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Titre en francais

Développement d’un systeme informatique intégré pour la gestion des données de
laboratoire et des étapes de séquencage de nouvelle génération au sein d’une
plateforme de recherche en génomique du cancer.

Résumé en francais

L’objectif de mon travail de these était de développer des outils bio-informatiques
permettant d’améliorer la traditionnelle gestion de I’information scientifique au sein
d’un grand centre de recherche et en particulier au sein d’une plateforme de
génomique.

Trois outils ont été développés: un cahier de laboratoire électronique, un systeme de
gestion de I’information de laboratoire pour des applications de génomique dont le
séquencage de nouvelle génération, ainsi qu'un systeme de gestion des échantillons
pour de grandes bio-banques. Ce travail a été réalisé en étroite collaboration avec des
biologistes, épidémiologistes et informaticiens. Il a également inclus la mise en place
d’interactions entre les différents outils pour former un systeme informatique intégré.
Les trois outils ont été rapidement adoptés par I’ensemble des scientifiques du centre
de recherche et sont désormais utilisés au quotidien pour le suivi de toutes les activités
de laboratoire mais aussi plus globalement pour les autres activités scientifiques du
centre de recherche. Ces outils sont transposables dans d’autres instituts de recherche.

Titre en anglais

Development of an integrated Information Technology system for management of
laboratory data and next-generation sequencing workflows within a cancer genomics
research platform.

Résumé en anglais

The aim of my thesis work was to develop bioinformatics tools to improve the
traditional scientific information management within a large research centre and
especially within a genomics platform.

Three tools have been developed: an electronic laboratory notebook, a laboratory
information management system for genomics applications including next generation
sequencing, as well as a sample management system for large biobanks. This work
has been conducted in close collaboration with biologists, epidemiologists and IT
specialists. It has also included the setup of interactions between the different tools to
make an integrated IT system.

The three tools have been rapidly adopted by all the scientists of the research centre
and are now daily used for the tracking of all the laboratory’s activities but also more
globally for the research centre’s other scientific activities. These tools are
transposable in other research institutes.



Développement d’un systéme informatique intégré pour la gestion des données

de laboratoire et des étapes de séquencage de nouvelle génération au sein d’une

plateforme de recherche en génomique du cancer.

Résumé

L’évolution et la modernisation des sciences de laboratoire ont entrainé la
production de grandes quantités de données et en particulier de données électroniques
qu’il faut gérer. Les avancées technologiques en génomique ont également impliqué
la mise en place de nouvelles procédures de laboratoire plus complexes et permettant
des analyses a haut débit en augmentant la capacité des instruments et en réduisant les
cofits. Ces procédures nécessitent un suivi strict et soigneux a chaque étape du travail
de laboratoire. L’augmentation du débit des analyses a favorisé en parallele le
recrutement de grandes collections d’échantillons biologiques pour lesquelles il est
également indispensable de stocker les données associées de facon performante et
stire. De ces progres et avancées technologiques a découlé le défi de trouver des
solutions informatiques adaptées pour une gestion appropriée de toutes ces données.

L’objectif général de mon travail de these était donc de développer des outils
bioinformatiques permettant d’améliorer la traditionnelle gestion de 1’information
scientifique au sein d’un grand centre de recherche et en particulier au sein d’une
plateforme de génomique. Pour cela, j’ai travaillé en étroite collaboration avec les
chercheurs biologistes, épidémiologistes et informaticiens du Centre International de
Recherche sur le Cancer (CIRC) pour implémenter des outils permettant le suivi des
échantillons, des expériences et des résultats, suivi indispensable a la conduite

d’études a grande échelle.

Le premier outil développé est un cahier de laboratoire électronique destiné a
remplacer le cahier papier qui permettait jusqu’a présent d’enregistrer les activités
expérimentales journalieres des laboratoires et les investigations scientifiques pour
références futures. Malgré sa grande valeur, le cahier papier présente des limitations

en particulier concernant I'insertion des données électroniques générées par les



laboratoires modernes, la recherche d’informations qui peut s’y avérer laborieuse ou
le partage d’informations qui reste compliqué.

Le cahier électronique développé est un outil gratuit et basé sur le systeme de
gestion de contenu WordPress qui est un logiciel de publication libre (« open-
source »). Il est accessible depuis n’importe quel ordinateur, tablette ou smartphone
par I'intermédiaire d’un navigateur internet grace a un identifiant et un mot de passe
propre a chaque utilisateur. Il integre les fonctionnalités d’un cahier papier en
permettant 1’enregistrement des données expérimentales de maniere flexible et
sécurisée. Il est possible en outre d’attacher des documents électroniques ou des liens
vers des ressources extérieures. L outil facilite la recherche d’information et permet
son partage grace a la possibilité de définir des droits d’acces en lecture ou écriture
tres précis que ce soit sur des cahiers personnels ou communs pour la gestion de
projets ou d’instruments spécifiques. Il présente ainsi des moyens de communication
supplémentaires qui permettent d’améliorer et de renforcer les échanges et les
collaborations entre les chercheurs. Il est particulierement adapté aux activités de
laboratoire mais également a la prise de notes de travaux d’épidémiologie, de
bioinformatique ou de biostatistiques. Ce cahier de laboratoire électronique est
approprié a la fois pour des petits laboratoires car requérant de faibles ressources
informatiques, et pour des grands instituts de recherche car multi-utilisateurs et
multidisciplinaire. Enfin, la reconnaissance de la valeur juridique des données
électroniques devrait favoriser dans les années a venir ’adoption des cahiers

électroniques par I’ensemble de la communauté scientifique.

Le deuxieme outil développé est un systeme de gestion de I’information de
laboratoire (LIMS) pour des applications de génomique dont le séquencage de
nouvelle génération. En effet, ces nouvelles technologies ont apporté dans les
laboratoires des procédures complexes a plusieurs étapes variables, certaines
critiques, d’autres optionnelles et souvent associées a du haut débit. Une
automatisation et un suivi rigoureux de chaque manipulation d’échantillons et de
réactifs sont donc nécessaires incluant un stockage de toutes ces informations dans un
environnement robuste et sécurisé.

L’outil mis en place repose sur une base de données et une interface internet
qui permet d’enregistrer chaque étape des procédés de laboratoire. La définition des

besoins étant cruciale, une connaissance approfondie des procédures de laboratoire est
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nécessaire. La stratégie de design et de modélisation est importante pour une
utilisation correcte de I’outil et une gestion performante du laboratoire. Elle doit étre
flexible et prendre en compte une estimation de la variabilité ainsi que des évolutions
et exigences futures. L’interface doit étre facile a utiliser, basée sur un vocabulaire
adapté et des menus suivants chaque étape dans un ordre chronologique. L’outil est
également connecté a des imprimantes a code-barres, robots et autres instruments de
laboratoire pour faciliter I’échange d’information et optimiser 1’automatisation des

taches.

Le troisieme outil développé est un systeme de gestion des échantillons pour
de grandes biobanques. Ces dernieres représentent une ressource importante en
recherche médicale pour des études dans des domaines variés et notamment en
génomique et en épidémiologie génétique. En particulier, la biobanque du CIRC
regroupe des échantillons appartenant a de nombreuses collections variées et
hétérogenes qui étaient jusqu’alors gérées individuellement par les investigateurs.
Ceci avait pour conséquence un manque de visibilité globale des ressources
disponibles pour la recherche. Une augmentation du nombre de collections liées a de
nouvelles études a grande échelle associée a une volonté croissante de partager ces
ressources avec la communauté scientifique a nécessité la mise en place d’un outil
informatique robuste pour gérer les données épidémiologiques basiques, la
localisation au sein des infrastructures de stockage ainsi que le mouvement des
échantillons.

L’outil développé repose sur une base de données relationnelle et une
interface internet avec acces sécurisé par un identifiant et un mot de passe. L’ outil est
« open-source » et applicable a la gestion de différents types de biobanques méme tres
hétérogenes car adaptable a une grande variabilité d’échantillons et d’équipements de
stockage (cuves a azote, congélateurs, armoires) grace a un systeéme de hiérarchies de
contenants imbriqués tels des poupées russes. L outil a été optimisé pour permettre
I’import de grande quantité de données par I’intermédiaire de fichiers formatés dont la
cohérence par rapport au contenu attendu dans la base de données est vérifiée pour
assurer 1’intégrité des données. Des fonctionnalités avancées de recherche et
d’extraction des données permettent de générer des tableaux, arbres, images et

graphiques.



Les trois outils ont été rapidement adoptés par [’ensemble des
scientifiques du CIRC et sont désormais utilisés au quotidien pour le suivi de toutes
les activités de laboratoire mais aussi plus globalement pour les autres activités
scientifiques du centre de recherche. Le cahier électronique compte plus de 100
utilisateurs, le LIMS gere toutes les activités de laboratoire et notamment celles
concernant le séquencage a haut débit. Le systeme de gestion de la biobanque, quant a
lui, inclut les données et la localisation de plus de 5 millions d’échantillons.

Ces trois outils complémentaires permettent de gérer différents types
d’information de laboratoire. L’acces a ces données doit étre sécurisé de fagon
appropriée que ce soit du point de vue de la propriété intellectuelle dans le cas des
cahiers électroniques de laboratoire ou du point de vue de la confidentialité des
informations personnelles associées a des échantillons humains stockés dans les
biobanques. Afin de réduire la charge de travail liée a I’enregistrement des données et
faciliter la recherche d’information, j’ai également mis en place des interactions entre
les différents outils pour former un systeme informatique intégré. Il pourrait €tre
intéressant par la suite de connecter ces outils a des logiciels d’analyses
bioinformatiques pour stocker, de facon similaire au stockage des étapes
d’expériences de laboratoire, toutes les étapes du traitement bioinformatique en
répertoriant les références, les versions de logiciels utilisées et les fichiers de résultats
intermédiaires. En effet, ces traitements prennent une place de plus en plus importante
dans les laboratoires de génomiques et la tracabilité et la reproductibilité de ces
analyses bioinformatiques sont essentielles.

Les trois outils développés ont été publiés avec les codes sources pour
permettre a d’autres instituts de recherche de les installer voire de les adapter a leurs
besoins spécifiques. Le développement de ce type d’outil devient aujourd’hui
incontournable pour faciliter le partage de connaissance encouragé par les politiques
récentes de certains journaux scientifiques pronant 1’acces au plus grand nombre pour

la dissémination des recherches et I’émulation des investigations scientifiques.
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Foreword

The work presented in this thesis is the result of researches started in 2007
and carried alongside my professional duties as a bioinformatician. It includes
thoughts and discussions on scientific information management systems that matured
with experience acquired since the first Laboratory Information Management System
I put in place in 2003 for sequencing at the European Molecular Biology Laboratory
(EMBL) Genomics Core Facility up to the recent Electronic Laboratory Notebook
developed for the International Agency for Research on Cancer (IARC).
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Abbreviations

API: Application Programming Interface

BD2K: Big Data to Knowledge

BBMRI-ERIC: Biobanking and BioMolecular resources Research Infrastructure
BC: Barcode

BCNet: Biobank and Cohort Building Network

BRC: IARC Biological Resource Center

CENSA: Collaborative Electronic Notebook Systems Association
CMS: Content Management System

CPU: Central Processing Unit

CSS: Cascading Style Sheets

CSV: Comma-separated values

DNA: Deoxyribonucleic acid

DBMS: DataBase Management System

dNTP: Désoxy-N-Tri-Phosphate (N being Adénine, Cytosine, Guanine or Thymine)
EBI: European Bioinformatics Institute

ELN: Electronic Laboratory Notebook

EMBL: European Molecular Biology Laboratory

EPIC: European Prospective Investigation into Cancer and Nutrition
ER: End-repair

ES: Enrichment of Spheres

ExAC: Exome Aggregation Consortium

FDA: Food and Drug Administration

GB: Gigabytes

GCS: Genetic Cancer Susceptibility

GSP: Genetic Platform

GUI: Graphical User Interface

GWAS: Genome-wide association study

HPC: High Performance Computing

HRM: High Resolution Melting Curve Analysis

HTML: HyperText Markup Language

TARC: International Agency for Research on Cancer
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IBB: The IARC Biobank

ICGC: International Cancer Genome Consortium
ID: Identifier

IP: Internet Protocol

ISO: International Organization for Standardization
IT: Information Technology

LAMP: Linux Apache MySQL PHP

LIMS: Laboratory Information Management System
LMICs: Low- and Middle-Income Countries

LOV: List Of Values

LSC: Laboratory Steering Committee

LSST: Large Synoptic Survey Telescope

LTS: Long Term Support

MB: Megabytes

NASA: National Aeronautics and Space Administration
NGS: Next Generation Sequencing

NIH: National Institute of Health

OT: Ion OneTouchTM

PC: Personal Computer

PCR: Polymerase Chain Reaction

PDF: Portable Document Format

PHP: Hypertext Preprocessor (originally Personal Home Page)
PLN: Paper Laboratory Notebook

R&D: Research and Development

RAM: Random-Access Memory

RBC: Red Blood Cells

RNA: Ribonucleic acid

SAMI: SAmple Management system for IJARC biobank
SDK: Software Development Kit

SMS: Sample Management System

SOP: Standard Operating Procedures

SQL: Structured Query Language

SSL: Secure Sockets Layer

TB: Terabytes
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TCGA: The Cancer Genome Atlas
TOC: Table of Contents

UK: United Kingdom

URL: Uniform Resource Locator
US: United States (of America)
VPN: Virtual Private Network
WHO: World Health Organization
WP: WordPress
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Context

The laboratory

The International Agency for Research on Cancer (IARC) was established in
1965 as an extension of the World Health Organization (WHO) to work on the
identification of cancer causes and on the establishment of preventive measures for
improvement of health through a reduction in the incidence and mortality from
cancer.

The Agency is interdisciplinary, bringing together skills in epidemiology,
biostatistics and laboratory sciences. As an independent entity, it promotes and
establishes international collaborations in cancer research including partners from low
and middle-income countries (LMIC). A core part of the Agency’s mission is also
education and training of cancer researchers worldwide through fellowships, courses
and publications with a priority given to researchers from LMIC in the areas of cancer

epidemiology and cancer registration.

Among all the topics studied, genetic susceptibility plays an important role in
the development of many types of cancer. So far findings only explain a minor
proportion of familial clustering, and most of the genetic risk remains to be
discovered.

The main objective of the Genetic Cancer Susceptibility (GCS) group is to
further explore and describe genetic susceptibility to human cancers by evaluating the
inherited genetic factors involved in this susceptibility and how the variants are
related to events in the tumour tissue itself. This goal is achieved through several
subprojects:

- conducting genetic studies to identify rare familial mutations conferring high
risk of developing cancer, and more common genetic variations associated with more
modest increase in risk;

- studying the functional effect of susceptibility alleles and mechanisms

involved also in interactions with environmental factors and viruses;
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- assessing how genetic susceptibility may be mediated by considering how
susceptibility alleles relate to gene expression levels;

- and more recently, exploring the potential of genomic techniques to evaluate
novel non-invasive biomarkers for early detection and surveillance of cancer, such as

circulating tumour DNA or exosomal RNAs from plasma samples.

Although the group does work on common cancers such as lung ([1] - Wang et
al., 2014;[1] - Wang et al., 2014) or breast cancers ([2] - Park et al., 2014), its research
tends to focus on rarer cancers such as those of upper aerodigestive tract ([3] -
Delahaye-Sourdeix et al., 2015), nasopharynx ([4] - Fachiroh et al., 2012), kidney ([5]
- Purdue et al., 2011), lymphomas ([6] - Cozen et al., 2014) and melanomas.

GCS thus contributes to better understanding of the biological pathways
involved in cancer development and indirectly to the application of clinical screening
methods for cancer risk prevention and management at health level.

Investigations are done partly through imputation techniques in genome-wide
association study (GWAS) and mainly through laboratory techniques such as next-
generation sequencing (NGS) using a variety of study designs including both familial
and case-control studies. GCS also coordinates the development of the Agency's

genomics and bioinformatics capacity.

The group hosts the Genetic Platform (GSP), a key component of the Agency,
which develops, maintains and provides a suite of genetic and genomics laboratory
techniques and expertise for all Groups within IARC through collaborative projects. It
includes large-scale molecular epidemiology projects and many other genomics-based
projects within IARC and outside collaborators.

The GSP makes cutting-edge genomic techniques accessible to IARC
scientific groups and collaborators. It provides support through the complete project
life-cycle, including study design, planning, execution, quality control, and
subsequent bioinformatics analysis. In the laboratory context, GSP strives to develop
semi-automated workflows for tailored, flexible, and cost-effective genomic analysis
of TARC's large and heterogeneous biological sample collections. GSP incorporates

quality control measures throughout these processes to ensure the highest data quality.
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GCS has been especially focusing since years on successive sequencing
technologies for mutation screening using gel electrophoresis sequencer to capillary
sequencer. The platform integrated NGS technologies from July 2011 on by acquiring
three instruments from Life Technologies: a SOLIDS500XL ([7]), ([8] - Mardis,
2008), an Ion-Torrent Personal Genome Machine (PGM) ([9]) and an Ion Proton
([10]) with associated informatics support including three servers and one cluster.
These instruments are used for sequencing at different scale and depth (whole exome
sequencing on SOLiD and Proton, targeted sequencing on PGM and Proton, RNA
sequencing on SOLiD and Proton).

The GSP includes also several pipetting robots and different instruments for
different types of genotyping, high resolution melting curve analysis (HRM), gene
expression assays and methylation profiling. These instruments all play an important

role for achieving laboratory research work.

The associated IT infrastructures

In order to manage the laboratory aspects of the work and also the analyses of the
experiments’ results, GCS owns a quite large panel of computers all connected to the
internal network protected behind a firewall (Figure 1):

- several desktop machines for each user and for piloting each robot, the
Tagman ([11]) , the LightScanner ([12]) and the Illumina Beadstation 500 GX
platform ([13])

- three performant Linux servers for each of the three NGS instruments
(SOLiD, Ion PGM and Proton)

- a Hewlett-Packard high performance computing (HPC) cluster for all next
generation sequencing analyses. The latter is composed of one head node and twelve
computing nodes linked to a storage of 170 terabytes (TB). Each node has 2 Central
Processing Units (CPUs) with 12 cores each totalling 288 cores.

- several Linux servers hosting the databases and web applications that make

up the tools that I will described in this thesis.
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Figure 1: IARC IT network and infrastructure. They include GCS IT material: the

users’ desktop machines, the instruments’ machines, the servers for the databases and

web applications, the storage bays and the high performance cluster.
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Bioinformatics

Definitions

GCS activities include a large part of bioinformatics as is most common in
many research institutes and especially genomic laboratories. Bioinformatics is a
broad discipline which uses by definition both biology and computer science to
answer biological questions. Everyone does not agree on what kind of work and skills
it implies, and even inside the scientific community opinions are divided. For some
people it includes computational biology, biostatistics and biomathematics. For
others, bioinformaticians design computer programs to solve biological problems
whereas computational biologists apply computer programs and use computer tools to
solve biological problems, i.e. they have knowledge in biology and use computers. In
other words if you are writing software without understanding the biology, you are a
programmer. If you are interpreting the biology without developing the code, you are
a biologist or a computational biologist. Only if you are developing and writing tools
or building databases to interpret the biology while simultaneously understanding the

biology, one might consider oneself as a bioinformatician (Figure 2).

Data
Scientist

Programmer
(Comp. Sci.)

Statistician

Biologist

Figure 2: Chart from Anthony P. Fejes - PhD in Bioinformatics - describing his

vision on frontiers in the biology and computer science world ([14]).
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Bioinformatics covers many various areas out of which we can distinguish the
following main ones:

- biological databases and information systems aimed at data collection and
query - this branch represents the first application of bioinformatics to store biological
data in a structured and organized environment enabling easy retrieval of information
for further investigations; it includes institutes’ private databases but also public
online databases such as Ensembl genome database hosting sequences and annotation
from human, mouse and other vertebrate and eukaryote species ([15]). These latters
play an important role in the sharing of knowledge.

- web applications and web technology - a concept introduced in 1999
enabling the interactive use of information technology (IT) tools through networks
without having to install software on users’ computers making them very attractive
and popular. The web tools are hosted on servers and accessed by users via their own
computers’ web browser being compatible with the different operating systems
(Linux, Windows and Macs).

- algorithmics and programming aimed at biological analyses and particularly
genomics analyses to facilitate understanding of complex data sets (including
phylogeny and sequence annotations)

- biostatistics which is the application of statistics to the design of biological
experiments and the analyses and interpretation of their results

- modelling and imaging of biology structures such as proteins

Overall bioinformaticians have one major and common goal which consists in
applying computational resources of information technology — tools or methods for

different kind of applications - to the understanding of research questions.

Applications

Bioinformatics touches and has become essential in many scientific disciplines
such as genetics, genomics and metabolomics. It is therefore very central to GCS
activities for both data management and data analyses. As an example, my activities
as bioinformatician focus on these two different aspects:

- the design, development, implementation and maintenance of databases and

web applications tools which will be described in this thesis.
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- genomic analyses for both the GCS group and other collaborators within the

Agency ([16] - Vaca-Paniagua et al., 2015); ([17] - Kim et al., 2014); ([2] -

Park et al., 2014); ([18] - Damiola et al., 2014); ([19] - Le Calvez-Kelm et al.,

2012); ([20] - Ahmad et al., 2012) ; ([21] - Park et al., 2012); ([22] - Le

Calvez-Kelm et al., 2011) ; ([23] - Tavtigian et al., 2009).

The group also plays a major role in overseeing and coordinating the whole
bioinformatics capacities of the research centre by providing technical advices
regarding how bioinformatics can be used to support and advances scientific
researches. This requires as well taking care of associated information technology

aspects and informatics infrastructures.

The growth of scientific data and the resulting technical challenges

One of the main bioinformatics’ applications is the management of data
generated from biological studies as are chemo-informatics and physico-informatics
used for chemistry or physics data management. Indeed knowledge and data
management is a general concern in many areas and particularly in science whether in
biology, physics or other scientific disciplines. It implies adapted policy for
production, dissemination, accessibility and use of information. Scientific data
collected represent the primary source for scientific research. It has the particularity of
being complex, incomplete, error-prone and in very high-demand for variety of
applications requiring high performance informatics platform to support collection,
curation, collaboration, exploration, and analysis of massive datasets. Indeed new
technologies are creating large amount of data that requires efficient and adapted IT
systems to be managed. In 2005, Jim Gray estimated in his report on global “scientific
data management in the coming decade” that data volumes would approximately
double each year ([24] - Gray et al., 2005), which was even an under-estimation for
some areas.

Indeed, genomics in particular has become a “Big Data” science with the rise
of NGS. Big data is defined as any voluminous amount of structured, semi-structured
and unstructured data that has the potential to be mined for information. Big data is
characterized by its large volume which cannot be handled by standard database

management systems, as well as its velocity (high speed of data flow, change and
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processing) and variety (generated by different sources). The FEuropean
Bioinformatics Institute (EBI) in Hinxton, United Kingdom (UK), part of the
European Molecular Biology Laboratory (EMBL) and one of the world's largest
biology-data repositories, used to store 2 petabytes (1o® bytes) of genomic data in

2012, a number that is actually exponentially growing (Figure 3).

DATA EXPLOSION

The amount of genetic sequencing data stored
at the European Bioinformatics Institute takes
less than a year to double in size,
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Figure 3: Growth of genetic sequencing data stored at EBI ([25] - EMBL -

European Bioinformatics Institute, 2013).

Following the increase in sequencing instrument capacity from 10* kilo-
basepairs (kbp) output per run in 2001 to more than 10" kbp in 2010 ([26] - Mardis,
2011), genomic data is predicted to take in 10 years’ time the lead as the biggest data
provider domain in the world creating more digital information than astronomy,
particle physics and even popular Internet sites like Youtube ([27] - Stephens et al.,
2015). 2.5 million plant and animal genomes are expected to be sequenced by 2025
because of the promise of genomic medicine to revolutionize the diagnosis and
treatment of disease encouraging countries to sequencing large portions of their
populations like England ([28]) or Saudi Arabia ([29]) which have announced plans to
sequence 100,000 of their citizens. Also one-third of Iceland’s 320,000 citizens have
donated blood for genetic testing ([30] - Sulem et al., 2015), and researchers in both
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the United States (US) ([31] - Kaiser, 2015) and China ([32] - Zhu, 2012) aim to

sequence 1 million genomes in the next few years (Figure 4).
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Figure 4: Growth of DNA sequencing (from ([27] - Stephens et al., 2015). “The plot
shows the growth of DNA sequencing both in the total number of human genomes
sequenced (left axis) as well as the worldwide annual sequencing capacity (right axis:
Tera-basepairs (Tbp), Peta-basepairs (Pbp), Exa-basepairs (Ebp), Zetta-basepairs
(Zbps)). The values through 2015 are based on the historical publication record, with
selected milestones in sequencing (first Sanger through first PacBio human genome
published) as well as three exemplar projects using large-scale sequencing: the 1000
Genomes Project, aggregating hundreds of human genomes by 2012; The Cancer
Genome Atlas (TCGA), aggregating over several thousand tumor/normal genome
pairs; and the Exome Aggregation Consortium (ExAC), aggregating over 60,000
human exomes. The values beyond 2015 represent our projection under three possible

growth curves as described in the main text”.

Technological advances and instruments accuracy have also increased data
quality. In order to take benefit from this amount of better quality data, the challenge
is to build smart tools that unlock the data and make it easy to capture, organize,

analyse, visualize and disseminate to the scientific community. Indeed, in front of the
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exponential growth of these data, managing the data and its metadata (descriptive
information about the data and how it was generated) is challenging especially
because biological data is complex, being collected from many places and in many
different formats while requiring to be integrated from the different data sources.
Indeed the Omics-Maps catalogue of all known sequencing instruments in the world
([33]) reports that there are currently more than 2,500 high-throughput instruments,
manufactured by several different companies, located in nearly 1,000 sequencing
centres in 55 countries in universities, hospitals, and other research laboratories ([27] -
Stephens et al., 2015). Tracking the provenance and relationships of data is therefore
also essential since biological discovery depends, to a large extent, on the presence of
a clean, up-to-date and well-organised dataset ([34] - Koh et al., 2004). Appropriate
management throughout the processing of data would allow gaining full value from
these ‘big data’. After acquisition, there is a challenging multi-step process starting
with information extraction and cleaning, continuing with integration and aggregation
up to analysis, interpretation and deployment ([35] - Jagadish et al., 2014).

GCS and more broadly IARC but any research institutes are generating a lot of
scientific data of diverse nature. In my thesis, I will explain how we developed IT
systems to manage these data while enabling traceability of the origin and production
process as well as storage of meta-data and annotations to reach high level quality

data as informative as possible.

Large sample size and high throughput challenges

The management of laboratory information is especially important when like
GCS working with large sample size in high-throughput studies generating these big
data. Knowing accurate details on how it was generated, from which sample with
which features, using which technique and which reagents is essential for its
exploitation and analyses to be able to take benefit of the potential of these (big) data.
Indeed, the increase in instruments’ capacity and throughput has enabled conduction
of very large studies. As an example, ([1] - Wang et al., 2014) genotyped 10,246 cases
and 38,295 controls to search for rare variants in BRCA2 and CHEK?2 affecting risk
of lung cancer. As another example, The Breast Cancer Association Consortium

(BCAC) combines data from many studies to identify genes that may be related to the
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risk of breast cancer. The BCAC recently identified so FGFR2 as susceptibility gene
for breast cancer using 53,835 cases and 50,156 controls from 49 different studies
([36] - Agarwal et al., 2014). This requires as well appropriate tools to follow each
case and each control through their analysis, store all the data and be able to export it

in standards formats enabling further combined analyses.

Existing scientific data management systems and approaches

Scientific data management has traditionally been performed using file
systems and later on databases systems which have progressed to provide powerful
data definition tools and associated research capacities ([24] - Gray et al., 2005).
Currently, biological data management is largely conducted within specialized
bioinformatics databases (warehouses) which aimed at containing cleaned information
with detailed annotations (such as functional and structural properties, expert-enriched
information like in GenBank ([37]) or UniProt ([38])) and integrate data from
multiple sources as well as searches and analysis tools, qualities essential for the in-
depth study of the relevant data ([34] - Koh et al., 2004).

Traditional database management system (DBMS) has its shortcomings such
as long data loading and retrieving time and lack important features to meet the needs
of increasingly data rich sciences ([39] - Cudre-Mauroux et al., 2009). The problems
that bioinformatics now faces regarding the management of large volumes of data
have been faced by other scientific disciplines. The DBMS community has indeed
been working on large science databases for years building prototypes such as
Sequoia 2000 for earth science (with Postgres ([40] - Dozier et al., 1994)) or the
MonetDB extended and used for the Sloan Digital Sky Survey warehouse ([41])
giving the general public and the astronomers access to partial map of the universe
(116TB from latest release in July 2014). This transformed their work from field-
based to computer-based work ([42] - Ivanova et al., 2007). Biology is on its way to
follow the same tendency.

Still these DBMS cannot efficiently handle extremely large data (such as the
petabytes produced each year in astronomy by telescopes). “Big data is any data
whose scale, complexity and diversity require new architecture, techniques,

algorithms and analytics to manage it as well as to extract value and hidden
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knowledge from it” ([43] - Kim, 2015). Thus other novel high performance solutions
based on multi-dimensional nested-array model are being explored in the multi-
institution SciDB project ([44]) which aims to develop an open-source data
management platform for various data-intensive scientific applications, including
astronomy and computational biology ([39] - Cudre-Mauroux et al., 2009). For
instance, version 1 has been successfully used for the Large Synoptic Survey
Telescope (LSST ([45])) generating 15 TB of raw images every observing night with
a growing rate for whole data of 15 PetaBytes/year ([46] - Kantor et al., 2006).

Also to overcome the data scale issue, distributed storage and distributed
processing of very large data sets on computer clusters are another type of solution.
As an example Doug Cutting has created Hadoop an open-source software framework
based on distribution to allow fast processing ([47]). Yahoo and Facebook are
handling their large amount of data with Hadoop clusters.

Finally scientists whether from big research centres with already powerful IT
resources or smaller institutes are investigating an emerging technology known as
cloud computing based on grid computing which combine different computer
resources hosted in different places. Genome databases from Ensembl ([15]),
GenBank ([37]) and data from the 1000 Genomes Project, TCGA, International
Cancer Genome Consortium (ICGC) are accessible via clouds ([48] - Baker, 2010).
Bioinformaticians have turned their attention to writing software that can analyse
genomic data directly on clouds. Nevertheless transferring data between institutes and
clouds is problematic, networks being quickly saturated with large amount of data
([49] - Marx, 2013). In addition, confidentiality issues have to be considered.
Scientists should ethically and legally fulfil their obligations to protect the privacy of

human subjects if data are housed by a third party.

To summarize, there are different possible solutions for data management in
fields like genomics where amounts of data are growing while requiring movements,
reformatting and integration for advanced analytics. Neither unique conventional
relational database management system nor Hadoop-based systems readily meet all
the workflow, data management and analytical requirements. We will explore in this
thesis the possibility to have several data management systems such as ELN, LIMS
and sample management systems dedicated to specific types of laboratory information

and communicating together for a global information management approach.

30



Because relational databases based-tools showed their ability in many
domains, we worked on the development of three different web-interfaced database
tools for three laboratory specific applications and their integration associated with
best practice working guidelines on how, when and for which purpose to use which

tool in order to know where to store and find which data.
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Aim of the thesis

Evolution and modernisation of laboratory science through sophisticated and
connected instruments has led to an increasing amount of data and especially
electronic data. They also brought new complex laboratory workflows and enable
higher throughput by increasing the capacity of the instruments and reducing the cost
of the experiments ([50] - Studt, 2014). This requires therefore strict and careful
follow-up of the laboratory work. The increase of the throughput favoured in parallel
the setup of larger samples collections for which information needs as well to be
stored efficiently. Following these progresses and advances in technologies, IARC
and GCS in particular, are concerned by the challenge of finding solutions for
appropriate IT management of all these data and the associated meta-data. The latter
are often unavailable in science because not kept together in secured systems but left
on paper notes, personal computers of unlinked files.

The overall aim of my thesis was therefore to develop bioinformatics tools to
facilitate the laboratory activities and improve the traditional information
management within the research centre. To achieve this aim, I have worked closely
with researchers to implement tools to track samples, experiments and results
essential for management of large-scale studies. The three specific aims of my thesis

work are detailed below.

Aim 1: Development of an Electronic Laboratory Notebook

A decade ago, the relatively limited scale of research made it easy and
practical for scientists to detail the laboratory and analytical processes in conventional
paper laboratory notebooks (PLN) and when problem arose, consulting the relevant
procedure, protocol, and reagents’ lot numbers could solve the problem. This was
dependent on the researchers’ ability to record, extract and assemble the notebooks
information. The PLN has been around for many years and, despite its compelling
value, has its limitations. Like all manual systems, finding relevant information
efficiently and sharing it is difficult and challenging.

In line with TARC’s mission to provide leadership in cancer research and
cutting-edge tools, we thus explored the possibility of using a modern electronic

laboratory notebook (ELN). This kind of tool appeared recently to follow the
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technology and communication advances and is nowadays more and more used by
organizations in medicine, research, industry and education to store, share and search
for information ([51] - Nussbeck et al., 2014). The first task of my thesis project has
consisted in developing an open-source ELN for IARC to replace the paper notebook
while providing a tool adapted to a large variety of research activities from laboratory
to epidemiology through bioinformatics and enabling complex user permissions
management required by large institutes with different research groups working on

collaborative projects. This work is detailed in Chapter 1.

Aim 2: Development of a Laboratory Information Management System

Specifically in genomic platforms, the setup of modern and rapidly evolving
and laboratory technologies brought new complex multi-step laboratory procedures
for which automation was required to enable high-throughput applications of these
methods to the large bio-repositories housed within IARC. Especially for next
generation sequencing technologies workflows which include many variable, optional
and sensitive stages for samples’ preparations, there is the need to keep track of each
manipulation of each sample with the reagents’ lot numbers used at each step in a safe
and secure environment. For this, a second aspect of my thesis work has consisted in
developing the Laboratory Information Management System (LIMS) described in
Chapter 2 including follow-up of laboratory processes but also some information on
the analyses performed. I will particularly emphasize on the importance of the tool’s

design for a powerful management of modern laboratories.

Aim 3: Development of a Sample Management System for IARC Biobank

Like many large biobanks, IARC biobank groups samples from numerous and
various collections that are available for the researches of the institute’s scientists.
The collections used to be managed in individual tools from Excel sample sheets to
small Access databases disseminated in several places leading to a lack of global
visibility of the biobank resources. Several recent large-scale research projects have
increased the number and variety of samples to be handled and archived in the
Agency’s biobank. This exponential growth has required the set-up of strict
procedures and of a computerized tool to manage the storage, the use and the
movements of samples. We therefore developed a SAmple Management system for

IARC biobank (SAMI) aimed at hosting all IARC samples collections’ basic
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epidemiologic and location data. We took care of designing an open-source tool that
could be used for management of any type of biobank. This system is presented in

Chapter 3.

Finally, I have proposed solutions to minimize the work load needed to feed
these different tools by setting up connections between them. The aim was to facilitate
the daily tasks of the laboratory technicians and scientists in charge of the different
projects by trying to avoid duplication of information recording and improve

information search.
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Chapter I - The IARC Electronic Laboratory Notebook (ELN)
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I] 1. Introduction

I] 1.1 Definition and background

Paper laboratory notebooks (PLNs)

IARC has established the use of official laboratory notebooks like most
scientific institutions following research best practice rules ([52] - Kanares, 1985).
The first diary-style notebook found was Leonardo Da Vinci’s who wrote down his
experiments among which those on combustions 500 years ago. Since then most
scientists among whom Faraday, Darwin, Einstein but also technicians and students
have been recording more or less carefully their experiments in paper notebooks ([53]
- Bird et al., 2013). These laboratory notebooks intended to document research,
experiments and procedures performed in the laboratory or field studies, remain
crucial and essential to the activities of the research community.

Indeed they provide a permanent record of the daily research work and
scientific investigations from the initial phases to conclusions by tracing and
preserving the experimental data and observations for future references. They assist
future researchers with the understanding, the interpretation and the reproduction of
experimental findings and therefore are a valuable resource for writing a scientific
article, a report or a thesis. They can also be referred to in patent prosecution or
intellectual property litigation as written evidence of ideas and inventions because
they are legal documents dated and signed as they act as legally certified records of

what was done, when, by whom and how.

Though the guidelines vary between institutions, the use of laboratory
notebook follows general rules adopted by the entire scientific community regarding
the format and expected content ([54] - Ryan, 2015). All data must be recorded in
chronological order with the date of entry and should be recorded in ink (no pencil or
felt-tip pens should be used). The records should be clear and accurate and should
reflect the work progress. They should be concise and give sufficient details so that
any associates can reconstruct and/or repeat the experiments. They should

systematically record every aspect of their research including negative results and
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nothing should be erased. The more information is provided, the easier and faster
difficulties can be overcome. Laboratory notebooks are therefore important written

records of knowledge, experience and observations for scientific organizations.

PLNs at the IARC

At the IARC, the paper notebooks were provided to the newcomers by the
administration staff that assigned a tracking number, date of issue and signed its first
page. The scientists receiving notebook were also required to sign on the first page
and to follow the instructions contained in the preface. The information on the
notebook including tracking number, user name, research group and date were
recorded in a small database. When a notebook was completed or when a user left the
agency, the notebook was inspected, signed and dated by the supervisor and either
kept in the respective laboratory if still needed or archived in the anti-fire strongroom.
The database was then updated with projects names and keywords to facilitate later
searching.

The content of paper notebooks generally fitted the following structure:

- First page with instructions and rules of use (Figure 5)

- o page with notebook number, notebook owner, research group, dates,
project, keywords, dates and signatures

- 3" and 4" pages with the table of contents (TOC) containing the list of
experiments with their title, their date and the corresponding pages. An introduction
may also be included before the first lab records as well as a list of abbreviations
containing common laboratory terminology.

- Records of the daily laboratory ideally with objective, material and method,
results, conclusion.

- The content of the PLN may also be summarized in the last page.

The pages are numbered and it is forbidden to tear any page or erase any

content. Corrections are allowed but following specific rules (Figure 5).

38



ORGANISATION MONDIALE

WORLD HEALTH
DE LA SANTE

ORGANIZATION

CENTRE INTERNATIONAL DE RECHERCHE SUR LE CANCER
INTERNATIONAL AGENCY FOR RESEARCH ON CANCER -

LABORATORY NOTEBOOK INSTRUCTIONS

PURPOSE The primary purpose of this laboratory notebook is to provide a permanent
record of your research effort at IARC. The records contained herein are the exclusive
property of IARC. Photocopies can be made for your own records.

ISSUE When the administration provides you with a new, numbered IARC Laboratory
Notebook, you will be asked to fill in your name, Unit and signature where indicated on
" page 1. He or she will then sign and date on the following line and enter this information

into a archival data base for future reference.

RESPONSABILITY From this point, the notebook is your responsibility. Keep your
notebook in a safe place. In case of damage, loss or a missing notebook, notify your
supervisor at once. Notebooks should not be removed from the IARC premises without

permission.

DATA ENTRY Data should be entered in either English or French. Laboratory records
should be clear, concise and in sufficient detail so that any of your associates can
reconstruct and/or repeat the experiment. Records should be chronological, accurate
entries of your research work as you progress. Data entries should be dated on the day of
entry (e.g. 20/May/1997). Pages are numbered; never tear out a page.

All entries should be recorded legibly and directly into the laboratory notebook in ink. Do
not use pencil or felt-tip pens. Avoid writing on loose pieces of paper - use the laboratory
notebook instead. Photos, computer-generated charts or tables and other materials
should be permanently pasted into the notebook. Calculations made using a computer
program (e.g. statistical software or spread-sheets) should be well documented.

CORRECTIONS Do not erase. Do not use white-out. For corrections in data entries, a
single line should be drawn through the entry such that the original is not obliterated. The
correction should be entered next to the cross-out, initialed and dated. A reason for the
correction should be noted as appropriate. Entries should not be changed at a later date;
make a new entry, pointing out any change. If a page has not been entirely filled, draw a
diagonal line across the unused portion of the page.

TABLE OF CONTENTS Reserve page 2 for a Table of Contents.

ARCHIVAL The Laboratory Notebook should be returned to the administration for
archival storage upon termination of employment with IARC, or sooner if the notebook is
no longer needed. Before returning the notebook, have your supervisor or Unit Chief sign
and date it on page 1. The information on this page, including project, key words and the
inclusive dates for the data found in the notebook, will be entered into an archival data

base to facilitate searching.

Figure 5: IARC PLN Instructions for scientists performing experimental work.
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The past decade has seen a progressive modernization of the laboratories with
arrival of high-throughput platforms like NGS and microarrays generating more and
more electronic data which printing and pasting into the paper notebooks became
impractical. Computers are now ubiquitous in science and technology. They control
most instruments, enable us to capture, analyse, and annotate our data through in-
silico tools ([53] - Bird et al., 2013).

These new technologies may help to facilitate daily laboratory work and prove
potentially more efficient manners of communication and data sharing. We therefore

explored the possibility of using electronic notebooks at the Agency.

Electronic laboratory notebooks (ELNSs)

ELNs are software or “systems to create, store, retrieve and share fully
electronic records in ways that meet all legal, regulatory, technical and scientific
requirements; records being collections of information or data associated with an
experiment to enable a suitably skilled person to repeat it”. (*Definition from the
“Collaborative Electronic Notebook Systems Association (CENSA) - ([55] -
Lysakowski, 1997). It has a functioning equivalent of a paper notebook, but in a more
advanced and efficient way by providing added value that will be detailed in this
chapter.

In order to develop the most appropriate solution, at least as robust and
scientifically sound as the paper notebook, we defined very precise and mandatory
specifications in collaboration with IARC laboratory steering committee which is in
charge of overseeing all Agency’s laboratory activities and which discussed and
reviewed the critical requirements for the ELN. While designed for IARC scientists’
needs, we also attempted to keep the tool as open as possible to allow its application

in any other research institutes.

I] 1.2 Specifications

The requirements for development of ELNs consist in integrating all the

features existing in the paper-based laboratory notebooks together with additional
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functionalities to enable easy and intuitive navigation and improve information search
capacities upon the notebooks ([56] - Wright, 2009).

With this in mind, the following specifications were defined in order to be able
to evaluate different options and guide us through the best solution for the
development, whether it was more appropriate to design a new tool or to modify an

existing tool to adapt it to our research centre’s needs.

a) General specifications

The main objectives of the ELN are:

- to record experimental data in a flexible way through a common platform
suitable to the various research activities of the institute while maintaining the
rigorous scientific practices required for day-to-day note keeping (traceability of each

single modification), all within a highly secure environment

- to improve laboratory efficiency and work productivity by facilitating
protocol and data sharing, record keeping, particularly in terms of limiting repetitive

laboratory tests or optimizations

b) Mandatory requirements

The ELN should:

- be free and open-source to follow Agency’s willingness to encourage use,
development and sharing of open access tools;

- be web-based requiring no installation of software on user's computer
(therefore accessible from anywhere in the offices or laboratories as soon as users
have a connection to the network);

- enable easy reading of the web interface that should be as simple as possible
and understandable by non-IT people (meaning including a basic editor for formatting
of the text like underlining or highlighting);

- enable insertion and visualisation of tables, various types of images

(screenshots, plots), hyperlinks, audio and video clips;
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- enable attachment of documents containing experimental results or outputs
from scientific instruments to provide a link between the laboratory records and the
data produced or the data outputs;

- provide efficient means by which to search for archived material (search for
keywords in all the notebooks the users has access to (cf. management of users’
permissions);

- enable the users to decide how to fill the notebooks: either one page per day
or one page per experiment. Both possibilities should be available. In the same way
the users should be able to sort the pages of their notebook by title or date;

- enable the users to own different types of notebooks: personal notebooks
specific to one user and shared ones specific to a project or to maintenance of specific
instruments (with easy distinction between the different types of notebooks);

- generate automatically a table of contents containing titles assigned to each
page, author’s identification as well as date of publication;

- provide a pre-defined template to use to format each page with (i) a title
shortly describing the experiment to help tracking it through the table of contents (ii)
an objective, (iii) the material and methods (iv) the results, discussions and conclusion
whenever appropriate (v) attached documents or links to related documents (vi)
references whenever appropriate (templates should be available within the editing tool
and should not be mandatory);

- have the same scientific and juridical value as paper notebook which means
complying with research best practice rules by:

- enabling storage of all modifications with userstamp and timestamp;

- providing long-term and secure storage in basic electronic format
with correct and appropriate back up so that there is no risk to lose any
data;

- provide support to collaboration by facilitating communication among
scientists in different geographic locations for joint experiments and research
programs (eliminate physical barriers to sharing information);

- last but not least - the most important feature of the ELN - manage user
permissions: each notebook should be writable and readable by only specific selected
users. There can be one (personal notebooks) or more editors (notebooks dedicated to

specific projects or instruments).
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c) Other optional requirements

Ideally the ELN should also permit:

- numbering of pages to ensure no page is removed;

- to help the user to fill correctly his notebook (i.e.: material used,
conclusion), spelling check;

- auto-completion for long name of molecules or reagents (inclusion of
dictionary);

- its potential use with smartphones and tablets although these device have
not yet entered our laboratory. It should be compatible with the largest

possible number of different browsers.

To summarize, for wide adoption of the ELN by staff, the tool should be
beneficial in terms of time saving compared to the PLN by simplifying the data
recording, improving data search, storage and backup as well as helping sharing
valuable knowledge like protocols or laboratory inventories among users at any time

and from everywhere with safe and secured accesses.
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I] 2.Tool installation, configuration and developments

We performed a state-of-the-art review of free and open-access existing tools
that had either been implemented in other institutes or that could be used to build on
our ELN. We also looked at the main functionalities that the large number of
commercial tools provide especially in “A review of electronic laboratory notebooks
available in the market today” ([57] - Rubacha et al., 2011). The number and variety
of solutions have increased with the growing interest from both research and routines
laboratories making the selection of the right notebook a cumbersome and
complicated process. Some of the existing solutions are for specific applications area
such as biology (Studylog Systems from Studylog ([58]) or Gene Inspector from
Textco BioSoftware ([59])) or chemistry (i.e. Benchware Notebook from
Tripos/Certara ([60])). Others are tailored to research and development (i.e.
NoteBookMaker from NoteBookMaker ([61]) or Agilent ELN/Kalabie ELN from
Agilent Technologies ([62])) or designed to meet quality assurance and quality
control needs (Nexxis ELN from PerkinElmer-Labtronics ([63]) or SmartLab from
SoftGroup-VelQuest ([64])). Many include laboratory workflow management making
them looking like small LIMS but only a few are multi-disciplinary and generic (E-
Notebook from PerkinElmer/CambridgeSoft ([65]) or E-WorkBook from IDBS
([661)).

For our project, we did not consider commercial tools for three main reasons:
(1) they are not flexible enough in terms of adaptation to specific needs to specialized
scientific institutes such as IARC (ii)) we wanted to stay independent from any
company for future developments and modifications, commercial tools being mostly
black boxes for which we cannot have a full understanding of their programming code
which would prevent us from performing ourselves customizations (iii) we had the
internal human resources and expertise that could be dedicated to the development of
the tool.

During our state-of-the-art review, we found only a few freely available tools,
which we explored. Most of them did not allow the management of several users with
setup of precise access permissions or were already obsolete providing no support
and/or not updated since several years (ORNL Electronic Notebook ([67]); CyNote
([68]); The Monster Journal ([69]); Electronic Laboratory Notebook ([70]); LabBook
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([71])) — Cf. Appendix 1. As these two features (the possibility to setup very precise
access permissions for multi-users and the support) were crucial ones for us, we
excluded these tools and did not further investigate them.

Nevertheless, two tools upon which an ELN could be developed appeared
suitable to suit our needs: WordPress ([72]) and Drupal (“MyLabBook™ ([73])), both
being Content Management Systems (CMS) — open source publishing software,
modern and with a large number of developers and users around the world. We
favoured WordPress for the following reasons:

- Written in PHP (a server side scripting language designed for web
development but also used as software programming language) and based
on a MySQL database (the most widely used open-source relational
database management system), it was well known in-house and used for
other projects, which was not the case of Drupal;

- WordPress has a strong basement while providing freedom in evolution
and modifications; It is indeed easy to design and to customize and quite
friendly for both developers and users;

- It is mostly used as ‘blog generator’ but its functionalities enable
management of any type of website - Many of the functionalities needed
for our ELN were already available in WordPress implying flexibility
which is an important consideration for our ELN;

- The WordPress developers’ community is very active. It is a modern and
well-adopted CMS. A lot of plugins (software components that adds a
specific feature to an existing software application enabling customization)
exist for a multitude of functionalities. It is a living system with regular

updates and bug corrections.

We evaluated further WordPress adaptability for the setup of our ELN through
the study of its basic features and functionalities as well as the existing plugins and
their associated documentation. We came to the conclusion that WordPress was
flexible enough to be modified to cover all our requirements and especially the critical
management of multi-user’s permissions with tight access controls. All these

developments are described in the following paragraphs.
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I] 2.1 Implementation

Strategy

We set up two instances of WordPress and thus of the ELN: one for test and
one for production. This implementation strategy enables to do new developments and
perform updates or upgrades on the test environment without any risk of disturbing
users working on the production environment, losing data or even crashing the
system. Once the tests on the development environment are validated, the

modifications are reproduced on the production environment.

Hardware requirements

The system requires minimal IT and memory resources which make it largely
implementable in small laboratories. This was an important aspect regarding its
availability as open-source tool ensuring that all users could install it.

Indeed we deployed WordPress on a LAMP server that hosts both the web
application and the database. The operating system is a Linux Ubuntu 8.04.4 LTS
(free and open-source operating system) including Apache 2.2.8 (the world most
widely used and multi-platform web server software), MySQL 5.0.51a and PHP 5.2.4
which are the only requirements for the installation as it does not need an expensive
powerful machine to run. Our server has an Intel Xeon CPU at 2.53 GHz, 4 GB of
RAM and a hard disk of 100 GB. The tool in itself is only around 200 MB.

The number of users and the way of using the ELN - writing a lot of text or
attaching a lot of files - are determining the growth of the associated database as well
as the upload directory and therefore enable to evaluate the disk space necessary in
long-term perspectives. As an example after two years of use with creation of 5000
pages, our ELN database content remains minimal, with storage in the order of 600

MB and attached documents in the order of 5 GB.
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Configuration

After installation of both WordPress and the database instance, the
configuration was done in a file (wp-config.php) which specifies the MySQL database
name used to store the users’ information, pages, the administrator name(s) and
password(s), the address of the database server and some keys.

Once these settings are specified, the interface theme, logo and home page can
be customized along the lines of the research centers’ corporate designs using CSS

(Cascading Style Sheets).

All the developments to set up the ELN have been done through one of the
four following means:

- modification of WordPress native code. This required studying carefully the
system to have a comprehensive understanding of the coding and find the proper PHP
files to modify in the core of WordPress. We limited these customizations to
minimize the time spent on this at each update of WordPress. It concerned authorized
MIME types, maximum upload file size and disablement of the uncategorized posts.

- installation of original plugins: mandatory ones to have an appropriate
functioning of the ELN (Category Reminder, Collapsing Categories, Login
Configurator, Role Scoper, WP-PageNavi) as well as useful but not crucial ones
(CKEditor, My Link Order, Post2PDF Converter, Post Notification, Post revision
display, Search By Category, WP-Print, WP Favorite Posts) and finally completely
optional ones (Clean WP Dashboard, CSS Column, Dynamic to Top, Last Updated
Posts Widget, ThreeWP Activity Monitor, WassUp Real Time Analytics).

For this, we searched, selected and installed more than one hundred of plugins
through a process of trial and error until finding the most adapted ones.

- creation of a specific IARC plugin for some features that were not available
through any plugin.

- modification of existing plugins.

All these configurations and codes are detailed in the supplementary data of

our article published in Bioinformatics ([74] - Voegele et al., 2013).
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I] 2.2 Transposition of WordPress model into ELN model

The correspondence between the WordPress terminology and the laboratory
notebook has been defined as following:

- WordPress “Users” are any ELN users (laboratory technicians and
scientists). Users can belong to several groups of users.

- WordPress “categories” correspond to notebooks or groups of notebooks.

- The WordPress term “post” designates the page of the notebooks.

- The WordPress term “page” is kept for static website pages.

- WordPress “comments” are users’ annotations or comments added to the
pages.

- WordPress “Media” are files related to the laboratory activities such as
instruments images or documents.

- WordPress “Links” are links to ELN menus, ELN pages or other web
pages.

I] 2.3 Management of users’ permissions and administration

An important concern regarding ELNs is which data a particular user or group
of users is able to access whether in reading or in writing. It is defined by what we
call users’ “permissions”’. The management of these permissions with specific access
rules to selected notebooks or groups of notebooks was a crucial step since enabling
to have one single tool for the whole research centre. The ability to specify very
precisely multi-users data accesses based on permissions is a feature which could not

be found in any of the open-source ELN available to the scientific community.

Set up of users’ permissions

Users’ and groups of users’ permissions are managed through WordPress
administrators’ dashboard by the plugin “Role Scoper”. When a new user is created, it
is possible to assign the user to one or more groups. The permissions can be defined at
the user level or for an entire group and for a specific notebook or for a group of
notebooks that we called workspaces, using the option “assign for selected and sub-
categories”. They correspond to roles which can be specified very precisely: “Post

reader” or “Post author” (Figure 6).
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Figure 6: Example of definition of read and write permissions on a

workspace and notebook.
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The figure shows the different levels of permissions: GCS group workspace is
readable by user “alteyrac” and the 3 groups: “ELN Supervisor”, “GCS group” and
“GCS trainees”. Then the specific research assistant’s workspace and notebook
“Protocol” are readable by the groups “ELN Supervisor”, “GCS group” and “GCS

trainees” and writable only by the research assistant himself.

Read and write accesses to the ELN were oriented around the following rules

after discussion with the Laboratory Steering Committee’s scientists:

the control of the attribution of the ELN and of reading/writing access

limitations is defined by the persons responsible for the oversight of the

laboratories in agreement with the user’s supervisor. For notebooks shared
between scientific groups, the permissions are defined jointly by the
involved responsible scientists.

- two administrators of the system are responsible for its maintenance and
for providing password-protected access to all users.

- as for the paper notebook a person representing laboratory services
management carries out regular checks of the notebooks to confirm
compliance with the IARC Standard Operating Procedures (SOP)
regarding ELN work practise.

- 3 ELN workspaces are available for each group of users:

* ELN group: dedicated to personal notebooks. It contains one sub-
workspace for each member of the group which hosts one or more notebooks
(for example one user can have one notebook per project).

The usual permissions are read-only access for all group members on
all notebooks and writing access on sub-workspaces only for the owner of the
sub-workspace.

* ELN share: This workspace contains notebooks with specific user
access, for instruments, robots, shared projects between different users.
Writing can be done by all authorised users, from the same group or from
different groups.

* ELN archives: This workspace contains all closed archived

notebooks from students or staff members who have left IARC or from

finished projects.
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The usual permissions are: read-only access for all group members, no

write access by anyone (Figure 7).

User 1's Notebook 1-1 ‘ User 1 W _

Research Grouns Personal Motebooks
“A” group User 1's Notebook1-2 ‘ User 1 W _
User 2's Notebook2-1 ‘ User 2 W _

Shared Motshooks
Instrument 1 | AT W _

“A" share
Project 2 l Users 1, 4 W

.‘"/
(e |
\

\ User 4 cannot be part of "A" group

User 3's Notebook3-1 -
User 4's Notebook4-1 -

Archived Maotebooks

‘1’ “A” archives

\

Write permission (W) |

Figure 7: Hierarchical diagram of precisely defined ELN permissions. The research
center includes several research groups which have 3 types of notebooks: (i) personal
ones writable by each owner and readable by the group, (ii) shared ones: some
writable and readable by all members of the group (Instrument 1 and Project 1) and
some writable and readable by only a few specific members of the group (Project2);

(iii) archived ones: no more writable but readable by all the members of the group.

The permission to comment is linked to the read access. A basic rule of
WordPress implies that anyone who is allowed to read a page can comment on it. This
was not an issue for the ELN since the original content of the pages is not affected,
comments being completely “separated”. Anyone trying to access a notebook which
he/she is not allowed to see — for example by typing an URL manually — will be

returned an error message.
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Quality controls of the ELLNs

Proper use of the ELN being a key component for its value, functionality was
added for storage of information on the controls done by the staff members in charge
of checking the quality of the users’ inputs in the ELN to ensure appropriate usage.

For the tracking of these inspections, we developed our own plugin: “iarc-
forms” and created a new table “IARC_FORMS” in the database containing the
notebook ID (category ID), the date of issue, date of checking, date of archival and
remark.

The plugin is made up of different functions enabling the storage, querying
and display of the notebooks’ checks’ information:

-getNotebooks: SQL query (structured query language designed for managing
data held in a relational database management system) for the “Search by Notebook’
to get information restricted to the ones belonging to users in the laboratory staff
group. It returns the owner names, and notebook title;

-getAuthors: SQL query to give the list of authors of unique personal
notebooks (which have only one author). It returns the first name, last name, user ID
and group name;

-getDetails_callback: gives details of the notebook to be displayed in the
form: category_name, firstname, lastname, group, min_post_date (date of first entry),
max_post_date (date of last entry);

-getEnteredInfos_callback: returns the information on notebooks already
entered in the table wp_iarc_forms in order to pre-fill the form (date_of_issue,
date_of_checking, date_of_archival and remark);

-submitFormPhp_callback: ~ launches the update of the table
WP_IARC_FORMS;

-getNotebooksTable: returns all the notebooks having only one author with
information of checking (table “WP_IARC_FORMS”);

-displayIARCForms: main function that redirects to the display of the form or
the table depending on the choice (parameter);

-displayNotebooksTable: main function displaying the table of notebooks;

-displayNotebooksForm: main function displaying the form for updating the

information on notebooks’ checks.
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Archival of the ELNs

For long-term management, notebooks are archived at departure of staff
members or students. A notebook can also be closed upon request to the
administrators: for example at the end of a project or when a notebook is becoming
too large to navigate easily into its table of contents. The administrator will remove
any ‘write’ permissions on these archived notebooks. Users will still be allowed to
consult them if they were allowed before the archival, but no one will be authorized to

modify them anymore. Commenting the archived notebooks will remain possible.
The management of users’ permissions from arrival to departure of a staff

member as described here enables a safe use of the ELN and contributes to the overall

security of the system, security which will be detailed in the following paragraph.
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I] 3. Results: IARC ELN tool

Within this section I present how we managed to fulfil all the requirements
and rules of a PLN providing additional features like storage of electronic data and

easy sharing thanks to our ELN.

I] 3.1 Login

The developed tool is entirely web-based and therefore accessible from any
“web-device” (Windows or Macintosh PCs, tablets and smartphones) connected to the
internal network making it available in both laboratories and offices but also outside
the Agency via Virtual Private Network (VPN). The access is controlled by personal

login and password (Figure 8).

International Agency for Research on Cancer

725 World Health
&% Organization

Welcome to IARC Electronic Notebook
The Electronic Laboratory Notebook (ELN), designed first to replace the Paper
Laboratory Notebook, is also an easy and useful way to keep notes of your daily work
whether it's laboratory related or not. Backed up, it is adapted to everyone: biologist,
epidemioclogist or statistician, and is an easy way to share secure information with
specific colleagues.

In case you are interested and wish more information, or an ELN access, please
contact eln@iarc fr or read this memo.

Username

Password

[] Remember Me

Lost your password?

«— Back to IARC Electronic Laboratory Notebook

Figure 8: Screenshot of ELN login interface requiring username and password.
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I] 3.2 Menus and main features

a) A user-friendly interface

Our aim was to develop an interface adapted to all users irrespective of their
informatics skills. This involved facilitating the use and intuitive entry of information
while not deviating from the ideals and usage of PLN which are the keys for wide
acceptance of the ELN in the scientific community.

Figure 9 shows the welcome page which we have designed with clear menus
on top, left and right sides containing quick access links to useful information to guide

users through the recording of data.

User Guldel#dvﬁnced Search | Favorite Posts ISuggEsths-’ldeasIELI\I Instructions I

1 2 3 4 5 6
IARC Electronic Laboratory Notebook

Your research anywhere, anytime

é@“‘\
\ S

Notebooks 7 Management

¥ Demo

Add a page
» Notebook demo

Welcome Manage your drafts
Manage your annotations
Ask for @ new notebook
Edit your profile

Subscribe to Posts

@ 8 Welcome to your ELN environment! Log out
m The IARC Electronic (Laboratory) Notebook is an easy way te share secure information with your colleagues. This project is
a team wark between ITS and GCS, the ELN having been developed and implemented by Lucile Alteyrac and Baptiste =
Bouchereau for ITS, and Catherine Voegele and Nivonirina Robinot for GCS. IARC LII‘II(S 1 1
Intranet
Last Comments If you are a newcomer, please read the online user guide or download the PDF version. Helpdesk
Hélene Renard on 9
Suggestions/Ideas For any guestion or suggestion, if you want a new notebook, or change the permissions on one notebook, please contact | oooo..o...i...i.o.......
Lucile on Suggestions/Ideas Lucile (ext 8010) or Catherine (ext 8067). Last Posts 1 2
Héléne Renard on

If you seek for practical advice and further information about the TARC Guidelines for the use of Laboratory Motebook, you VARIANTS HPV33

Suggestions/Ideas may also contact Nivonirina (ext 8504). projet 1
Lucile on Suggestions/Ideas
Héléne Renardon ||
f;xgieztr‘lngjggj::t\snnsﬂdeas Mote that you can come back to this page anytime, by clicking on the title "IARC Electronic Laboratory Notebook” Last UPdatES
HH on Suggestions/Ideas If you want to enjoy the best of this blog, avoid to use old versions of webbrowsers. T thefirst post+ 1 3
* e 9Jan 13
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26 Dec 12
Lucile on Suggestions/Ideas

Maxime Vallée on
Suggestions/Ideas
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Copyright © 2012 IARC Electronic Laboratory Notebook - All Riahts Reserved
Developed by B.Bouchereau (ITS), L. Alteyrac (ITS), C.Voegele (6€5) and N.Robinot (GCS)

Powered by WordPress & Atahualpa

Figure 9: Screenshot of ELN welcome page with navigation links and tool boxes.
The main menu at the top of the ELN was set up directly in WordPress and includes:

- 1. The link to welcome page (home)

- 2. The link to the online user guide (SOP for use of the ELN)
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3. The “Advanced Search” button

4. The link to the “Favorite posts” (Customized WP Favorite Posts plugin)
5. The link to Suggestion/ldeas page: useful for centralizing comments
from users proposing new functionalities or improvements.

6. The ELN instructions button (page with purpose of ELN, responsibility,

data entry, corrections, table of contents and backups)

The left sidebar menu displays:

7. The list of workspaces accessible by the user logged in collapsing the

lists of notebooks (plugin “collapsing categories” ).

By default when the administrators create a notebook, they add the first

page that explain the permissions associated with the notebook (who is

allowed to read the notebook)

8. The “Subscribe to post” function corresponding to the “post

notification” plugin. When activated, it enables users to receive emails

each time a new page is added to one of the notebooks they have access to.
The plugin had to be modified so that the users can only subscribe to

notebooks for which they have read access permissions. A subscription can

be cancelled as requested.

9. The list of last comments that contains the 10 latest comments done in

the notebooks the user has access to (with the name of the commentator

and the concerned notebook).

On the right sidebar, we show:

10. The Management tool box that enables the user to add a new page,
manage its drafts, check the comments he received, ask for a new notebook
or edit his profile (to change his password for example and a few other
personal settings)

11. Links specific for each group (for example bookmarks to web tools like
the Sample Management System for IARC Biobank, the Laboratory
Information Management System or the software to book PCR machines
and other laboratory instruments). The links are added upon request to the
administrators and are accessible depending on the users’ permissions.

12. The list of the last posts/pages that contains the titles of the 5 last posts
written in the notebooks the user has access to, ordered from most recent

to oldest.
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- 13. The list of the last updates that contains the titles of the 5 last posts
updated in the notebooks the user has access to.

- 14. A calendar in which the user can see which days posts have been
published (in bold). Title(s) are displayed in a tooltip when you mouse-in
over the calendar and the complete list of all posts published on a specific

date can be viewed when clicking on the specific date.

b) Advanced text Editor

The plugin ‘CKeditor for WordPress’ was installed to offer advanced editing
features common to widely used word processors such as Microsoft Office™ (Figure
10). These features are essential for comprehensive formatting of the information
stored in the ELN and thus easier reading and retrieval of this information:

- column formatting (specific plugin ‘CSS Column’)

- copy, cut and paste

- cancel and restore actions

- find and replace text, select all

- insert line, special characters or table specifying the number of rows and
columns

- insert anchors or hyperlinks to cross reference other pages from the same
notebook or from other ones or to link to any website. This includes linking to other
documents in specific controlled location (on file sharing server for instance)

- format in bold, italic, underline, strikethrough, subscript, superscript

- insert bullets or numbering

- insert tabulations

- specify alignment of text (left, right, middle, justified)

- specify font and size of text plus colour of text and colour of the

highlighting.
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Figure 10: Screenshot of ELN text editor. It includes a toolbar for editing features.
Its size can be changed by the users by dragging the cursor of the button on the right

bottom of the window or by pressing the maximise button in the editor toolbar.

Page content is of course specific to each user and his work but follows most
of the time the science outline with objective, material, method and results of the
experiments. Therefore two specific templates for both laboratory’s work (Figure 11)
and instruments’ maintenance (Figure 12) were developed and provided in the
CKeditor toolbar through two specific buttons that enable their insertion
Those are available as guidance on what kind of information is expected to be

recorded especially for laboratory students and trainees.
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Don't forget to fill in the project title above

1 - <experiment title> - <date of experiment>

2 - Objectives
3 - Material
a - reagents (suppliers, cat n®, lot n°, expiry date)
b - samples sources (batch/set/ID numbers)
€ - equipments
4 - Methods
Profocol details
Reference and lecation of standard or routine procedures

Calculations, deviations from the profocol you are using
5 - Results
- Enter all results, both good and bad

Failed expenments can provide insight and ideas for future experiments or conclusions

- Copious descriptions with elaborate details are preferable
Ernough details should be given so that another researcher could repeat your work based on your nofebook entries and make the same observations

- If no resulfs are available yet
State what has been done and what is next

6 - Conclusion

Figure 11: Template for laboratory experiments.

Don't forget to fill in the title above

<Date maintenance/problem>=

1 - Issue description

2 - Issue solution|

Figure 12: Template for instrument maintenance and troubleshooting.

Associated data management

One of the most important features of the ELN editor is the possibility to
upload files generated in the laboratory for either insertion in or attachment to the
pages. Different kinds of files are supported like Word documents, scripts, Excel files,
PDF, pictures (for example screenshot) and also multimedia files. This allows

incorporation of data directly outputted from instruments or computers avoiding
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printing and pasting to PLN. For pictures, the users have the choice to either insert it
in a page specifying the alignment and the size (only a thumbnail or in full size) or to
attach the file that will then be available through a link. It is also possible to provide a
title, a caption, a description and to associate a link to an URL.

The maximum upload size per file was set at 5 MB. Users can specify links on
specific storage servers for files exceeding this size. All the uploaded files are stored
in user’s media library database with the timestamp and can be re-used anytime in any

page of any notebook.

The CKeditor plugin manages as well the edition of comments with basic
formatting and possibility to insert links. The text editor permits also to associate tags
to each page by typing them or by selecting from pre-recorded most used ones. This
enables to group posts with a same theme and thus facilitates further search for
information.

All these editor functionalities together help users to save time without losing

any information when they repeat some work using the same procedures.

c¢) Publishing usage and options

A user writes in his notebook by adding and editing pages. Users just have to
type in or copy/paste some content, format it if they wish, attach files and then either
save the page as draft to come back to it later or publish it which will make it visible
by everyone who has the appropriate reading permission. Indeed by pressing on the
publish button, the record is passed into the database as formal record. Subsequently
all edits of this record will be stored in the database.

Each time a new page is created, it is automatically dated with the current
date. For proper and accurate record tracking, this date could be changed to the date
of experiment when users write up their records at a later date.

The auto-save functionality of WP has been adapted to be available for all
posts saved as draft or published. This functionality is important in case some ELN

users forget to actively save their work.
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When publishing data, users have to select the notebook in which they want to
publish by checking in the box on the right the “Category” (name of the notebook)
among those they have access in writing (Figure 13). Because the list of notebooks
can be quite long there is the option to visualise the most frequently used ones marked
to facilitate their selection. The selection of the notebook is of course mandatory so in
case users forget to select one, an error message will appear. This is permitted by to
the plugin “Category reminder” that we installed specifically to prevent publication in
“Uncategorized” notebook.

We also enabled a page with relevant permissions to be shared in several

notebooks, function which can be very useful for some shared projects.

Categories
All Categories  Most Used

Mb CVE 1-P - NGS
Cluster
ELMN Motebook
Solid S500XL-EZBead
lenTorrent-OneTouch
Hb CWVE 1-P - LIMS
|lsmina
Mb CWVE 1-P - MIX
Freezer Roster
Beckman Biomek FX

Figure 13: List of notebooks for selection at page publication. The user has write

permissions for all the listed notebooks.

Though they are provided with general guidelines, users are left to define the
manner of use of their notebook whether they prefer to create one page per day of
experiment or one page per activity. Users can also record experimental research
carried out over several days on a same page, in which case, they must take care of
appropriate time stamping in the text in addition to the records automatic time

stamping.

For shared ELNs — catalogs of scientific activities for a specific project or a
specific laboratory instrument —, each allowed user can either create a new page to

record his activities or continue filling an existing page even if created by someone
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else. The recommendation is then to indicate clearly the name and date before the

edition of the text.

d) Pages revisions

Once published, posts can be edited but not deleted and each edition is
automatically stamped — at the bottom of the post, under the “Post Revision” section —
displaying the name of the person that did the modification as well as the date and
time of modification. The previous text is, in addition, always stored in the database.
This function is enabled by the plugin “Post revision Display”.

Much like a sentence may be crossed out in a PLN, corrections of published
data are allowed using the "Strike Through" functionality of the ELN text editor. The
accurate data can then be edited right after the cross-out. Deletion, contrariwise, is not
permitted and each modification is automatically stored in the database and traced in
the revisions. The latters can be viewed using the link displayed at the bottom of the
post, in the "Post Revisions" section (Figure 14).

Additional information subsequent to publication can also be added in the
comment editor section and are called annotations. They can be added by the owner

or any editor of the notebooks but also by “simple” readers (authorized persons).

Link to previous page of the notebook Link to next page of the notebook
« RNA Extraction: Protocol Set Up for Automated Isolation of RNA from Renal RNA Extraction: Batch no. 130618NR »
tissues

Print | Export as PDF | Add to favorite posts

Nivonirina Robinot - Notebook NRT 6 - KIDRISK
RNA Extraction: Testt <— Title

Objective
Test the RNA extraction protocol using 2 OCT-embeddad frozen tumor samples using the QIAGEN miRMeasy kit
Materials and Methods

Ezch sample consists of 6 tissue sections In 1.5 ml tube, stored at -80°C. Content Of the page including piCtureS

Sample list

1. K2150073 TU-CUT1.2 (K1)
1. KZ140157 TU- CUT1.2 (K2)

The samples were processad as described previously. After 2 first RNA elution with 30 pl water, 12 ul water was re-loaded anto the = columns and eluted into new fresh 1.5 pl tubes (3) to
assess if more RNA can be recovered from the columns.

Results
Taie 2, RNA concentration and purity, as measurad with the Nanodrop spectrophotometer

& NanoDrop 5000 Dons U
File Configuraton Data Repons Help

Flots  Fepart Tosttype Muchaic Acid B30I 32
Fapon Name 13061 INR_Kidney_Prs_Test ReponFull Made Ignare [zl
[ Wil Sample | User Date | Tune | Conc | Units | AZGD | AZGD | 260280 | 260/200
=) (]
Test | Al | KICUTIZ | Defult | EA3/2013 | 313PM | 1673 | nghd | 4983 | 1886 | 211 | 146
Fest B1 | KSCUTIZ | Detadli | 6132013 | 319PM | 4301 | nghd | 1076 | 6537 | 200 | 0658 |
Test | C1 KICUT120 | Defouli | 6132013 | 319PM | 7834 | ng/ul | 1953 | 0817 FAL] [ET]
fest | D1 | K2CUTI@n | Defeul | 6032013 | &719PMW | 3450 | ng/d | 0863 | 0415 | 208 [ET]

About 19 % and 32 % RNA were recoversd after the second elution for K2150073 TU-CUTL1.2 and K2140157 TU- CUT1.2, respectivy. The sgq!Asa, ratios above 1.8 indicate the absence of pratein
contamination. Howsver, the Asgqifias, ratios are below 1.8, espedally in the last 3 tubes. This indicates a presence of contaminant, more likely solvert, probably caried over during the process.
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Flots | Repont | . Testiype! Mucleic Acid

Selected plot KI-CUT1 2 [=] Powset | 8 2 [tegand | |
592 |
650 -
600

550

083, : . . ' : ' \ . : . ' '
220 230 240 250 280 270 280 290 300 310 320 330 340 3B0
Wanelength nm

Fgure 1. Spectra of RNA from the 4 eluates (Nanodrop spectrophotometer). Sladk, KI-CUT1.2. Gresn, K2-CUT1.2 showing a high absorbance at 230 nm likely due to solvent carried over during
the purification. Req K1-CUTL.2a. Browrg K2-CUT1.2a.

Conchusion

The 2 tumor samples processed hereabove show quite different RNA yields. The presence of solvent contaminant, espedially in K2140157 TU- CUT1.2, may cause overestimation of the RNA
concentration. Tt is therefore necessary to do maore tests and to try to improve the RNA purity by reducing the solvent contamination.

The samples are stored at -80°C, in Box 1.

Author: Robinct | Jun 13, 2013 | Category: Notebook NRT 6 - KIDRISK

2 comments to RNA Extraction: Testl <— Comments section

Nivenirina Robinot
June 13, 2013 at 13:02 * Arnotate

The RNA integrity also needs to be assessed befare drawing conclusion,

Nivoniring Robinot
Tuly 3, 2013 at 17:34 * Annotate EditOI' fOI‘ addlng a

The RNA wers integrity was assessed using the Agilent 2100 Bioanalyzer with RNA 6000 nano kit.
Click here to view the restits, new comment

Leave a Reply
Logged in as Catherine Voegele. Log out?

B I U % IE] B me 0 & @& % g

You can use these HTML tags

Post Comment

Post Revisions: <—— Revisions section with hyperlinks to

- S 0 o el e s view the previous versions
« RNA Extraction: Protocol Set Up for Automated Isolation of RNA from Renal RNA Extraction: Batch no. 130618NR »
tissues

Figure 14: Example of a page containing the title, the content of the page, the

comments and the hyperlinks to revisions.
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I] 3.3 Other important features

Table of contents

WordPress generates automatically a table of contents (TOC for each
notebook (Figure 15). For easier navigation within the table of contents when the
number of entries is growing, we additionally customized the Atahualpa code and the
plugin: “WP-Pagenavi to separate the table of contents in pages of maximum 25
entries. We also added the possibility to sort the table of contents by title, date of

creation or date of last update descendant or ascendant.

Menu to navigate within the TOC

| Home | User Guide ‘ Advanced Search | Eavuyéﬂcsts‘ Suggestionsideas | ELNInstructions |

Options to sort the TOC

IARC Electronic Laboratory Notebook

'our research anywhere, anytime

lrLL{ﬁE‘
r‘({{,‘"

Table of contents

i AEEIEE -

' Notebooks Management
| » GCS Archives | Add 3 page
Sort by : Date v | Date 4 | Title | Last update v | Last update & | Manage your drafts

| ¥ GCS Group

| » Amélis's warkspace
» Catherine’s workspace
B Florsnce’s workspacs
» Geoffroy's warkspacs
P Lynnette’s workspace
> Maroulitsa’s workspace
> Matthisu’s workspace
> Nathalie’s workspace
¥ Nivoniring's workspacs

» Notebook NRT 1

RNA Extraction: Batch no. 141002NR
MNotebook NRT 6 - KIDRISK | Date : Oct 2, 2014 | Author : Robinot | ANNOTATE

RNA Extraction: Batch no. 141001NR
Notebook NRT & - KIDRISK | Date : Oct 1, 2014 | Author : Robinot | ANNOTATE

RNA Extraction: Batch no. 140930NR
Notebook NRT & - KIDRISK | Date : Sep 30, 2014 | Author : Robinot | ANNCTATE

RNA Extraction: Batch no. 140929NR

| Manaoe your annotations
i Ask for 3 new notebook
Edit your profile

! Logout

| Admin infos

| Notzbooks & Authors

| Authars & Notebooks

| Notehook Checking Form

» Notebaok NRT 2 Notebook NRT 6 - KIDRISK | Date : Sep 29, 2014 | Author : Robinot | ANNOTATE | Natebooks Table
» Notebook NRT 3 RNA Extraction: Batch no. 140923NR N ———
» Notebaok NRT 4 — Notehook NRT & - KIDRISK | Date ¢ Sep 23, 2014 | Author : Robinat | ANNOTATE ' GCS Links
» Notebook NRT 5 RNA Extraction: Batch no. 140922NR | SQLMLIMS
» Notebook NRT 6 — Notebook NRT 6 - KIDRISK | Date : Sep 22, 2014 | Author : Robinot | ANNOTATE | IARCBooking
KIDRISK - | SAMI
» Noemie's workspace RNA Extraction: Batch no. 140917NR
7 MNotebook NRT & - KIDRISK | Date : Sep 17, 2014 | Author : Robinot | ANNCTATE RS e
W Patrice’s workspace /
| » GCS Sfere Abbreviations 3 Last Posts
| GEP Archives Notebook NRT 1 | Date : Sep 3, 2014 | Author : Robinot | ANNOTATE | fPROTDN{orwert Bams in
| \ fastg
Rcil - RNA Extraction: Batch no. 140813NR - r—
{ L4 Notebook NRT & - KIDRISK | Date : Aug 13, 2014 | Author : Robinot | Ore annotation 1 Annotations

Figure 15: The ELN’s table of contents. The TOC displays the titles, date and author
of each page of a notebook. It can be sorted by title, date of creation or date of last

update.
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Search functions

The plugin “Search by category” enables users to make a search by keywords

in one specific category (i.e. notebook or groups of notebooks).

There are different ways to search in the ELN:

o a simple search on one page using the classic search function of all
web browsers (CTRL+F ) that will search the entire web page for
the specified keyword

o a global search by keywords using the text field on the top right of
the screen — this search will look for the specified keyword in all
the notebooks the user has access to

o a more advanced search that enables to restrict the search to a
specific notebook or a specific group of notebooks. This function is
accessible from the menu on top of the ELN pages

o a more specific search by tag which will return all the pages that
had been associated with the selected tag independently from the

content of the pages

Export in pdf

The plugins “WP-Print” and “Post2PDF enable the export of ELN pages to
pdf. However the export is for the moment only possible page by page and not for an

entire notebook.

I] 3.4 Security

Anyone owning an official IARC ELN, either individual or shared, is granted
a controlled access password protected. The appropriate recording and secure use of
the ELN credentials remains the responsibility of the user which is a critical point to

convey during user training to be provided to each new user.

Nevertheless, the security of the system is additionally maintained through the

following points:
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- prevention from scientific fraud, falsification of data and protection of
intellectual property: the very precisely defined access controls of who is able to see
or edit the data and when, make it more secure than any paper notebook; all
amendments of records are stored in the database; a detailed documentation —
Standard Operating Procedure file — describes how to use the ELN with very precise
instructions and guidelines.

In a manner analogous to how the PLN numbered pages can be noted if
removed/teared, users cannot delete any post or any comment and deletion of part of
text can be visualized.

- longevity: the html format of the raw data combined with appropriate daily
backups on distant servers make it long-lasting and prevent from damage or
deterioration; the ELNs cannot be misplaced, lost or accidently destroyed and at
departure of staff, the ELNs are closed by the administrators and archived to read-
only status; all the users’ permissions are removed.

- protection from unauthorized and/or external access: the system is hosted on
a secure server within a secure network behind firewall. We added the plugin “Login
configurator” to force the login and to prevent any unauthorized connection to the

ELN. Also, all the accesses and attempts of accesses are recorded.

I] 3.5 Evaluation

Evaluation of appropriateness for use at IARC

As the installation and uptake of an ELN are a significant change in scientific
practice within a research institute, a trial period and consultation with the users were
necessary in order to assess the systems’ suitability for recording the scientific
activities of the institute. The role out of the ELN at the Agency involved a two-step
process.

Firstly a prototype of the ELN was presented to the IARC Laboratory Steering
Committee (LSC) which is composed by the senior scientific staff leading the
Agency’s laboratory groups. The role of this committee is to oversee the IARC core
laboratory facilities and to advise the Director on their most efficient use. During the

presentation of the ELN, the LSC provided feedback regarding the ELN structure and
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function as well as appropriateness for its expected use across the different
laboratories. The primary concerns raised by the members of the LSC were:

- the definition of the accesses and permissions;

- the guidelines for recording of the scientific activities in different types of
notebooks;

- the attachment of files;

- the tracking of modifications;

- the archiving.

As seen previously all these issues were addressed in our ELN prototype. The
committee thus decided to launch and coordinate the second step of the ELN
implementation which was the testing of the ELN beta-version by the main users, in
this instance, laboratory research assistants. The LSC coordinated this pilot test by
selecting a minimum of two testers in each research group for a period of six months.
This test involved the “Epigenetics” group (EGE), the “Molecular Mechanisms and
Biomarkers” group (MMB), the “Molecular Pathology” group (MPA), the “Infections
and Cancer Biology” group (ICB), the “Biomarkers” group (BMA), the “Genetic
Cancer Susceptibility” group (GCS) and the “Laboratory Services and Biobank”
group (LSB). A few bioinformaticians were also volunteers to test the ELN. We had
thus testers representing of a large panel of laboratory and non-laboratory activities.

The trial was thus performed by 32 users in total, which constituted a working
group that met to give their feedbacks regarding their first experiences with the tool
and discuss any aspects for further needs or improvements. The team reported no
major problem and in contrast, considered it a main advance to have permanent and
organized electronic records of experiments and other related matters that can be
searched easily and shared. The answers brought to the questions raised as well as the
rapidity of adapting the prototype to fulfil all requests such as the attachment of files
and archiving were estimated satisfying.

The results of this trial were reassessed and discussed within the LSC. The
exploratory phase successful and particularly that the ELN developed was judged
conformed to IARC rules and regulations on laboratory notebooks (Figure 5) as well
as standards relating to electronic data protection and computer back-up issued by the
Food and Drug Administration (FDA) Code of Federal Regulations Title 21 ([75]).

The LSC thus provided a report regarding the testing and implementation of
the ELN to the IARC Director recommending the official introduction of the ELN in
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the Agency as from January 2013 and emphasizing on the main advantages which
were summarized as follow:

“ELN cannot get lost, which is the case for 10 per cent of the 1400 PLNs; it
can be used to link to data from specific laboratory equipment; all kinds of
attachments, hyperlinks and comments from supervisors can be included obtaining the
same level of detail in documenting as with PLNs; and it is easy to read, to search,
and to share with colleagues. It may as well encourage a sharing attitude and unlike
PLNs can evolve”.

The Director approved the introduction of the ELN. In addition it was decided
that all new staff would be required to use the ELN for scientific record keeping and
that the paper notebooks would be progressively phased out in favour of the ELN for
the existing staff members. The ELN was then expanded Agency wide and proposed
to all staff irrespective of their type of work providing a common platform for data
capture across all disciplines, whether laboratory, epidemiology, biostatistics or

bioinformatics-oriented.

Summary of current use

The system is indeed currently used by more than 100 persons within the
Agency. Initially developed for the wet laboratory users, it is actually used at 50% by
non-laboratory staff for keeping track of their daily work and sharing information
with their colleagues. After 2 years of use, we have had a total of 172 users including
70 left staff. We have 110 living notebooks, 58 shared notebooks and 60 already
archived notebooks. 12 research groups are using the ELN out of which 7 are
laboratory research groups. Inside GCS, we have 16 shared notebooks and 12
archived notebooks. From the 16 shared notebooks, 12 are for robots, instruments and
HPC maintenance and troubleshooting and 1 for the storage of the various laboratory
protocols. They are all shared in reading and writing with all GCS group members.
The remaining 3 shared notebooks are for specific projects with limited access to the
participants in the projects.

Figure 16 provides statistics on usage of the ELN of a given time period
demonstrating that the tool is actively used. We continue receiving feedbacks from
users, generally positive and constructive which appears consistent with the tool

serving the community for which it was designed.
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Finally we have also tested the recovery of the backups to be sure to be able to

restore the complete ELN database in case of problem without losing any piece of

information.
7% Dashboard
Right Now
Content Discussion
5,537 Posts 232 Comments
32 Pages 231 Approved
471 Categories 1 Pending
287 Tags O Spam
@ | Details for the last: 2 weeks B Items per page: 10 BI

421 visits 1452 Pageviews 3.45 Pages/Visits (O.Dofo) Spams

Last 2 Weeks

1 150

g At o S Fuig, e =1 __|p
Won 08 Jui Tua 07 JofWed 08 duf Thi 05 Jul Fri 10 Juf Swn 12 JulMan 13 duiTue 14 fofWed 15 duiThuy 16 el Fri 17 Jul Sat 18 Juf Sun 10 Julibon 20 Ju

Figure 16: Statistics of use of the ELN.

On the top the screenshot shows basic statistics available to ELN
administrators through the WordPress Dashboard: the IARC ELN contains 5,537
pages and 232 comments (up to July 2015). The page on ELN ideas and suggestions
is the most commented one with 23 comments. One third of the comments are made by
people who did not write the page showing that the sharing is effective.

On the bottom the screenshot from WassUp plugin shows the number of ELN
visits and page views that occurred between the 8" and 20" of July 2015: respectively
421 visits and 1452 page views. Unfortunately these statistics have some limitations

as we cannot distinguish data entry visits from data visualization visits.
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Evaluation by user survey

To go further in providing the best possible tool in the future, we have set up a
forum for suggestions and ideas and we conducted a formal satisfaction and feedback
survey with all active users asking for frequency of use, type of use, advantages,
additional functionalities that may be useful and drawbacks plus any general
comment. For this purpose, we developed a questionnaire using Surveygizmo tool
([76]) and asked all regular users by email to answer the survey providing them with a
web link to access it. The regular users were defined as having access the ELN at least
once in the last 6 months. The survey was anonymous. Though, we gave the
possibility to users to give their name in case they would like to be contacted
regarding a specific request or comment.

Users had two weeks to complete the survey with two reminders. 35 people
responded over 71 invited. The response rate being only 50%, we recognize that there
may be some bias in the results and conclusions we can draw from the survey.
Statistics on the use are summarized in Figure 17.

There is almost unanimity within ex-PLN users to say that the ELN has
improved their work documentation. Just one person regrets the fact that he cannot
take the ELN with him in the laboratory when there are no computers, smartphone or
tablet available. The main advantages reported are “easiness of use”, “clarity for
reading” and “work reduction by time saving”. The latter is probably linked to the
copy/paste functions. The most useful features are the table of contents, attachment of
documents, linking, search functions and sharing. Interestingly, almost half of the
respondents pointed out a lack of more advanced editor features for example to draw

directly on, format embedded pictures, perform calculations or make graphs.
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Since how long have you been using the ELN?

less than 1 month: 5.535 %

1 -6 months: 14.71 %

6 months — 1 year 5.82 %

more than 1 year: 70.59 %

How often do you access IARC ELN?

what 15 an ELN?: 3.03 5

every day: 30.30 %
once a month: 30.30 %

onceaweek 12.12 %
twice a week: 24.24 %

Are you working in a laboratory?

No: 34.29 %

Yes: 65.71 %

Figure 17: ELN survey results. 70% of the 35 respondents have been using the ELN
for more than one year. 30% use it every day and 67% at least once a week, which
gives an additional weight to the answers. The survey confirmed a strong use by non-
laboratory staff (35%) so we would like to investigate further whether they would

have additional personal or technical specific needs.



I] 4. Discussion

I] 4.1 PLN vs ELN: advantage to the ELN

The table below compares and contrasts the advantages and disadvantages of

the PLN and ELN (Table 1).
PLN EIN
User-friendly interface, easy to
Use Easy understand even for persons with

limited computer skills

Modifications and corrections

Strike-through and rewrite

Each update is stored automatically
with userstamp and timestamp

Table of contents

Manual

Automatic but no page number

Laboratory template (material
and methods...)

Manual

Button to insert text template
automatically

Insertion of documents

Print and paste — problematic with
voluminous data

Attach files (faster)

Pages numbered

Yes

No but time-stamped

Sorting

Unavailable

Possible by date of creation, title and
date of last update

Links within the pages

Indication of page number

Direct hyperlinks to pages also between
different notebooks

Removal of pages

Forbidden but could happen

Impossible

Possible with automatic userstamp and

Annotation Possible .

timestamp
Reading Handwriting can be problematic Easy

Easy especially for collaborative
Sharing Possible “by hand” but limited ¥ esp v

projects

Searching in

Long and laborious

Easy thanks to the advanced search tool

Everywhere through connection to the

Accessibility In one specific place internal network (directly or via Virtual
Private Network)
Specific user permissions for readin
Access safety Low control of who reads the notebook P P e

and editing

Long-term storage

Cupboards

Raw data in long-lasting HTML format
Backups in a secure place

== easier to archive and preserve, and
less likely to misplace, lose, or
accidentally destroy

Cost

Quite high (23,32 euros per notebook)

It is open-source with no licensing cost.
It requires only a small server and some
time for installation and administration
(around 2 hours per week for an
institution of 300 people with quite
high staff turn-over)

Table 1: Comparison between PLN and ELN.
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As seen above, ELNs provide significant advantages over PLNs. Data can be
quickly entered, retrieved, located, shared and are easy to archive and backup; data
including text, images, attached documents, links. They allow direct incorporation of
data from instruments, replacing the laborious practice of printing out data to be
stapled or pasted into paper notebooks. Captured information is organized and
available in a common and safe platform. This is particularly important in institutions
with high personnel turnover.

The ability to reuse or repurpose details of experiments recorded previously in
ELNs, to include electronic data and embedded hyperlinks as well as the easy-to-use
search functions have proven to bring higher quality documentation and gain of time
for data recording and retrieving ([77] - Butler, 2005). Glyn Williams specialist in
software Research and Development (R&D) for large biotechnology and
pharmaceuticals companies estimate the efficiency gains of 15-25% for biology ([78]
- Dutton, 2006).

IARC ELN tool has been designed so that an ELN can belong to one single
person or be shared within and/or between research groups when being specific to one
common project or one instrument or equipment. It is a multidisciplinary tool which is
flexible enough to accommodate different types of data including centrally updated
manuals or SOPs as well as less traditional data such as proposal developments or
meetings notes. It is therefore not only applicable to laboratory work but also useful to
epidemiologists, statisticians or any other researchers for their daily notes.

Our ELN offers thus additional means of communication which should
improve and strengthen collaborations and exchanges between researchers providing
an important advantage for a global work recording in multidisciplinary research
organizations. This is quite a big change for scientists switching from a personal
recording activity where the notes and data were rather private to a capture of work’s
details for them to be read and completed by collaborators.

Finally, the control of very precisely defined accesses together with

appropriate backups, make it more secure than paper notebooks.
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I] 4.2 Cost

Several factors come into evaluation of the ELN cost: the material, the time of

installation, the time of development and time of maintenance.

Material cost
As seen previously, the tool requires only a small basic server (an Intel Xeon
CPU at 2.53 GHz, 4 GB of RAM and a hard disk of 100 GB). There are 3 different
possible options:
- installation on a virtual web server. That is the solution we opted for, using
a web server already in place for other web applications implying no
additional specific cost for IARC.
- installation on a physical machine with the minimal WordPress
requirements. The standard price would be in the order of 1,200 euros
(Dell price for a basic server) but can vary depending on contracts with
suppliers, partnerships, academic discounts.
- installation on a cloud which would cost around 12 euros per month (price
from OVH.com the 3™ worldwide internet service provider).
Related material costs such as the required network and associated secure
firewall are assumed to be in place and are therefore not factored into the current cost

evaluation.

Installation cost for other research institutes

While the tool is completely free and open-source, the set-up in other research
institutes requires some IT specialist time which cost is difficult to estimate as well
since dependant on the skills and the salary of the responsible which can be highly
variable between institutions and countries. However for one IT specialist following
our instructions it could be performed in 3 days including server installation,
WordPress and plugins installation and configurations plus creation of first users,
groups and notebooks. With an estimated salary of 2,500 euros per month, it would

thus cost around 350 euros.
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Development cost for IARC

We evaluated the person time spent on the development of the ELN tool at a
total of 5 Full Time Equivalent (FTE) months:

- 1 FTE month for the definition of the needs and specifications as well as
the choice of the tool to use for the development of the ELN (WordPress)

- 3 FTE months for the configuration and adaptation of WordPress to create
the ELN

- 1 FTE month for testing of the appropriateness of the ELN relative to
IARC needs as well as assessment of the tool performance.

Assuming a base salary of 2,500 euros/month, this gives an estimated cost of

12,500 euros.

Maintenance cost

Our system as set up requires indeed some administrative tasks for adding new
users and new notebooks when needed and specifying the access permissions. This
represents a variable work-load depending on the staff and trainees turnover knowing
that it can take between 5 to 10 minutes per new user. It can be quite light for small
laboratories but may be heavier for large research centres involving several hundreds
of employees. This has an IT time cost too but maintenance is required equivalently
when using commercial tools and has therefore an equivalent cost.

From the developers points of view, WordPress being an evolving CMS it
shows an advantage but also a drawback. Indeed new versions are coming out
regularly for both WordPress and the many plugins we have installed requiring
significant additional work for the administrators to re-test all the features at each
upgrade. It is crucial to ensure that the security is preserved and also to perform tests
of non-regression. Indeed in some cases upgrade can lead to a loss of functionalities
and therefore should not be applied. Finally since web-based the ELN needs to stay
compatible with the new versions of the browsers continuously evolving. We
estimated the time spent on the upgrades (which are optional but recom