sharing
BlIOShare-project

Small studies in terms of numbers
Often not linked data (ananymous)
Pl-specific rules regarding
collaboration and data sharing
NUGO-collaboration

Detailed phenotypic data per
subject

Increasing data collection over
time and sequential use of stored
biomaterials

Intervention studies are covered by the Phenotype database.
For observational studies, among a set of existing solutions, BioSHaRE was the infrastructure of choice.

Biobank Standardization and Harmonization for Research Excellence in the European Union
(BioSHaRE-EU) is a European FP7 project funded from 2010 to 2015. BioSHaRE produced tools and
methods for data harmonization and standardization, data sharing and analysis across multiple
biobanks and databases.

BioSHaRE generated three types of foreground outcome: tools, data and knowledge. Software tools
are developed for cohort studies and related databases to manage, present, catalogue, secure and
share their data, facilitating a wider use and re-use of their data. The same tools are useful for the
scientific community to explore and use the available data in an efficient and secure manner. In
addition, broadly applicable guidance and recommendations have been made for sample handling
and Ethical, legal and social implications (ELSI) of biobank research and sharing of data. A
comprehensive overview of the tools and methods is available in the BioSHaRE Catalogue of tools and
methods for data sharing. ENPADASI will use the OPAL/MICA combination from this catalogue for the
storage of observational studies, data will be stored on opal servers. MICA will be used to share
metadata. DataSHIELD will be used to analyze the data through R, as it facilitates the federated
analysis. Pseudo-anonymized data cannot be disclosed in some of the ENPADASI countries and
therefore requires a system that can work in a federated way.

The Phenotype database has been chosen for intervention studies (and/or anonymized observational
studies) as it was explicitly developed for this purpose.
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| DASH-IN INFRASTRUCTURE

Intervention studies Observational studies

Metadata MICA

interacting with
ENPADASI R client
(value-added)

dbNP connector

®atasHiELD

dataShield Rserver

Harmonization /
OPAL schemes

B completed
[l Pre-existing

a8 it //ENPADAS]

2 @ty
=N PA—D—ASI

Overview of the Dash-In infrastructure

As it has been said before, 2 different systems will be used for intervention and observation studies.
In order to be able to combine data, a dbNP connector has been developed to allow the Rserver to
analyze both Phenotype databases and OPAL databases. Analyses are done on the local instances so
that raw data are never shared therefore enabling a complete federate data analysis network.
Finally, Shinyapp will be used to give users an easy, interactive online access to DataSHIELD-based
analyses that include, among others, summarizes, plots and regression-based analyses.

SYSTEMS USED

OPAL

Opal is OBiBa's core data warehouse. This application provides all the necessary tools to import,
transform and describe data. Subject’s identifiers can also be managed at data import and export time.

10
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http://www.obiba.org/

ObiBa applications suite

ANALYSIS WITH OPAL

Thanks to its integration with R, complex statistical analysis and reports can be performed. The
implementation of the DataSHIELD process allows advanced statistical data analysis across multiple
studies without sharing and disclosing any individual-level data.

INTEGRATION OF DATA IN OPAL

Being integrated with Mica, studies using Opal can seamlessly and securely import data into web data
portals created with Mica that query Opal databases to obtain real-time aggregated reports on
subject's data. Secured REST web services are also available allowing to automate server management
(Python command line tools) or to access to data (from R or any tools that are web-capable).

OPAL’S FEATURES DATA WAREHOUSE

11
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Here are some of the main features of the Opal’s data warehouse technologies: Store data on an
unlimited number of variables, Support MongoDB (recommended) and Mysql as database software
backend, Customized variable dictionaries. Import data from CSV, SPSS and Opal XML file formats,
Incremental data importation, connect directly to multiple data source software such as SQL
databases and LimeSurvey, Store data about any type of "entity", such as subject, sample, geographic
area, etc., Store data of any type (e.g., texts, numbers, geo-localisation, images, videos, etc.),
Advanced indexing functionality using ElasticSearch.

OPAL’S VIEWS AND DERIVED VARIABLES

Opal provides the software infrastructure to create virtual tables called "views" of derived variables
that can be persisted on disk or exported into files. Main features are: Comprehensive JavaScript
library of util functions commonly used to derive new variables (e.g. unit conversion) See Magma
Javascript API. User-friendly interfaces to recode variables without programming, Instant summary
statistics computation of the new derived variables.

PRIVACY, CONFIDENTIALITY AND SECURITY

Opal provides a state-of-the-art software infrastructure for data encryption, participant identifiers
management and user authentication/authorization. Main features are: Public Key Infrastructure (PKI)
allowing Opal to manage public-private key pairs for encrypting and decrypting data, Authentication
using either certificates or username/password mechanisms, Advanced participant identifiers
manager enabling multiple identifiers per participant, Distinct and highly secure database for storing
participant identifiers, Granular permission management down to the variable level, REST web
services using HTTPS protocol.

12
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Study Database

BloBank 2
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Research Project 3
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OPAL TECHNICAL NOTES

Operations of studies involve file management and exchanges. Opal comes with its own file system to
facilitate these processes. Main features are a centralized and file management and SFTP access.

A statistical analysis module using R is available and organized in a R server monitoring from Opal,
Secured data access from R, Opal R package and DataSHIELD R packages. Imported data is indexed
with the ElasticSearch search engine allowing fast retrieval and complex querying of the data. All data
is REST-enabled allowing to access every data through an URL. Any client that can make an HTTPs
request can be a client to an Opal server. Therefore, the resources can be obtained in JSON or binary
form (Protobuf), client authentication can be done by providing a username and password or by
establishing a Two-way SSL authentication. Clients are already available in Javascript, R, Python and
Php.

13
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Data Harmonisation Across Databases

Opal

Opal is a software application to manage study data, and includes a feature
enabling-data harmonisation and data integration across studies. As such,
Opal supports the development and implementation of processing algo-
rithms.required to transform study-specific data into a common harmonised
format. Moreover, when connected to a Mica web interface, Opal allows
users to seamlessly and securely'search distributed datasets across several
Opal instances.

DESIGNED FOR
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w
>
w
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|

APPLICATIONS

READ MORE

Database owners, - Individual research studies/ biobanks and re-
search study consortiaito manage-and.present data, to harmonise

data, to give access to data i a federated database setting.

Opal development was initiated by OICR and is part of the Magl=
strom Research suite of tools. Opal development is supported by
BioSHaRE, Québec’s Ministére de I'Economie, Innovation et Ex-
portation, the Canadian Partnership Against Cancer, and the Na-
tional Institutes of Health funded Integrative Analysis of Longitu-
dinal Studies of Aging (IALSA) project.

Opal software has been used in"the BioSHaRE Healthy Obese and
Environmental determinants of .health projects to store the data
used for combined analyses, develop and implement processing
algorithms transforming study data into format, and create a fede-
rated infrastructure that allows researchers to jointly analyse har-
monised data.

o Key publication: Doiron et al. 2013
e Demo website: http://www.obiba.org/pages/products/opall.
¢ BioSHaRE deliverable 2.2 at'www.bioshare.eu

USE

STATUS AND ACCESS

CONTACT

ENPABRAST

European Nutrition Phenotype Assessment and Data Sharing Initiative

e Data storage and management

e Data harmonisation and curation
through data processing algorithms

e Data search and query in study data and
data dictionaries

e Data analysis: generate descriptive statis-
tics and produce reports

Opal is freely available for download at
www.obiba.org and is provided under the
GPL3 open source licence. All studies or
networks of studies using the Opal software
for data storage, data management or data
harmonisation must mention Opal in manu-
scripts, presentations, or other works made
public and include a web link to the Mael-
strom Research website (www.maelstrom-
research.org).

When using Opal to implement data pro-
cessing algorithms to harmonise or clean
data, basic knowledge of the JavaScript pro-
gramming language is required.

Opal is a Java-based application, so it should
run on any platform for which a Java Virtual
Machine is provided. Detailed installation
and configuration instructions are available
at www.obiba.org.

Dr. Vincent Ferretti

Ontario Institute for Cancer Research, Can-
ada

vincent.ferretti@oicr.on.ca

www.bioshare.eu Bi@SHaRE
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DATASHIELD

Taking the analysis to the data, not the data to the analysis.

HOW DOES DATASHIELD WORK?

Analysis requests are sent from a central analysis machine to several data-holding machine storing the
harmonized data to be co-analyzed. The data sets are analyzed simultaneously but in parallel, linked
by non-disclosive summary statistics. Analysis is taken to the data — not the data to the analysis.

DATASHIELD INFRASTRUCTURE

DataSHIELD is implemented entirely via free, open source software: at heart, a modified R statistical
environment linked to an Opal database deployed behind the firewall at each data-holding
organization. Analysis is initiated in a standard R environment at the analysis machine, with
communication between the analysis and data-holding machines controlled via secure web services.
The same infrastructure and approach may also be used with just one data source — this is then
referred to as “single site DataSHIELD” providing a freeware-based approach to creating a secure data
enclave.

Table 1 The Healthy Obese Project data harmonization and database federation step-by-step process

Step Description
Study recruitment and documentation Studies are recruited to participate in the HOP and their key characteristics (e.g. design,
sampling frame) are catalogued on the BioSHaRE website (www.bioshare.eu).
Harmonized variable selection and definition A set of ‘target’ variables required to answer obesity-related research questions is identified
at workshops bringing together BioSHaRE investigators.
Study variable identification and harmonization By analysing participating studies’ questionnaires, standard operating procedures, and data
potential assessment dictionaries, the potential for each study to generate this set of target variables is determined.

Study-specific variables required to generate target variables are identified

Data processing Secure servers are set-up in each study’s host institution and the subsets of data required to
generate target variables are loaded onto each of these servers, Processing algorithms transforming
study data into the target (ie. harmonized) format are developed and implemented for each
study whenever harmonization is deemed possible.

Harmonized data federation, dissemination and analysis A password protected web portal federates the servers found in the different study host institutions
across Europe and allows remote retrieval of data summaries, descriptive statistics (frequencies, min,
max, mean, standard deviation), and contingency tables. For more complex federated data analyses
(e.q. linear regressions), the DataSHIELD method [28] is employed in the R software environment [36]

Emerging Themes in Epidemiology 2013, 10:12: Data harmonization and federated analysis of population-based studies: the
BioSHaRE project

Dany Doiron1,2*, Paul Burton4, Yannick Marcon1, Amadou Gaye4, Bruce H R Wolffenbuttel5, Markus Perola6,7,Ronald P Stolk8, Luisa Foco9,

Cosetta Minellil3, Melanie Waldenberger10, Rolf Holle10, Kirsti Kvalgyl1,Hans L Hillege12, Anne-Marie Tassé2, Vincent Ferretti3t and
Isabel Fortierlt
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| DataSchema variable: Laboratory measurement of fasting glucose in mmol/L |

pd

Study 1: Some participants fasting, some
non-fasting

Processing Rationale:
Using intermediate variables (‘EAT 1’ and
‘DRINK_1’) we select only fasting
participants

JavaScript algorithm:

if (S('EAT_1").any('0","1").and(S('DRINK_1").any('0",'1")).value()) {
$('GLUC_1');

}else {

99;

}

N

N

Study 2: Plasma glucose not collected, only
glycated hemoglobin collected

A relationship between mean plasma glucose
and glycated hemoglobin (‘HBA1C'), adapted to
the HOP, is used:

v

Processing Rationale:

Fasting Glucose = (1.221 * HbA1c) - 1.797)

JavaScript algorithm:
var INT_HBA1C = $('HBA1C").multiply(1.221).minus(1.797);
if (INT_HBA1C.le(0).value()) {

99;
}else {

INT_HBA1C;

}

'

| Harmonized variable: Laboratory measurement of fasting glucose in mmol/L

Variable names legend:

‘EAT_1' = participants last meal
‘DRINK_1‘ = participant's last drink
‘GLUC_1* = Blood Glucose (mmol/l)

Figure 1 Example of data processing to obtain a common format: deriving the harmonized Fasting Glucose DataSchema variable for

two studies.

Variable names legend:
‘HBA1C’ = Glycated hemoglobin (%)

Emerging Themes in Epidemiology 2013, 10:12: Data harmonization and federated analysis of population-based studies: the
BioSHaRE project

Dany Doiron1,2*, Paul Burton4, Yannick Marcon1, Amadou Gaye4, Bruce H R Wolffenbuttel5, Markus Perola6,7,Ronald P Stolk8, Luisa Foco9,

Cosetta Minellil3, Melanie Waldenberger10, Rolf Holle10, Kirsti Kvalgyl1,Hans L Hillege12, Anne-Marie Tassé2, Vincent Ferretti3t and
Isabel Fortierlt
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Data Analysis Across Databases

Da.taSH I ELD § Applied to a single site
eCreate a “secure data enclave” in which
Data Aggregation Through Anonymous Summary-statistics from Harmonised Indi- data can be analysed but not seen, to col-
vidual-levEL Databases laborate in consortium-based analyses
without revealing source data.
eProvide a “secure data enclave” to hold
potentially sensitive data, created using
record linkage, thereby making them ac-
cessible for secondary analysis.
DataSHIELD was born of the requirement in the biomedical and social sci- eProvide a post-publication platform that
ences to co-analyse individual patient data (micro data) from different sour- enables the data underpinning all of the
ces, without disclosing identity or sensitive information. Under DataSHIELD, analyses in a paper to be made publically
raw data never leave the data provider and no micro data or disclosive in- available for extended analysis (including
formation can be seen by the researcher. The analysis is taken to the data — confirmation) without data being released
not ‘the data to the analysis. It provides a flexible, modular, open-source into the public domain.
solution ideally placed to serve a broad user and development community #Provide a publically accessible web-portal
and to circumvent barriers related to ethical-legal restrictions, intellectual that enables researchers to undertake
property and “physical size of the data as.alimiting factor. simple preliminary univariate and bivariate
analysis of data before application for full
access to those data.
Applied to multiple sites
® Co-analysis of individual-level data or study
level meta-analysis from multiple studies
-4
(0]
; o Database owners - biobanks, othen&tudies: to allow analyses of @ | Al DataSHIELD packages are open source
% individual level data while respécting ethical, legal and IP issues, W and in beta-testing. New packages, method-
U] » Researchers - consortia: tg'share and analyse data in a consor- 8 ology and functions are also under develop-
“ tium-or between multiplé studies‘without actual data‘pooling. < | ment and will be tested and released into
[a) % packages in due course.
<
7]
D  Full information and access to DataSHIELD
: is available at http://www.datashield.ac.uk
=  including access to the DataSHIELD wiki
(%)

(http://www.datashield.ac.uk/wiki) that con-
tains all technical documentation and tutori-

als to install and use DataSHIELD.

The following partners are involved in the ongoing development
of DataSHIELD:

BioSHaRE partners UB (Data to Knowledge Research Group),
OICR (including Obiba), McGill (including Maelstrom Research), DataSHIELD Client Software:
NIPH, UMCG, ULEIC and external partner Eindhoven University
of Technology, Netherlands.

>
-]
(=]
w
o.
o
-l
w
>
w
(a]

e Runs in linux, Mac and Windows

® Requires R and/or R Studio and the
DataSHIELD client packages

® Requires basic knowledge of epidemio-
DataSHIELD is used for secure data analyses in BioSHaRE within logical analyses / medical statistics meth-
the Healthy Obese Project and Environmental determinants of odology

health projects. DataSHIELD will be used.in InterConnect and

Y : e Requires experience analysing data in R
other recently initiated projects. 9 P ysing

APPLICATIONS

Professor Paul Burton

University of Bristol, UK

Publicati d informati thttp:/ .datashield.ac.uk
® Fublications and Information a p www.datashield.ac.u Paul.Burton@bristol.ac.uk

CONTACT

e Key publications: Gaye et al, 2014; Jones et al, 2012; Jones et al,
2013
e BioSHaRE Deliverable 3.2 at www.bioshare.eu

READ MORE

www.bioshare.eu Bi@SHaRE
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PHENOTYPE DATABASE

The (Nutritional) Phenotype database (www.dbnp.org) was an initiative of NuGO (NutriGenomics
Organization) and NMC (Netherlands Metabolomics Centre), and was launched in 2007 and is a fully
open source system under the apache license.

The application is developed to store nutritional intervention studies with complex design (including
cross-over) and is meant to facilitate standardized data output and study comparisons. The system is
accessible via a web interface and is built in the framework Grails and data are stored in a PostGreSQL
database.

Data can be uploaded via a wizard in a web browser or can be uploaded from txt or excel files.
Flexibility of the system is guaranteed in the system by templates. The templates make it possible to
adjust the information that can be stored by adding additional fields to the database via the user
interface (if the user is template administrator). The type of the field can be defined by the template
administrator, making it possible to store information in text format, dates, via dropdowns or as
ontology term from Bioportal.

The system is secured with an authentication/authorization system. Only if you have a user account,
you can include data. The person including data in the system (data owner) can give access to the data
to others and can open the data to the world (e.g. upon publication). The Phenotype database is built
in a modular way (e.g. a study design, metabolomics module; all modules are connected via REST
APIs), making it possible to link the data and design in the system to data in other databases (e.g.
ArrayExpress or other instances of the Phenotype database) and has been tested to work on a cloud
solution.

The Phenotype Database facilitates sharing of data within a research group or consortium, as the study
owner can decide who can view or access the data. In addition, the Phenotype Database can stimulate
collaborations by making study information and data publicly visible. New studies can be based on
study data within the database, as standardized storage is stimulated by the system. Upon publication
of the data, studies can be made publicly accessible (under these license terms).

Analysis can be performed via a API link to R, but also clients for PhP, python and Grails are available.

TNO was in the lead for the functional requirements and responsible for steering the development
work. The system has now been fully operational for 2 years (at four different locations). One of the
instances is publicly available (studies.dbnp.org), on which daily and weekly back-ups are made. The
database currently includes 99 biological studies, mostly nutritional intervention studies. The system
is connected to other databases containing metabolomics data on www.metabolomexchange.org and

is also used in the biomedical research area (CTMM/TralT).

INTERACTIONS BETWEEN THE SYSTEMS
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Intervention studies Observational studies

Metadata MICA

interacting with
) ENPADASI R client
(value-added)

®atasHieLD
dataShield Rserver

Harmonization /
OPAL schemes

B completed
[ Pre-existing

70 /ENPADAS]

L]

= i1
ENPARAS]

DATASHIELD RSERVER

Used for the interaction between an R statistical environment and Opal, the R module allows pushing
data from Opal into an R environment and back. It can also execute arbitrary R code within these
environments.

Opal interacts with an R server through Rserve's protocol. This allows the R Server to be on a different
machine than the Opal server. It also allows maintaining R separately from Opal.

Built "on top" of the R module, the DataSHIELD module provides a constrained and customizable
access to the R environment. Specifically, this module allows pushing data from Opal into R, but does
not allow reading this data unless it has first been "aggregated".

The term "aggregated" here means that the data in R must go through a method that will summarize
individual-level data into another form that removes the original individual-level data. For example,
obtaining the length of a vector, obtaining the summary statistics of a vector (min, max, mean, etc.)
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It is these methods that are customizable. That is, administrators of the Opal server can add, remove,
modify and create completely custom "aggregating" methods that are provided to DataSHIELD clients.

DBNP CONNECTOR

The value-added leveraged by the WP3-designed ENPADASI Research Infrastructure comes from the
federated integration of the datasets stored either on OPAL or dbNP. A dbNP connector, running solely
on the same machine that hosts both data servers, securely enable dbNP-stored data to enter a
DATAShield federated analysis. Selected data fields from dbNP can become part of a wider
geographical analysis comprising data safely stored on several local OPAL and dbNP servers. Intrinsic
security of dbNP and OPAL datasets integration is achieved by constraining such intercourse only
between databases that are running on the same machine therefore ensuring that no single bit ever
leaves the same physical hardware.

API
~ ~ - Study metadata DBNP connector
6\ thlﬂ?t'}f[—)f v | Subject metadatal AP
daldbase | Design metadata

- Sample metadata

- Assay metadata

- Feature (parameter) metadata
Platform metadata

ENPABRAST Server node

API FAIRport comp

DBNP & OPAL are on the same
server ensuring confidentiality and
privacy in the data transfer

Secure Bioscience Collaboration

Phenotype database has multiple data-levels, the subject metadata and
measurements will be combined into a single data table prior to be imported
into Opal.

The Phenotype Database API client will be used to trigger the import of
Phenotype Database datasets into Opal. Phenotype Database and Opal will
be installed on the same server so the data will always stay locally.
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» ## client-side installation
install.packages('opaladmin®, repos="http://cran.obiba.org’, dependencies=TRUE)
install.packages('dsBaseClient’, repos=c(getOption('repos'), "http://cran.obiba.org"), dependencies=TRUE)

install.packages('dsModellingClient’, repos=c(getOption('repos'), "http://cran.obiba.org'), dependencies=TRUE)
install.packages('dsStatsClient’, repos=c(getOption('repos'), "http://cran.obiba.org’), dependencies=TRUE)
install.packages('dsGraphicsClient”, repos=c(getOption('repos’'), 'http://cran.obiba.org’), dependencies=TRuE}|

In case a running R environment is already installed and running, within an active R session the
installation of the DataShield client (the piece of software that enables to access the data and run the
analysis) is performed in a console environment issuing the commands listed above.

> # load libraries
library(opal)
library(dsBaseClient)
library(dsStatsClient)
library(dsGraphicsClient)
library(dsModellingClient)

# load the login file
my_login<-read.table(’../logins.txt", sep="", header=TRUE)

# log in to the remote servers
opals <- datashield.login(logins=my_login, assign=TRUE, symbol = 'D"'}

# onalyse the outcome variable DIS_DIAB (diabetes status)
# and the covariates PM_EMI_CONTINUOUS (continuous BMI), LAE_HDL (HDL cholesterol)
# and GENDER (gender), with an interaction between the latter two.

ds.glm{ formula=D$DIS_DIAB ~ D$PM_BMI_CONTINUOUS + DSLAB_HDL * D$GENDER, family="binomial')

To run a federated analysis it is required to enter a set of commands. The bare minimum set of
commands are presented in the first screen while the second screen shows the results. The type of
analysis involves a Generalized Linear Model regression using the binomial link function.

Using a standard R installation it is thus possible to install and use appropriate R packages to run
textual-based analyses as in the following figure. This analysis requires technical and analytical
expertise, which unfortunately it might not be the most accessible way to enable a wide audience of
researchers to explore research questions in nutrition.

THE DASH-IN INTERACTIVE FEDERATED ANALYSIS SYSTEM

The Dash-in Web based federated analyses is an innovative research tool allowing to design, execute
and asses analytical results from federated analyses of datasets stored on OPAL servers or both OPAL
and Phenotype Databases. The easy to use DASH-IN interactive analytical system can be accessed from
https://dashin.cosbi.eu providing an authentication credential (Figure 1) that can be requested simply

sending an email to lombardo@cosbi.eu .
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Project-wide shared credentials — already used for the survey — can be found at
https://dashin.cosbi.eu/data/survey/supportinginformation.html .

& & | @ Secure https://dashin.cosbi.eu ¥

THE DASH-IN INTERACTIVE FEDERATED ANALYSIS SYSTEM

DATA SHARING INITIATIVE

Username or E-mail

Password

: Remember Me m

Lost Password

© 2015-2017 COSBI

Figure 1: Secured login access to the interactive federated anaylsis system.

After logon, the list of own data servers is presented. Every user has her/his own list of data servers
and credentials which are encrypted and accessible only by the logged in user. The list of servers
include all OPAL servers for which the user has her/his own credential but also for those DASH-IN-
enabled sites where the ENPADASI-connector has been installed and therefore is linking data from an
associated Phenotype Database (Figure 2). The user credentials for those systems can be safely stored
in the profile enabling to run federated analyses of any data accessible with those credentials.

22


https://dashin.cosbi.eu/data/survey/supportinginformation.html

\ar1 & HRA |
2w @ By ENPABASI

JOINT PROGRAMMING INITIATIVE — A HEALTHY DIET FOR A HEALTHY LIFE EUROPEAN NUTRITION PHENOTYPE ASSESSMENT AND DATA SHARING INITIATIVE

European Nutrition Phenotype Assessment and Data Sharing Initiative

— THE DASH-IN INTERACTIVE FEDERATED ANALYSIS SYSTEM

ey DATA SHARING INITIATIVE

OPAL and Phenotype Database data servers available for my analyses

Dash-in server Test

Server Name: Test Server URL:  hitps.// hee—

Server URL:  hitps./ /e User Name: fest

User Name: survey Password: @
Password: - @ SKey: @

Certificate:  No file available

Private Key: No file available
REMOVE DASH-IN

Figure 2: The data server page lists all servers for which the user has an access credential. Therefore, multiple OPAL credentials can be safely
stored along with associated Phenotype Database ones.

SEARCHING STUDIES RELEVANT FOR A RESEARCH QUESTION

As the DASH-IN infrastructure developed by WP3 is growing in number of studies and storage sites
across Europe, the need for a specific metadata search tool has arisen to allow finding studies whose
characteristics best match the user’s research questions. The metadata search tool is presented to the
user as a simple search-box available at a central DASH-IN portal. The central portal interacts with 2
families of servers spread across Europe:

a) a number of independent Phenotype Databases (DBNP, for intervention and observational
studies). Studies from different instances of DBNP can be found by a “search” access
credential setup for each DBNP server. Metadata for public studies are accessible even
without credentials. Appropriate users can search account-protected studies. Studies data
cannot be accessed by the search tool itself.

b) a central Mica server which contain metadata information referring to studies stored on
multiple Opal servers (for observational studies). Studies from the central MICA are found by
providing a MICA credential. Only studies-related metadata are stored on MICA server and
not the data itself. Therefore, studies cannot be accessed from the search tool.

The central search box (Figure 4) will allow to search user-provided query terms contained both in
the Mica server (acting a central metadata point for OPAL servers) and in each independent DBNP,
which have no centralized concept. Data-uploaders/ data-curators can annotate their studies with the
metadata terms for each of the studies in the respective DB system (either DBNP or MICA). This action
makes the corresponding studies visible from the metadata search-box at the central Dash-In server.
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The search results consist of a list of study entries each containing only metadata information on the
studies, and particularly the owner/server allowing to get in contact and obtain credentials to access
the data (if not already available to the user) and perform analytical tasks such as those described
above. Additional user-friendly statistical analyses such as regressions, generalized linear models and
exploratory data-undisclosing plots can be setup and applied from the web-based Dash-In portal (see
more details below).

THE DASH -1N INTERACTIVE FEDERATED ANALYSIS SYSTEM

" DATA SHARING INITIATIVE

@

nu

Search something

‘ finrisk = | |

Results

FINRISK  (vational FINRISK Study (The))

This National FINRISK Study is a large population survey on risk factors of chranic, noncommunicable diseases. The survey is carried
out since 1972 every five years using random and representative population samples from different parts of Finland....

Members: Erkki VartiainenSatu Mannisto

Figure 3: Study metadata search performed using the DASH-IN infrastructure looking for a sample data set loaded on the MICA central
metadata server.

The task force identified a set of study search terms to be used for both study annotation and study
search which are based on WP4 ontologies but might be extended with terms derived from: minimal
study requirements (WP2), study quality appraisal tool (WP2) and potential biomarker ontologies
from shared partnerships with the FoodBALL project.

Overview of the metadata search tool where the constituent components from WP3 infrastructure
are interacting together to provide the best data for the user research needs.
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Ontology

e

N

ot @ HE DASH -/ N INTERACTIVE FEDERATED ANALYS

DATA SHARING INITIATIVE
Data Servers

Analysis OPAL and Phenotype Database data servers available for my analyses

Log Out
NEW OPAL SERVER

Dash-in server Test

Server Name: Test Server URL:  https:/ieiem—

Server URL:  hitps: /e User Name: test

User Name:  survey Password: @
Password: - @ SKey: @

Certificate:  No file available

REMOVE DASH-IN

Figure 4: Clicking on the top-left menu icon a sidebar menu slides in. The first search box gives access to the metadata search feature that
allows to enter predefined metadata search terms to finely identify available studies annotated with the same search terms.

25



for a healthy life European Nutrition Phenotype Assessment and Data Sharing Initiative

JOINT PROGRAMMING INITIATIVE — A HEALTHY DIET FOR A HEALTHY LIFE EUROPEAN NUTRITION PHENOTYPE ASSESSMENT AND DATA SHARING INITIATIVE

SETTING UP DATA SOURCES

Once appropriate studies have been identified, possibly after having obtained appropriate credentials
from the study/dataserver owner, the researcher can move on setting up the actual datasets needed
to be included in the federated analysis. For each of the configured data server the user can easily see
listed in dropdowns all studies (s)he has access to (Figure 5, Figure 6, Figure 7, Figure 8).

The —

federated analysis system

£ Data

(1) Select the desired DBNP / OPAL studies.

Ll Fede ysis (2) Press the 'Setup remote data tables' button below.

Data Server DEMO

Opal Projects Data tables

[Select an OPAL project] - [No OPAL tables -

Data Server OpalRecas
Opal Projects. Data tables

enpadasi_wp3_wp4_workshep| - [Select a table] -

MyProject

Test project EE

Trial_CNSIM1 Data tables
data_harmonization_tutorial_1
[No OPAL tables -

enpadasi_wp3_wp4_workshop
fcs_project_ba
hackathon_test_1

Data tables
hackathon_test_2
|ELECLan UFAL project - [No OPAL tables -

Phenotype Database Studies

[Don't use a DBNP study] -

Please select at least a data table above before proceeding

Figure 5: Selection of the Projects into OPAL servers.
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1] interactive =
federated anal)

Da
° (1) Select the desired DBNP / OPAL studies.

(2) Press the 'Setup remote data tables' button below.
Data Server DEMO
Opal Projects Datatables

[Select an OPAL project] - [No OPAL tables] -

Data Server OpalRecas
Opal Projects Datatables

enpadasi_wp3_wp4_workshop - [Selectatab\eﬂ -

[Selecta table]

Data Server Uniliege PHYSIOLOGY_DATA_GROUP_1

Opal Projects
PHYSIOLOGY_DATA_HARMONIZATION

[Select an OPAL project] - PHYSIOLOGY_DATA_HARMONIZATION_SCHEMA

enpadasi_case_study PHYSIOLOGY_DATA_1

Data Server TNO

Opal Projects Data tables

[Select an OPAL project] - [No OPAL tables) -

Phenotype Database Studies

[Don't use a DBNP study] -~

ast a data table above before proceeding.

Figure 6: Selection of tables from OPAL projects.

[ interactive
federated analysis system

Da
° (1) Select the desired DBNP / OPAL studies.

(2) Press the 'Setup remote data tables' button below.

Data Server DEMO
Opal Projects Data tables

[Select an OPAL project] v [No OPAL tables) v

Data Server OpalRecas
Opal Projects Data tables

enpadasi_wp3_wp4_workshop v enpadasi_case_study_PHYSIOLOGY_DATA_1 v

Data Server UniLiege
Opal Projects Data tables

[Select an OPAL project] v [No OPAL tables) v

Data Server TNO
Opal Projects Data tables

[Select an OPAL project] v [No OPAL tables) v

Phenotype Database Studies

[Don't use a DBNP study]| -
T T e S e e e

of-principle

Diclofenac - Relation between reduction of the inflammatory status and
glucose metabolism in healthy overweight men

Foodmix - Effect of Nutritional Interventions on Inflammatory Status in
Healthy Overweight Men

Figure 7: Selection of Phenotype database data hosted within DASH-IN-enabled Phenotype Database computers.

27



D,y ENPABASI

(JPI

a healthy diet

for a healthy life European Nutrition Phenotype Assessment and Data Sharing Initiative

JOINT PROGRAMMING INITIATIVE — A HEALTHY DIET FOR A HEALTHY LIFE EUROPEAN NUTRITION PHENOTYPE ASSESSMENT AND DATA SHARING INITIATIVE

Theintera:tive =

federated analysis system

£ Data Ser

(1) Select the desired DBNP / OPAL studies.

Ll (2) Press the 'Setup remote data tables' button below.

Data Server DEMO

Opal Projects Data tables

[Select an OPAL project] - [No OPAL tables] -

Data Server OpalRecas
Opal Projects Datatables

enpadasi_wp3_wp4_workshop - enpadasi_case_study_PHYSIOLOGY_DATA_1 -

Data Server Uniliege

Opal Projects Datatables
[Select an OPAL project] - [No OPAL tables] -
Data Server TNO
Opal Projects Datatables
[Select an OPAL project] - [No OPAL tables] -
Phenotype Database Studies Study Assays
Diclofenac - Relation between reduction of the inflammatory status and - Budyweighﬂ -
glucose metabolism in healthy overweight men
BodyWeight
GCMS
Setup remote data tables Gene expression
plasma_ogtt

Proteomics

Figure 8: Selection of the study Assays associated to Phenotype Database DASH-IN enabled machines.

After having selected all OPAL and Phenotype Database pressing the button “Setup remote data
tables” will prepare the DASH-IN technical infrastructure to make federated analysis on different
tables hosted on different server but without moving or disclosing any single information out of each
hosting server. When the setup process is ready a green message will inform the user (Figure 9).

Setup remote data tables

Data sources were successfully setup on remote servers! Visit the Federated Analysis section in the left side-pane.

Figure 9: Federate data setup is needed to retrieve the variable names essential to make sense of the analysis the user wants to perform.

FEDERATED EXPLORATIVE PLOTS

Prior to diving into data analysis, it recognized to be a good practice making some exploratory data
plots to figure some overall properties of the data under study. To this aim a number of explorative
analyses from federated data are easily available to the final researcher including Histograms (Figure
10), Contour Plots (Figure 11) and Heatmaps (Figure 12). All data analysis are non-disclosive because
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no single pixel or number is ever returned on the web page if that is not the result of a summary data
for at least 5 different individuals/data points.

General data source Informations

Loaded data table with 11 variables and about 5024 rows

Analysis results = Activity

| H\s(ograml -~

Histogram
Contour Plot
Heatmap

Analisys

T T T T
140 160 180 200 220 240

Figure 10: Federated histograms.
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= The D/\S\H-ﬂ\l interactive federated analysis system

DATA SHARING INITIATIVE

General data source Informations

Loaded data table with 11 variables and about 5024 rows

Analysis results Activity

Heatmap -

Data variable

DBPa [integer] -

Contrast variable

GEWICHT [numeric] -

Run federated plot

Figure 11: Federated heatmaps.

= The D/\S\H‘n\l interactive federated analysis system

DATA SHARING INITIATIVE

General data source Informations

lid Federate
Loaded data table with 11 variables and about 5024 rows

Analysis results = Activity

Contour Plot -

Data variable

DBPa [integer] -

5
g |
- I — Contrast variable

/\\ GEWICHT [numeric] -

=
: Run federated plot
I
° pa
=——~—

T T
50 60 70 80 a0 100 110

80
L

GEWICHT

DBPa

Figure 12: Federated contour plots.

FEDERATED DATA ANALYSIS
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Analysis for phenotype-trait associations is a fundamental cornerstone in research and the DASH-IN
offers an easy way to access the great power of pooled-federated analyses through a simple web page.
The Analysis toolbox offers linear regressions and generalized linear models for the binomial and
Poisson distributions. The analytical results are the aggregation of statistics computed at each hosting
institution increasing the power while at the same time ensuring complete data privacy and
confidentiality as the data never leaves the hosting data servers.

The teractive

General data source Informations

Loaded data table with 11 variables and about 5024 rows

Analysis results = Activity

. . Analisys -
Specify model parameters and click 'Run federated analysis'.
Analisys type:
See the help box at the bottom for further instructions Generalized linear model (GLM) -

Output distribution

Poisson {an:lcg)‘ -

Binomial (link=logistic)

Poisson (link=log)

Explanatory variables

SMK4AL

Run federated analysis

Figure 13: Setting up a GLM using the Poisson distribution it is a matter of few mouse clicks. Total control on the meaning of the performed
analysis is left to the researcher who needs to know and understand what the computed association means. Specific type conversion (e.g.
categorical to numerical) are allowed to offer full savvy control on the research needs. Full documentation is provided at the bottom of the
screen (see for example Figure 14 and Figure 15).
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= The DASH- IN interactive federated analysis system

DATA SHARING INITIATIVE

General data source Informations

8l Fede

Loaded data table with 11 variables and about 5024 rows

Analysis results - Activity
Analisys -
Evaluated model 'GESLACHT ~ LENGTE + SMK11#num + DBPa * GEWICHT" family ‘gaussian’ link ‘identity"
Variables Estimate  Std.Error  zvalue pvalue low0.S5CI  high0.85C1 Analisys type:
(intercept) 1699 0284 5391 0 1143 2255 Linear Regression -
LENGTE o o001 01 052 sz a001
Dependent variable.
SMKILconv 004 0018 2:3 005 0oM 0005
GESLACHT (iactor -
oePa 2002 0003 0687 0432 a.008 004
GEWICHT 0002 0003 0864 0s0T 0009 004 Explanatory variables
DBPRGEWICHT 0 0 0874 032 0 o
\ce: 1253.56 on 5018 degree: .
Multiple Rsquared: 0.0017 Adjusted Resqu:
Fstatistic: L7126 on 5 and 5016 DF, p-value: 0.126 | mod te R"2 and F-test

Run federated analysis

Dependent variable:

Explanatory variables:

Figure 14: Federated linear regression results and full documentation on how to setup and interpret analytical results.

= The DASH -ﬂ\l interactive federated analysis system

DATA SHARING INITIATIVE

General data source Informations

Loaded data table with 11 variables and about 5024 rows

Analysis results = Activity

Analisys -
Evaluated model 'GESLACHT ~ LENGTE + SMK11#num + DBPa * GEWICHT' family 'binomial' link 'logistic'
sud. Analisys type:

variables Esimate  Error zualue p-value low0SSCLLP  higho95CLLP  POR  lowo95CLP OR  high.9scip_OR Sarralioed Femar model (LM -

(Intercept) 0799 1137 0703 0.482 1429 3028 0.69 0193 0954

LENGTE 0 0003 01 0s2 0.006 0.006 1 0994 1.006 Orgemd alukr amblan

SMK11_cony 0159 0071 2248 0025 0298 002 0853 0742 098 Binomial (link=logistic) T

7
DBPa 0,009 0013 0687 0492 003 0016 0L 0967 1016 Dependent variable
CHT . 507 7 7
GEWIC 0,009 0013 0664 050 0034 001 0L 0966 101 SESLACHT factor .
DBPAGEWICHT 0 0 ws72 03 0 o 1 1 1
Explanatory variables

Residual deviance: 635497 on 5018 degrees of freedom

[y Run federated analysis

Dependent variable:

dependent variable is categorical and the output

tinuous (as in linear regression or GLMsPoisson case) the variable will be

Explanatory variables:

Figure 15: Federated GLM modeling the output as a binomial distribution (logit link function).
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TECHNICAL SPECIFICATIONS

OPAL

| INSTALLATION PREREQUISITES

e Ubuntu 14.04

e 3 Virtual machines (XenServer) in private network
— 2 opalinstances
— 1 micainstance

e HTTP only, no HTTPS

OPAL SCHEMATIC OVERVIEW

http://wiki.obiba.org/display/OPALDOC/Opal+R+and+DataSHIELD+User+Guide

OPAL DATABASE INSTALLATION

e http://wiki.obiba.org/display/OPALDOC/Databases+Administration
e MongoDB or MySQL/MariaDB, PostgreSQL
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Database Engine Data Schema Storage  Import  Export

MySQL Opal SQL (] 8 [ |
MySQL, PostgreSQL ~ Tabular SQL (/] () ()
MySQL, PostgreSQL  Limesurvey 5% v 8
MongoDB Opal Documents @ 8 8

éSOME MONGODB INSTALLATION REMARKS
e MongoDB on Ubuntu:
https://docs.mongodb.org/master/tutorial/installmongodb-on-ubuntu/
e (Create a MongoDB “root” user according to
http://stackoverflow.com/questions/20117104/mongodb-root-user

e Follow the Opal wiki documentation

éSECURITY AUTHORIZATION IN THE /ETC/MONGOD.CONF FILE
Some MySQL installation remarks

e Database creation
— CREATE DATABASE opal_ids CHARACTER SET utf8 COLLATE utf8_bin;
— CREATE DATABASE opal_data CHARACTER SET utf8 COLLATE utf8_bin;
— CREATE USER 'opal' IDENTIFIED BY '<opal-user-password>';
— GRANT ALL ON opal_ids.* TO 'opal'@'localhost' IDENTIFIED BY '<opal-user-password>';
— GRANT ALL ON opal_data.* TO 'opal'@'localhost' IDENTIFIED BY '<opal-user-password>';
— FLUSH PRIVILEGES;
e Data schemas:
— Opal SQL: flexibility over performance
— Tabular SQL: SQL limitations, import/export

OPAL WEB APPLICATION DEMO

e http://opal-demo.obiba.org/ui/index.html#!dashboard
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_OPAL R SERVER SIDE NOTE

Ca

n be accessed without dataSHIELD!

# Load Opal R library
require('opal')

# Then, create an opal object with the login information
# Change the login credentials and url with the appropriate values!
o <- opal.login(username='administrator', password='password', url="https://localhost:8443")

# To verify if the connexion with Opal works,
# get the list of all projects
opal.datasources(o)

# Assign the content of the LifelLines table (from the test project)
# into a data frame in a R session of the R server
opal.assign(o,'D", 'test.LifeLines', missings = TRUE)

# Get the summary of this data frame from the remote R session
opal.execute(o, 'summary(D) ")

# Terminate the remote R session
opal.logout(o)

DATASHIELD

DATASHIELD INSTALLATION AND USAGE

e http://wiki.obiba.org/display/OPALDOC/How+to+install+and+use+Opal+and+DataSHIELD+for+D
ata+Harmonization+and+Federated+Analysis
e On Opal server (web application):
— install dataSHIELD packages in admin section
— create a user and set the correct permissions on both dataSHIELD and project/table level
e Onclientside:
— install necessary R packages
— connect for example with Rstudio (demo?)
MICA

MICA SCHEMATIC OVERVIEW
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Servers Clients

>_

Python

Agate

Mica Drupal

Opal

Browser

http://wiki.obiba.org/display/MICADOC/Overview

MICA MODULES

e Mica server: RESTful Java server for managing, storing and searching Mica content

e Mica Web Application: user interface for administration and configuration of a Mica server

e Mica Drupal Client: Mica CMS providing tools to create custom web portals

e Mica Python Client: command-line interface for administration and automation of a Mica server

SOME MICA-SERVER INSTALLATION REMARKS

e Install MongoDB first!
e http://wiki.obiba.org/display/MICADOC/Mica+Server+installation+Guide

e Connection with Opal:
— On Opal server: create Mica user and set the necessary project/table permissions

— On Mica server: add (multiple) Opal credentials

MICA DEMO’S

e Mica Web Application demo

—  http://mica-demo.obiba.org/
e Mica Drupal Client demo

— http://demo.obiba.org/mica2/
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e Mica Drupal Client example
— https://www.bioshare.eu/

MICA-PYTHON-CLIENT

e Command line scripting tool written in Python, enables automation of tasks in a Mica server
e Provides access to the Mica REST-API

a.org -u administ

HARMONIZATION

HARMONIZATION ACROSS OPAL INSTANCES
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Harmonized DataSchema
specification

Dé

Harmonized DataSchema Harmonized DataSchema
implementation ! implementation

Opal Server Opal Server

Bicbank A Biobank B

http://wiki.obiba.org/display/OPALDOC/Data+Harmonization+with+Opal#DataHarmonizationwithO
pal-DataHarmonizationacrossBiobanks

HARMONIZED DATASCHEMA

e Create on Opal (or Mica Drupal Client) web application
e Export/Import as XML to other Opal instances
e Extensive tutorial:

http://wiki.obiba.org/display/MLSTRM/Data+Harmonization+and+Database+Federation+Tutorial

[ Name Label Value Type Categories
[J Gender integer 0,1,9

[J  PM_BMI_CAT integer 1,2,3,9

[ DIS_DIAB integer 0,1,9

[] | PM_DIASTOLIC integer 999

[ SMK_CIG_CURRENT integer 0,1,9

HARMONIZED DATASCHEMA VARIABLE

e Has categories (from taxonomy if available)
e Project/table data processing algorithms
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— Javascript
— Wizard for simple transformations

Categories

[# Edit Categories

Name Label Missing

0 Male
Male

1 Female

Female

L Missing v

Attributes

+ Add Attribute -

| Name Value Actions

[] script . Edit Remove

| MORE COMPLEX ALGORITHM EXAMPLE

Categories
(# Edit Categories
Name Label Missing
1 Less than 25 kg/m2
"1 Less than 25 kg/m2
2 25 to 30kg/m2
|| 25 to 30kg/m2
3 Over 30 kg/m2
L\ Over 30 kg/m2 £
- If Q69 = 1 or 2 and TUPI1 is greater than 0,
9 Missing then SMK_CIG_CURRENT = 1%/ v

function cig_smoker() {
var cig_day = $(TUPI1");
if (cig_day.gt(0).value()) retum 1
else if (cig_day.eq(0).value()) retum 0;
else retum 9;
}

$('069').map({
‘1" cig_smoker(),
'2": cig_smoker (),
3%0

}.9.9)
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HARMONIZATION DATASET EXAMPLE

e http://demo.obiba.org/mica2/mica/datasets/harmonization-datasets

Statistics

Value
Valid Values
0

None

1
Elementary school

2
High school

3
Trade, technical or vocational school, apprenticeship training or
technical CEGEP

4

Diploma from a community college, pre-university CEGEP or non-

university certificate

5
University certificate below bachelor's level

PHENOTYPE DATABASE

Atlantic
PATH1

17
12,90%
(12,90%)

16
12,10%
(12,10%)

17
12,90%
(12,909%)

16
12,10%
(12,10%)

16
12,10%
(12,10%)

17
12,90%
(12,90%)

Atlantic
PATH2

15
12,50%
(12,50%)

15
12,50%
{12,50%)

15
12,50%
(12,50%)

15
12,50%
{12,50%)

15
12,50%
(12,50%)

15
12,50%
{12,50%)

13
12,30%
(12,30%)

13
12,30%
(12,30%)

13
12,30%
(12,30%)

13
12,30%
(12,30%)

14
13.20%
(13,20%)

13
12,30%
(12,30%)

BCGP
2

14
12,70%
(12,70%)

14
12.70%
(12,70%)

13
11.80%
(11,80%)

14
12.70%
(12,70%)

14
12.70%
(12,70%)

14
12,70%
(12,70%)

BCGP
3

13
12,50%
(12,50%)

13
12,50%
{12,50%)

13
12,50%
(12,50%)

13
12,50%
{12,50%)

13
12,50%
(12,50%)

13
12,50%
{12,50%)

15
11,90%
(11,90%)

16
12,70%
(12,70%)

16
12,70%
(12,70%)

15
11,90%
(11,90%)

16
12,70%
(12,70%)

16
12,70%
(12,70%)

(o]
T
A
[

23
12.40%
(12,40%)

23
12.40%
(12,40%)

24
12.90%
(12,90%)

23
12.40%
(12,40%)

24
12.90%
(12,90%)

23
12.40%
(12,40%)

o
k3
h
N

14
12,20%
(12,20%)

14
12,20%
(12,20%)

15
13,00%
(13,00%)

15
13.00%
13,00%)

14
12.20%
(12,20%)

15
13,00%
13,00%)

12,70%
(12.70%)

20
12,70%
(12,70%)

19
12,00%
(12,00%)

19
12,00%
(12,00%)

20
12,70%
(12,70%)

20
12,70%
(12,70%)

See for all information the Phenotype database website (and github): www.dbnp.org

SHINYAPPS

Crosstabs

12,70%
(12,70%)

23
12,20%
(12,20%)

23
12.20%
(12,20%)

23
12.20%
(12,20%)

24
12.70%
(12,70%)

24
12,70%
(12,70%)

All

168
12,50%
(12,50%)

167
12,40%
(12,40%)

168
12,50%
(12,50%)

166
12,30%
(12,30%)

170
12,60%
(12,60%)

170
12,60%
(12,60%)

INSTALLING THE REQUIRED SOFTWARE COMPONENTS

 DEBIAN

RSTUDIO DESKTOP

Is the software that helps us working with R — hence with shiny as well.

Install gdebi (used to install RStudio server and the shiny server)

S sudo apt-get install gdebi-core

Download and install RStudio Desktop:

$ wget https://downloadl.rstudio.org/rstudio-0.99.902-amd64.deb

S sudo gdebi rstudio-0.99.902-amd64.deb
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If Debian is not your OS, then you can the other binaries or the sources here:

https://www.rstudio.com/products/rstudio/download/

INSTALL R AND SHINY

Add the CRAN repository to get the latest version of R. In this tutorial we use the GARR repository, but
you should choose the one that best fits you: https://cran.rproject.org/mirrors.html

Add the following statement in the file /etc/apt/sources.list.d/cran.list

deb http://cran.mirror.garr.it/mirrors/CRAN/bin/linux/debian jessie-cran3/

Then add the key for this Debian archive:
| $ sudo apt-key adv —--keyserver keys.gnupg.net --recv-key 381BA480
And update the packages list:
| $ sudo apt-get update
Install R from the command line:
| $ sudo apt-get install r-base
Then install the shiny package from either the command line:
| $ sudo R -e "install.packages ('shiny', repos='https://cran.rstudio.com/")"
Or, from the R prompt:

| > install.packages ('shiny', repos='https://cran.rstudio.com/")

MAC

On Macs it is enough to download the latest R version from one of the mirrors at https://cran.r-
project.org/mirrors.html and the latest RStudio version from

https://www.rstudio.com/products/rstudio/download/.

LINKING INTO THE DASH-IN INFRASTRUCTURE

To use external data in a shiny application, you must use the global.R file, whatever is declared in this
file, it is parsr first of any other Shiny file and it also accessible from both ui.R and server.R files — so
let's put the definition of our functions there.
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Below we see the complete global.R, ready to interact with the Dash-In infrasctrure and namely the
DataShield system. Most of these commands have been covered in previous Datashield tutorials of
the Hackaton so let’s briefly say that the first commands perform a distributed login across all the sites
from which we want to fetch data.

As prerequisites the following DataShield R packages should be installed system-wide (Debian):

in R console:

Additionally the following packages need to be installed on any OS:

NOTE: soon also an ENPADASI R package will be needed to fully connect the Dash-In infrastructure.

The focus in this tutorial is the definition of the get_study_variables() function — as a demonstration
of the web-based interactive analysis system offered within the Dash-In infrastructure for both
intervention and observational studies.

 GLOBAL.R

!
N
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In the logins.txt files a list of different OPAL and DBNP DataShield-enabled servers can be entered.

The get_study_variables() function fetches the variables in the study. It also handles some error
condition, for example no internet connection or remote servers not reachable.

At the same time we extend the application with all DataShield supported plots, i.e.histogram,
contourPlot and heatmap.

SERVER CONFIGURATION AND DEPLOYMENT OF A MULTI-APPLICATION SERVER

 DEBIAN

Install the shiny server

At this point the server should be automatically up running.
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Applications Places System - ¥ The ComprehensiveR... B how-to-shine.txt (~/Do...

Shiny Server
Shiny Server is a server program from RStudio, Inc. that makes S applications available over the web. sShiny is a web application fr
putation language.
Do you want to install the software package? [y/N]:y
Selecting previously unselected package shiny-server.
(Reading database ... 161744 files and directories currently installed.)
Preparing to unpack shiny-server-1.4.2.786-a
Unpacking shiny-server (1.4.2.786)
Setting up shiny-server (1.4.2.786)
Creating user shiny
ting to en_US.UTF-8
vants/shiny-server.service to /etc/systemd/system/shiny-server.s
- ShinyServer

loaded (/etc/systemd/system/shiny o .service; enabled)

active (running) since 6- 06- 120:57 CEST; 1OGms ago

22087 ExecStartPos / p 3 d, status=0/SUCCESS)

22088 (shir

system.sl

t:22086 /bin -c / s ver/bin/shiny-server --pidfile=/var/run/shiny-server.pid

22088 /opt ver/ext/ in/shiny-server /fopt/shiny-server/lib/main.js --pidfile=/v

Welcome to Shiny Server!

If you're seeing this page, that means Shiny Server is installed and running. Congratulations!

What's Next? ~

i .
Now you're ready to setup Shiny — if you haven't already — and start It S Allve !
deploying your Shiny applications.

Number of bins:

1 B 50

If you see a Shiny application running on the right side of this page, then Shiny
is configured properly on your server and already running an example. Bravo!
You can see this application on your server at /sample-apps/hello/.

If you see a gray box or an error message, then there's a bit more work to do to
get Shiny running fully. You can continue with the installation instructions or
use the Admin Guide for more information. If you're seeing an error message in

. : n Histogram of x
the panel to the right, you can use itto help diagnose what may be wrong. If you

think Shiny is installed and setup properly and things still aren't working. you

o
&
can look in the Shiny Server log which may have more information about what's .
3
wrong. By default, the log is stored in [ /var/log/shiny-server.log | 5 2
o
8

The configuration file is located at /etc/shiny-server/shiny-server.conf
The file is well commented, so it will be easy to understand what to edit in order to get the
desired configuration.

To change the port, search and edit the line:
| listen 3838;
To change the address:

location /put/here/your/address { ...
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To reload the server with the new configuration:

$ sudo service shiny-server stop

$ sudo service shiny-server start

For the deployment of a multi-application server simply prepare different folders each containing its
own ui.R, server.R (and optionally global.R) and the server will treat each such folder as a different
application.

MAC

On Macs the shiny server needs to be complied form source. It all passes through homebrew. Install
homebrew with the following command:

$ /usr/bin/ruby -e "$(curl -fsSL
https://raw.githubusercontent.com/Homebrew/install/master/install)"

Using homebrew install the following software:
* python 2.6 or 2.7 (Really. 3.x will not work)

e cmake (>=2.8.10)

e gcc

° g+t

o git

typing commands as the following:

$ brew install python

Install a development version of R available from ATT: http://r.research.att.com/

Then install the shiny package in the system-wide library:

$ install.packages ("shiny", repo="http://cran.rstudio.org", type="source")

Now proceed with the first steps — stopping before the CMAKE step — under “Installation” on the
official page at

https://github.com/rstudio/shiny-server/wiki/Building-Shiny-Server-from-Source
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The current launcher.cc source file must be edited to use the proc_pidpath() function on OSX instead
of Linux proc (see this thread). Use this version from Nathan Weeks instead.

After replacing the file, you can proceed with cmake and all subsequent installation steps.
See references:
https://github.com/rstudio/shiny-server/wiki/Building-Shiny-Server-from-Source
http://www.ducheneaut.info/installing-shiny-server-on-mac-os-x/
https://groups.google.com/forum/#!topic/shiny-discuss/WTXFtrEnR-k
https://github.com/nathanweeks/shinyserver/

blob/d5240ef6d795dafc89c74a49d6f14d7fe0509541/src/launcher.cc
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AVAILABLITY OF THE SYSTEMS

U. LIEGE

Within ENPADASI, the systems described above have been installed on different computational
platforms. The instances are currently available to the entire ENPADASI community as follows:

- Phenotype Database: it is hosted by TNO [NL], ReCaS Data center [IT] and the University of
Copenhagen [DK].

- Opal/DataShield instances are installed on ReCaS Data center [IT], TNO [NL], University of
Liege [BE], Gent University [BE], the University of Copenhagen [DK] and DIFE [DE].

- Acentralized instance of Mica server is accessible at ReCaS Data center.

- The Dash-In interactive web-based analytical platform is available at COSBI.
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