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Daniel Jacob

INRA UMR 1332 BFP — Metabolism Group

Bordeaux Metabolomics Facility

How to best manage your data
to make the most of it for your research ?

How to ensure that open data works for
research ?

Preliminary question :

Data Capture ?

The main focus is on building
framework and solution to
store data

=NRA

SCIENCE & IMPACT




THE FAIR DATA PRINCIPLES

| Describe your data in a data repository

Apply a persistent identifier

Consider what will be shared
Obtain participant consent

The "FAIR" principles define the
basis for data sharing

easily to find, accessible,

Reusable interoperable and reusable.

Consider permitted use
Apply appropriate license

Use open formats
Consistent vocabulary
Comimon mstadats snduns

However, it is to the communities to specify the actions necessary for
their implementation

The implementation of FAIR principles is a process that must be thought
of in a progressive and community-oriented way.

It must be integrated into existing practices to ensure that they evolve
without interruption and in a way that is acceptable to the various
actors

The role of a data authority is to translate the principles into
standards in agreement with the concerned communities
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Data flow Studies with a design of experiment (DoE)

Concerned data

Raw Data » Processed
1

1

1

1

' 1

1

1

:

i

Specialized Data Repositories

Published

Analyzed

data

data

‘ Expected objectives

Processed data is the raw

EMBL-EBI .

data processed in a way
b

so that they can highlight
"S&hange some features, i.e. some

type of variables linked
to the focus of the study.

L 2 b
g DR
I. l- I. Open access

Information
(often partial),

@R curopean

-~
S GENOME-PHENOME

Raw data Annotation, Curation, Validation

Know-how Knowledge

Partly not automatically
reproducible because it

EXPerlment| requires human expertise
Data Tables

_________________

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
\

The "data lifecycle" must therefore be
integrated into the scientific research
process

= Data capture
as far upstream as possible
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Data flow  Data processing Know-how
Data exploration = Descriptive statistics
First glimpse of the data that can show trends.

Allow the data to be well characterized, which is
necessary to then choose how to analyze them.

Data/Metadata Exploration During a research project
Data Visualization

. DATA

Data mining / Modeling
= Repetition of multiple scenarios on
different subsets of data
= Selection subsets of data

Data / Metadata

Data Mining Modeling
FL”d OUtk ; Explain data § = Implying lots of data manipulation
lomarkers o = data capturing, data formatting, data linking,
(s
data import / data export
= Linking both metadata and data for data
mining
Knowledge
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HORIZON 2020

European PUblIShIng pOlICIeS

Commission

Data flow  Data management —

Schematic Diagram of a Dataset in Dataverse 4.0

Before the project begins

< DVP OPIDoR

\"--__

During a research project o Descriptive Metadata
A data management plan or DMP is a DATA
formal document that outlines how data mm  Code
are tO be handled both during aresea rCh Container for your data, documentation, and code.
project, and after the project is ) )
completed. After the project is completed
The
The goal of a data management plan is to Dataveprse )
consider the many aspects of data e Uy
. Future

management, metadata generation, data

. ; e N
preservation, and analysis before the
project begins = Description by metadata (Ontology / Controlled Vocabulary)
this ensures that data are well-managed => Data capturing, data formatting, data linking
in the present, and prepared for
preservation in the future. = Implying data archeology after several months / years

. J
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Data flow

Before the project begins

_—<povmpOPIDoR 2

=

e

A ]

Make consistent the two axes :
Motivations

= Reduce data manipulation
= Data sharing & data availability
= Facilitate the subsequent data mining
= Facilitate the data dissemination

The "data life" must therefore be integrated
into the scientific research process

Know-how

c Data processing
Time is often implicit

Data management
Time is clearly explicit

During a research project

DATA

109l0ud

Knowledge

After the project is completed

The

Dataverse

Project

Oy,

How ?
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Use-Case

Experiment Data Tables

=
=)

2
21
2.
23
2.
25
24
2
2
2
3
31
3.

Bauadeanea

=}

i

A

Genotype PlantelD  Plant Row i

Money Maker_WT
Money Maker_WT
Money Maker_WT
Money Maker_WT
Money Maker_\wT
Money Maker_

Money Maker_

Money Maker_ =
Money Maker_

Money Maker_ >
Money Maker_

Money Maker_ >
Money Maker_
Money Maker_
Money Maker_
Money Maker_
Money Maker_
Money Maker_
Maney Maker_ 41
Maney Maker_ 42
Maney Maker_43
Maney Maker_44
Money Maker_45
Money Maker_48
Money Maker_47
Money Maker_WT
Money Maker_WT
Money Maker_WT
Money Maker_WT
Money Maker_WT
Money Maker_WT

36
37
38
39
40

B

A
PlantelD

26 A26
140 C2
222 D15
295 E19
210 £

Lot

533

1027
1057
1067
1069
1103
1131
1163

seeding

harvesting

Experiment Design

D E
reatment
A Control
C Control
D Control
E Control
3 rntral
C
5 Truss_5 00.08DPA
5 Truss_5 00.08DPA
5 Truss_5 00.08DPA
5 Truss_5 00.08DPA
5 Truss_5 00.08DPA
5 Truss_5 00.08DPA
5 Truss_5 00.08DPA
5 Truss_5 00.08DPA
5 Truss_5 00.08DPA
5 00.08DPA

26.7

MassBefore MassMIA

0.192
0.107
0.166

0.14.
0.104
0.169
0.187
0.179
0.156

0.148
0.106
0.152
0.107
0.126
0.092
0.081
0.089
0.134
0.098
0.116
0.108

0.1002
0.0511
0.0771
0.0684
0.0431
0.0841
0.0916

0.092
0.0612

0.035
0.0707
0.0415
0.0555
0.0419
0.0344
0.0252
0.0182

0.022
0.0363
0.0368
0.0257
0.0248

plants.tsv

52.19
47.76
46.45
48.86
41.44
49.76
48.98

514
39.23
38.89
47.77
39.15
36.51
39.16

27.3
27.39
22.47
24.72
27.09
37.55
22.16
22.96

starch2

0.19074531

0.15487598
0.14885874
0.17046257

A

PGM

0.74
0.93
.71

samples

preparation
= T
\ s

samples analysis

harvests.tsv

1 ]

13.29 13.17

12.38 12.29

12.28 12.44

samples.tsv
A B E F
Lot SamplelD  NbFruit GellyFW GellyFruit

1 1 10 2.83 0.283 FALSE
1 2 10 2.83 0.283 FALSE
2 3 8 4.05 0.50625 FALSE
E 5 10 3.3 0.33 FALSE Compou nds,tsv

1 J K L M N [} P

MANNOSE PoidsTotal P

377

NA

8.51 20.45 7.35 27.8
2.44 2.56 X . 18.18 36.36 10.88 47.24
1.89 1.98 X . 10.47 24.42 8.79 33.21 t
c D £ F G H 1 J K L e n\;y m QS ¢ s‘(j
ISODH_NAD Enos. 1SODH_NADI PEPC
8.97  1599.53 64.53  2767.89  1172.28 192.05 876.13 523.57 72219 508.99 NA NA
85.02  1839.39 NA 337346 2014.02 263.33 984.08 634.14 622.22 975.77 514.4 133.6
1458 1399.41 65.84  2642.21 980.02 184.31 743.8 245.98 518.01 555.54 588.57 167.86
23.81  1333.66 105.67  2663.67  1349.45 147.18 807.87 501.92 915.19 572.33 676.61 87.43
2521 127113 11025 257594 865.05 177.67 792.12 459.77 510.8 42123 504.23 231.52
24.19 754.24 68.66  2272.79 100574 14417 641.46 267.71 598.68 216.04 530.9 59.01
3557  1833.13 168.54  2779.48 869.08 197.73 971.88 494.3 614.79 660.68 645.49 221.32
3314 2128.92 64.59 31285 1830.77 270.3 1008.07 778.47 127177 965.12 530.51 68.32
07 305311 242 2330.09 719.33 25087 1223.19 360.15 526.31 237.56 548.96 194.08
2373 154478 59.71 333861  1168.66 246.51 1033.7 526.42 606.25 607.02 557.28 163.25
171 153334 8.3  2597.87 1035.6 26067 1019.02 663.14 986.63 632.42 579.25 NA
2154 1624.31 501  2755.34  1245.73 243.07 915.78 530.86 832.47 659.72 518.63 31.02
12.54 786.54 88.85 1828.44 363.23 131.41 525.24 268.55 337.81 210.84 581.39 118.38
17.77 728.5 NA 1869.46 450.13 171.89 593.3 357.74 220.39 247.36 587.58 20.21
4.16 603.74 31.55 1836.44 330.26 131.87 499.38 208.85 248.95 190.41 545.06 58.85
4.87 507.67 7.38 1371.13 573.06 128.65 390.78 283.25 304.36 301.7 NA 168.46
15.14 703.9 82.78 1473.25 286.02 120.11 438.09 260.44 240.08 204.18 500.82 88.22
14.69 1092.42 99.09 2384.35 798.55 182.18 812.09 425.56 583.97 366.29 635.19 45.01
L7 592.57 14.81  1654.27 602.62 150.23 480.9 283.92 354.94 256.53 766.52 NA
12.68 557.38 132 161242 359.41 119.45 407.36 279.22 29021 202.93 500.66 a1.36
2121 467.95 80.43  1095.82 369.89 93.32 206.48 170.71 196.25 146.65 660.62 124.38
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Research question = Project = Experiment = Experimental set-up

Before the project begins During a research project

project building
then experiment

design
i harvesting samplest
d .
— g preparation Several operators,
e ; L ,?g‘*_; technics, data
e b PR
e s . 0 / ;Hy‘i types, SOPs, ...
i ERERE! F‘f

. HE ; Experiment Design
Experiment's Mapping <

Make both metadata and data
available for data mining

Experiment

Data Tables Eh

Each time we plan to share data coming from a common experimental design,
the classical challenges for fast using data by every partner are data storage and data access

Several partners
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The experimental context: recurrent needs / wishes

seeding harvesting
=

Experiment Design

data sharing
&
data availability

samples
preparation

identifiers
centrally
managed

facilitate the
subsequent publication
of data

avoid the implementation of a RDBDMS
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ODAM Framework
Open Data for Access and Mining

Purposes %@

EDTMS

Objectives
» make research data locally or broadly accessible all along the project

« allow any (data) scientists to be able to explore the dataset and then
extract a subpart or the totality of the data according to their needs
- allow data to be selected then, downloadable by web API

« allow data and analysis to be visualized online

Guideline keywords
« simplicity, flexibility, efficiency
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ODAM Framework
Open Data for Access and Mining

samples

U se-case . seeding h:stir:i pvr.epa/ra:tion:

samples analysis

Experiment Design (DoE)

_ J
o Mom A B C D E F G H I J
4 = Biblicthéques - - - . e -
. SamplelD ITreatment DevStage FruitAge FruitPosition FruitDiamete FruitHeight FruitFW Rank Truss
4 5] DATA © Images 115 |Control FF.01 07DPA 3 11.95 10.42 0.81 A 17
a4 || DATA(C) | a_attributes.tsv 121 |Control FF.03 22DPA 3 36.13 31.77 2143 A T6
s [N heflow | aliquots.bet 164 [Control FR.01 42DPA 2 51.09 46.85 64.05 A T5
> B nme_examples EY aminoacids.tet 353 |Control FR.04 55DPA 5 48.28 43.35 66.64 A T5
355 |Control FR.04 55DPA 3 49.84 44.93 66.98 A T5
> 8 nmrAnnot =l compounds.ixt 413 [Control FR.02 47DPA 1 60.48 54.23 106.13 A 17
» L nmrspec | enzymes.bd 512 |Control FF.03 21DPA NA 41 35.82 37.22 A TA
4 | oDAMm || FRIM1 Quantities.txt 117 [control FF.01 07DPA 3 13.44 12.39 1.14 A T7
4l data || infos.md 536 |Control FR.02 47DPA NA 59.4 49.05 87.28 A TA
| frieml lipids_ag bt 544 |Control FR.03 S0DPA NA 57.31 47.69 92.86 A TA
— - 158 [Control FF.04 35DPA 5 58.38 49.3 92.86 A T5
) . plants.bt 109 |Control FF.03 22DPA 7 43.37 35.77 3873 A T5
- - | plato_HexosesP bt 134 [control FF.02 15DPA 3 27.89 23.8 9.88 A 17
R | pools.bdt 31 Control FF.01 08DPA 4 NA NA 0.48 A T6
|| rmnmetabozi 179 Control FF.03 28DPA 3 53.68 4543 65.34 A T7
383 |Control FF.04 34DPA 5 47.04 41.19 48.96 A T7
= qnmr_pooks b 425 [Control FR.04 55DPA 2 62.74 50.27 115.3 A T7
| 5 subsets.tsv 520 |Control FF.03 30DPA NA 48.86 41.52 52.94 A TA
‘ | samples.bt 419 [Control FR.03 S0DPA 2 55.63 48.02 86.79 A 17
138 |Control FF.02 15DPA 6 27.96 2214 9.69 A T7
143 [Control FF.03 29DPA 4 48.45 42.92 51.35 A T6
365 |Control FR.02 47DPA 5 55.11 44.9 71.82 A T6
127 [Control FF.03 27DPA 3 4571 43.28 47.8 A T5
188 |Control FR.01 42DPA 3 55.38 47.1 77.39 A T6
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Use-Case

4| Bibliothéques
4 5] DATA
4 | DATA(C)
i} bsflow
b nmr_examples

I . nmrAnnot

[ jg nmrspec
4 || ODAM

4 || data
| friml

seeding harvesting

Mom

| images
D a_attributes.tsv

‘ D aliquots.bd

D aminoacids.tet

D compounds.bd
D enzymes.tut

_ | FRIM1Quantities.bt
D infos.md

D lipids_ag.tet

D plants. e

D plato_HexosesP
D pools.bdt

D gnmr_metabo.tt
D gnmr_pools.bd
D 5_subsets.tov

D samples.txt

samples
preparation

N T
e
PR
< i B
Experiment Design (DoE

& | B |
Sampleld  AliguotlD
1 1
1 2
2 3
2 4
3 5
3 6
4 7
4 8
5 9
5
6
]
31 I
31 110
32 111
32 112
33 112
33 114
34 115
34 116
a5 117
a5 118
36 119
36 120
57 361
97 362

aliquots.txt

ODAM Framework
Open Data for Access and Mining

VE:
EE

EDTMS

samples analysi$

Sample
identifiers

-
L LS
e

Sy na
L
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ODAM Framework
Open Data for Access and Mining

samples
preparation

harvesting

samples analysi

Use-Case R

Experiment Design (DoE)

i N Maom A B A B C D F z H I J K L
4 Bibliotheques SamplelD  AliguotlD AliguotlD  |PGMm F16BP i 1

. quo _Cyt  PyrK Cits PPI AcoS PFK Frus F16BP_5trom Glus ISODH_NAD |
4 gﬂ DATA J Images 1 1 1|NA 8.97 1599.53 64.53 2767.89 1172.28 192.05 876.13 523.57 722.19 508.99 |

4 J} DATA(C) _ | a_attributestsv 1 2 3 6344.78 85.02 1839.39 NA 3373.46 2014.02 263.33 984,08 634.14 622.22 975.77

) 2 3 5 5336.12 14.58 1399.41 65.84 2642.21 980.02 184.31 743.8 44593 518.01 555.54

L bsflow - .| aliquots.bxt 5 a 7| 537643 23.81  1333.66 105.67  2663.67  1349.45 147.18 807.87 501.92 915.19 572.33

> | nmr_examples | aminoacids.bit 3 s 9 5230 25.21 1271.13 110.25 2575.94 865.05 177.67 792.12 459.77 510.8 421.23

> B nmrAnnot E compounds.ha 3 ¢ 11 6147.04 24.19 754.24 63.66 2272.79 1005.74 144,17 641.46 467.71 598.68 416.04

109 5416.24 35.57 1833.13 168.54 2779.48 869.08 197.73 971,88 494.3 614.79 660.68

> | nmrspec - | enzymes.bt 4 7 111 8054.61 33.14 2128.92 64.59 3128.5 1830.77 270.3 1008.07 778.47 1271.77 965.12

4 | ODAM _ | FRIM1Quantities.bt 4 8 113 3997.96 0.7 3053.11 1.2 2330.09 719.39 250.87 1223.19 360.15 526.31 437.56

) 3 3 115 545974 23.73 1944.78 59.71 3338.61 1168.66 246.51 1039.7 526.42 606.25 607.02

4 1) data L| infos.md 5 10 117 7509.32 1.71 1593.34 8.34 2597.87 1035.6 260.67 1019.02 663.14 986.63 632.42

 friml | lipids_ag.bt 6 11 119 6018.59 21.54 1624.31 50.1 2755.34 1245.73 243.07 915,78 530.86 832.47 659.72

plantsiba 6 12 361 3967.66 12.54 786.54 88.85 1828.44 363.23 131.41 525.24 268.55 337.81 210.84

f— 31 109 363 4753.73 17.77 728.5 NA 1869.46 450.13 171.89 593.3 357.74 220.39 247.36

— - | plato_HexosesP.bxt 31 110 365 3836.19 4.16 603.74 31.55 1836.44 330.26 131.87 499,38 208.85 249.95 190.41
e £ pools.bt 32 111 367 411 4.37 507.67 7.39 137113 573.06 128.65 390.78 283.25 304.36 3017 |

369 3798.59 15.14 703.9 82.78 1473.25 286.02 120.11 438.09 260.44 240.08 204.19

| gnmr_metabo.txt 2 112 371 5610.69 14.69 1092.42 99.09 2384.35 799.55 182.18 812.09 425.56 583.97 366.29

| gnmr_pools.bd 3 113 373 4220.68 31.7 592.57 14.81 1654.27 602.62 150.23 480.9 283.92 354,94 256.53

AP 33 114 375| 324292 12.68 557.38 122 161242 359.41 119.45 407.36 279.22 290.21 202.92

- 34 115 377 3100.01 21.21 467.95 60.43 1095.82 369.89 93.32 206.48 170.71 196.26 146.66
| samples.tbt 34 116 379[NA NA 584.29 26.11 1787.02 668.52 158.95 433.82 262.62 334.18 291.38 |

35 117 381 3483.95 8.98 771.26 13.32 1514.18 497.3 115.14 337.25 234.69 271.34 216.68

35 118 384 4011.16 4,85 590.28 13.75 1245.94 378.87 109.77 344,62 193.74 165.72 196.86

a6 119 385 1767.14 11.57 351.52 43.95 881.43 174.81 85.89 91.79 127.57 82.19 135.55

36 120 387 1907.36 10.54 263.66 36.35 964,63 135.77 70.58 137.41 108.43 151.45 110.26

97 361 389 1843.23 10.37 214.02 22.79 837.37 32.88 85.74 141.82 124.58 61.97 120.31

57 362 391 2322.24 15.06 349.62 52.12 1014.67 230.62 80.48 185.05 187.63 56.33 151.72

393 3826.41 18.98 466.4 103.64 1485.31 212.96 140.72 304.75 184.27 181.77 169.72

ali qu ots.txt 395 2433.08 18.13 556.97 63.22 1154 286.7 103.31 193.56 127.9 138.77 172.3

397 4924.26 17.89 1327.67 50.79 2225.01 657.4 160.33 638.3 398.38 458.04 495.24
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Data capture... as far upstream as possible
Take into account users operating methods and work habits

Spreadsheet as a central tool

Despite all their drawbacks Promote
e.g. multiple information in a format without internal structure | good practices
This does not take away any of their benefits
Universal tool

|:>But: Repetitive and tedious tasks

Gathering Data and Preparing Data :
* lot of data manipulation, mainly in the form of table, Provide /

* combine data sets according to a common field (identifiers) .
services

Modelisation :
* selection of subset of data then many repetitions of complex
processing operations
* according to a very varied parametrization (scenarios).

Allow users to gain efficiency where they would like to gain efficiency

Handling of all these tasks related to data management
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Promote good practices

samples : Sample features

seeding

Experiment Design (DoE)

harvesting

samples
preparation

a

A B C D E | H | |
SamplelD Treatment DevStage FruitAge FruitPosition FruitDiamete FruitHeight FruitFW Rank Truss X %
115 Control FF.01 07DPA 3 11.95 10.42 081 A T7
121 Control FF.03 22DPA 3 36.13 31.77 2143 A T6 and retied o Géiars [dats)
164 Control FR.01 42DPA 2 51.09 46.85 64.05 A T5 *
353 Control FR.04 55DPA 5 48.28 43.35 66.64 A T5 5 OPEN DATA idanitified by Uis
355 Control FR.04 55DPA 3 49.84 44.93 66.98 A T5 i T T
413 Control FR.02 47DPA 1 60.48 54.23 106.13 A T7
512 Control FF.03 21DPA NA 41 35.82 37.22A TA T
117 Control FF.01 07DPA 3 13.44 12.39 114 A T7 e
536 Control FR.02 47DPA NA 59.4 49.05 87.28 A TA Data on the web, open license || = ]
544 Control FR.03 S50DPA NA 57.31 47.69 92.86 A TA e 31
158 Control FF.04 35DPA 5 58.38 49.3 92.86 A T5 - @ s nor | ﬁ |
109 Control FF.03 22DPA 7 43.37 35.77 3873 A T5 s S
134 Control FF.02 15DPA 3 27.89 23.8 9.88 A T7
31 Control FF.01 08DPA 4 NA NA 0.48 A T6 H H
179 Control FF.03 28DPA 3 53.68 45.43 65.34 A T7 necessa ry an d In d IS pe nsa b | € Ste p
383 Control FF.04 34DPA 5 47.04 41.19 48.96 A T7 H
« ».
425 Control FR.04 55DPA 2 62.74 50.27 1153 A T7 towa rds Llnked open Data
520 Control FF.03 30DPA NA 48.86 41.52 52.94 A TA
419 Control FR.03 S50DPA 2 55.63 48.02 86.79 A 7
138 Control FF.02 15DPA 6 27.96 22.14 9.69 A T7
143 Control FF.03 29DPA 4 48.45 42.92 5135A T6 Promote non_propneta ry
365 Control FR.02 47DPA 5 55.11 44.9 71.82 A T6 .
127 Control FF.03 27DPA 3 45.71 43.28 47.8 A TS5 format like CSV or TSV
188 Control FR.01 42DPA 3 55.38 47.1 7739 A T6
Data

Well organized data

Each variable forms a column
Each observation forms a line

Each type of "unit observational" forms a table

OL RE OF

# notepad !
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Promote good practices

samples : Sample features

seeding

harvesting

samples
preparation

A "1 A
£ RS
i o

Experiment Design (DoE)

samples analysis

A B C D H I
(SampIeID reatment  DevStage FruitAge Y FruitPosition FruitDiamete FruitHeight FruitFW “YRank Truss
115 Fontrol FF.01 07DPA 3 11.95 10.42 0.8] A 7
121 fontrol FF.03 22DPA 3 36.13 31.77 2143 A T6
164 fontrol FR.OL 42DPA 2 51.09 46.85 64.04 A 5 ; ; ;
T e o T soa 433 ecedn - Whatever the kind of experiment, this
| |dentifier R04 55DPA 3 49.84 44.93 66.94 A 1S assumes a design of experiment (DOE)
R.02 47DPA 1 60.48 54.23 106.13 A 7 . . T
512 fontrol  FF.03 21DPA NA 2 35.82 37.24A A involving individuals, samples or whatever
117 fontrol 3 3 13.44 1239 114 A 7 ; ; ;
536 Control FactorS A NA 59.4 49.05 87.24 A TA thlngs, as the main ObJECtS of StUdy (e'g'
sa4fontrol e oo A |Na 5721 4760 92.84 A TA plants, tissues, bacteria, ...)
158 fontrol FF.04 35DPA . . 92.84 A 5
109 fontrol FF.03 22DPA Quantltatlves 3874 A 5
134 fontrol FF.02 15DPA > 2109 o0 9.84 A 7 This also assumes the observation of
31 fontrol FF.O1 08DPA 4 NA 0.44 A T6 . .
179 ontrol FF.03 28DPA 3 53.68 45.43 65.34 A 17 dependent variables resultlng of effects
383 fontrol FF.04 34DPA 5 47.04 41.19 48.94 A ;
425 fontrol FR.04 55DPA 2 62.74 50.27 115.3 I- . of some controlled experiment factors.
520 fontrol FF.03 30DPA NA 48.86 4152 52.94 Qua itatives
419 ontrol FR.03 50DPA 2 55.63 48.02 86.79 A 1 ;
138 fontrol FF.02 15SDPA 6 27.96 22.14 9.69 A 7 Moreover, the ObJeCtS of StUdy have
143 [ontrol FF.03 29DPA 4 48.45 42.92 51.39A 6 usuaIIy an identifier for each of them, and
365 fontrol FR.02 47DPA 5 55.11 44.9 71.84 A T6 . R
127 fontrol  FF.03 27DPA 3 45.71 43.28 474 T5 the variables can be quantitative or
188 fontrol FR.OL 420PA | 3 55.38 47.1 77.34 A T6 ) q ualitative.

l Data

Well organized data
Each variable forms a column
Each observation forms a line

Each type of "unit observational" forms a table

Promote non-proprietary
format like CSV or TSV oL e oF
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Promote good practices

samples : Sample features

samples
harvesting

seeding

preparation

samples analysis

A | B ‘ C D E ‘ F G H | ‘ J
SamplelD reatment  DevStage FruitAge ( FruitPosition FruitDiamete FruitHeight FruitFW Rank Truss ] X %

115 ontrol FF.01 07D 3 11.95 10.42 0.8 A 7 s H

i S T — S - I [ % Description of the different
164 ontrol FR.01 42 2 51.09 46.85 64.04 A TS | . h . fl
arabea "R.04 55D 5 48.28 4335 66.64 A TS columns within data lnes

o£ ‘R.04 55DP, 3
Identifier 5 o ;
ii; :°"z'°: FRO3 210PA NA , |SampleiD Pool of several harvests Identifier
l.ontrol

536 Lontrol Factors A Treatment Treatment applied on plants Factor

544 [ontrol e e NA DevStage fruit development stage Factor

158 Control FF.04 35DPA . . .

109 Fontrol FF 03 >2DPA Qu FruitAge fruit age Days post-anthesis (dpa) Factor

134 [ontrol FF.02 15DPA > | FruitDiameter Fruit diameter mm Variable

31 Lontrol  FF.0L 08DPA 4 M FruitHeight  Fruit height mm Variable

179 fontrol FF.03 28DPA 3 . ) . .

383 Fontrol FF.04 34DPA s | FruitFwW Fruit Fresh Weight(g) g Variable
425 [ontrol FR.04 55DPA 2 [Rank Row of the invidual plant on the table Feature

520 Lontrol FF.03 30DPA NA . :
215 Fontrol FR O3 0DPA , |Truss Position on the stem of the truss categorles Feature

138 [ontrol FF.02 15DPA 6 27.96 2214 9.6 A 7 . .

143 [ontrol FF.03 29DPA a4 48.45 4292 5139 A T6 D identifier ™ d
365 ontrol FR.02 47DPA 5 55.11 44.9 71.81 A T6 |:| factor etadata
127 [ontrol FF.03 27DPA 3 4571 43.28 474 A TS o

188 fontrol FR.01 42DPA L 3 55.38 47.1 7734 A T6 I:l qualltatlve

I\ J
Data

—> Metadata : not just on the "top"

linked to datasets

but more deeply linked to the variables.

] guantitative
\_ J

Promote non-proprietary _

format like CSV or TSV oL
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ODAM Framework

. . . Open Data for Access and Minin
Promote good practices Minimal but relevant Metadata P 8

Metadata Files
» Our approach, by adjoining some minimal but relevant metadata,

gives access to the data themselves with the possibility to explore and
mine them.

For that, 2 definition files for associate metadata are required

* s _subsets.tsv: a definition file allowing each data subset file to be
associated with a concept

* a_attributes.tsv: a definition file allowing each attribute

(concept/variable) to be annotated with some minimal but relevant
metadata
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ODAM Framework
Open Data for Access and Mining

Promote good practices Minimal but relevant Metadata
E‘
Metadata Files Metadata file allowing to associate a key concept to each data subset file =]

1

1 [Ehls obtainedFrom  subset identifier description CV_term_id CV_term_name :

2 1 0 plants PlantelD plants.tsv Plant features : http://purl.obolibrary.orgfobo/PO 0000003 whole plant :

3 2 1 harvests Lot harvests.tsv Harvest features : http://purl.obolibr R yrgan harvesting :
4 3 é 2 kamples SamplelD  samples.tsv Samples features : http://purl.obolibr O t I O n a I Tuit 1

5 4 3 kompounds| SamplelD  compounds.tsv Compound quantifications 1 http://purl.obolibr p ‘hemical entity :

6 5 3 enzymes | SamplelD  enzymes.tsv Enzyme Features : http://purl.obolibra y.orgruwur uor_vuuuee r anzyme :

! 1

compounds.tsv
»
/categories enzymes.tsv
Samples Enzymes
[ ] identifier @
[ ] factor

[ ] qualitative
] quantitative

\_ J

== “|s Obtained From”
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ODAM Framework

. .. Open Data for A d Mini
Promote good practices Minimal but relevant Metadata pen Datafor fccess and Wining

Metadata Files Metadata file allowing to associate a key concept to each data subset file

B g D ———— -G ______________
pl rank obtainedFrom  subset identifier  file description CV_term_id CV_term_name
2 1 0l plants PlantelD | plants.csv Plant features : http://purl.obolibrary.org/oba/PO_0000003 whole plant :
b X % 3 2 1} harvests Lot harvests.csv Harvest features | http://purl.obolibr==- ~==f~k~innt 21annag organ harvesting |
S_S u Sets .tSV 4 3 2 samples SamplelD | samples.csv Samples features I http://purl.obolibt O H I fruit 1
5 4 3! compounds SamplelD| compounds.csv Compound quantificaticns! http://purl.obolibt pt I O n a | chemical entity :
6 5 3:\enwmes SamplelD| enzymes.csv Enzyme Features 1 http://purl.obolibtary.urgruvur ubi_wwouas/ enzyme |

1
tt 'b t t 1 attribute i '_term_name 1
a_a rl u es- SV X 2 1plants PlantelD plantid identifier numeric Plant identifier I http://purl.obolibrary.org individual organism identifier 1
3 | plants Row row qualitative string Row of the invidual plant on the table ! http://ncich.nci.nih.gov/» Row :
4 plants Plant plant string Code identifier of the individual plantI http://ncich.nci.nih.gov/x Discrete Set Coded String Data Type 1
5 |plants Treatment treatment|] factor string Treatment applied on plants | http://www.ebi.ac.uk/efienvironmental factor 1
61 plants Genotype qualitative string Genotype 1 1
7 !l harvests Lot lot identifier numeric Pool of several harvests : http://www.ebi.ac.uk/efi sample pooling :
3 || harvests PlantelD numeric Plant identifier | http://purl.obolibrary.org individual erganism identifier 1
9 1 harvests Truss qualitative string Position on the stem of the truss 1 http://purl.obolibrary.org stem node 1
101 harvests HarvestDate string Harvest date 1 I
111 harvests HarvestHour string Harvest hour : :
12! harvests FruitAge age factor string fruit development stage 1 http://purl.obolibrary.org fruit development stage 1
13 harvests FruitPosition qualitative numeric Poistion on the truss of the fruit I http://ncicb.nci.ni’ ) ) 1
144 harvests FruitDiameter quantitative numeric Fruit diameter (mm) I http://ncicb.nci.ni Optional !
151/ harvests FruitHeight quantitative numeric Fruit height (mm) : http://ncicb.nci.ni :
16! harvests FruitFw quantitative numeric Fruit Fresh Weight(g) | http://ncicb.nci.nih.gov/x Weight 1
17||samples SamplelD sampleid identifier numeric Sample identifier I http://purl.obolibrary.org centrally registered identifier 1
18;/ samples Lot numeric Pool of several harvests I http://wwiw.ebi.ac.uk/ef sample pooling :
19 samples NbFruit numeric Fruit Number per sample ]
f 201 samples GellyFw quantitative numeric Gelly Fred Weight{g) g
.
categorles 21}|samples GellyFruit quantitative numeric Gelly per Fruit (estima Additlonal data SUbSEtS can be added
22}|samples BER string BER
I:I . ) 23j|compoundsyl  SamplelD sampleid identifier numeric Sample identifier Ste b ste as soon as data are
Identlfler 241 compoundsy DPA factor numeric Day Per Anthesis p y p’
I:I faCtOF 251 compoundsy MassBefore quantitative numeric m av.extraction (g) produced_
26) compoundsl  MassMIA quantitative numeric masse MIA (g)
I:I q ua I |tat|ve 27, compoundsy RDT quantitative numeric Rdt (% MIA/DW) T T
|| compounds, arch antitative numeric osage amidon oids, 1 ://purl.obolibrary.org starc 1
28} compounds|  Starchl titati i Dosage amidon (%poids/MIA] ht; Lobolib tarch
1
I:l quantltatlve 29: compoundsy  Starch2 antitative numeric amidon (g/gDwW) I hiip://purl.obolibrary.org starch !
compounds! quantitative numeric ://purl.obolibrary.org rhamnose
d RHAMNOSE titati i RHAMNOSE : htt; l.obolib h :
= R e e T !
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Data Emancipation ODAM
; F
4 - Bibliothéques Hom %E A
4@ DATA | images EDTMS
4 || DATA(C) -._. a_attributes.tev INTEROPERABLE
s L beflow || aliquots.tat
> [ nmr_examples | aminoacids.od With the help of the two metadata files R
s nmrAnnct || compounds.tet
* L nmrspec || enzymes.txt NN N
4k ODAM = FliQ“a”titiESmﬂ Data emancipation\
4 . data || infos.md .
 frimi ) fipids, ag regarding Tools
L plantsixt Data < API < Tools

= plato_HexosesP. bt

Is. . . .
. - ODAM framework allows experimental data tables to be widely accessible and

fully reusable including through a scripting language such as R, and this with
minimal effort on the part of the data provider.

| gnmr_metabo. bt
| gnmir_pools.td

- =] s_subsets.tsv

|| samples.tet

« The approach consists in building a web-based data network, based on

appropriate technologies (Web API), and using standard data formats (TSV,
JSON).
API Tools —

Data
+ Web applications, each with a clearly defined objective, then operate this network.
Multiscale deployment « Adata can therefore be used for several applications and vice versa. The data
Local / Intranet / Internet management system becomes completely independent of its operation.

+ The datais thus “decompartmentalized”, a sine qua non condition for the Web of
Data
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ODAM Framework Overview ODAM

Promote Provide Open Data for Access and Mining
good practices services
Experiment
Data Tables
+ Metadata Storage and

F

sharing with all A
partners
I NTEROPERABLE
R
VM /docker < { }j
API
Multiscale deployment

Local / Intranet / Internet

Additional data subsets can be
added step by step, as soon as TSV GET
data are produced.

Data can be
downloaded,
Merely dropping data files in a data repository explored and mined

(e.g. a local disk, NAS or distant storage space)
should allow users to access them by web API

No database schema, no programming code are required
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ODAM Framework Overview

Promote
good practices
Experiment

Data Tables
+ Metadata

Drag & Drop

Additional data subsets can be
added step by step, as soon as
data are produced.

Virtual Machines

libraries libraries libraries
Guest 05 Guest OS Guest 05
Hypervisor

Host OS5

ODAM
Provide Open Data for Access and Mining
services
Storage and
sharing with all f\
* partners
I NTEROPERABLE

R
VM /docker < {} }m
Multiscale deployment

Local / Intranet / Internet

GET

Data can be
downloaded,
explored and mined

libraries libraries Docker

Guest 05

Infrastructure : physical layer

Infrastructure : PC Desktop, Laptop, Server, Data centre, Cloud

Host OS : MS Windows 10, Mac OS, Unix / Linux, ...
Hypervisor : Virtual Box, VMware, ...

Multiscale deployment
Local / Intranet / Internet
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ODAM

N .
Infrastructure : PC Desktop, Laptop Open Data for Access and Mining
Host OS : MS Windows 10, Mac OS
Hypervisor : Virtual Box

ODAM
Virtual Disk Image 7 %] 4 7 Bibliotheques
e AN 4 5] DATA
ra =] Preview Z

L nmr_examples

Powered OFf - S |
- 4 DATA (C)
C:\Usersdjaco. GATAWirtualBox WMslodam l y .
J—
wwwww
"
” | = 4 bsflow
o Boot O y, Optica, Herd Disk
Acceler: D-V, Nested Paging, PAE/NX, KYM Paravir tualization |
s e } P
sl b
T3 Ma

G H e (F'" | nmr&nnot
Name Path Access AutoMount At | [0
C T G ra | L nmrspec
Multiscale Share the root ODAM
deployment .
Local / Intranet / b directory of your 4
Internet S datasets
N [ y,
\&ET u, Data can be
< {} A}. downloaded,
. See the ODAM explored and Tov
installation Guide mined

http://pmb-bordeaux.fr/odam/

@il https://bio.tools/ODAM
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Make both metadata and data available for data mining

ODAM

Open Data for Access and Mining®

App"C&’[iOﬂ ‘éé https://pmb-bordeaux.fr/odamsw/
Programming EDTVS
Interface

REST Services: hierarchical tree of resource naming (URL)  With the help of the two metadata files

<data format>
/getdata/infos/{dataset} getinformation

<dataset name>

/getdata/json/{dataset}/check testchecks / \A

<subset> (<subset>)

N\

/getdata/{format}/{dataset} Getthe subsetlistofa dataset

ﬂ <entry> <category> <entry>
ﬂ fgetdata/{format}/{dataset}/metadata Getall attribute metadata <vate> <vaie> <vjue>
r —
R
nE [ﬂ fgetdata/{format}/{dataset}/({subset})?1limit={Llimit} Getallvalues of a merged data subsets
REST query 1 [ﬂ /getdata/{format}/{dataset}/({subset}) /entry Gettheenty list of a merged data subsets
(GET, POST, atc.) l‘I-JSON data
R EST LAYE R [ﬂ /getdata/{format}/{dataset}/({subset})/{entry}/{value}?limit={limit} Get all values of 8 merged data subsets for a specific value of an (WS)entry
BUSINESS LOGIC LAYER { } API [ﬂ /getdata/{format}/{dataset}/({subset})/{category} Getthe variable list within the specified category of a merged data subsets

- Data can be explored and mined based on some minimal but relevant metadata

Experiment

=== ;ﬁDataTables
—J—JL—JL— + Metadata
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Open Data for Access and Mining® < ODAM
https://pmb-bordeaux.fr/odamsw/

{ } API Request URL

http://pmb-bordeaux. fr fgetdata/tsv/friml/ {activome,gNMR_metabo) fsample/3652Limit=18

Identifiers PlantID] Rank *lantNumm]Treat seaf{SamplelD[Tr piove ool poi] s Lt T S TPl s e Ticiore it | gl
Contrd 5 ] "61789 1327675079 222501657 50483 7036199274 372.9002229 0
1 Control v 22 it 312306 8.67 45085 2353 1194.12 28849 230013475 33.0778677 B71.7036417 0
Al A 1 Control 164 TS FROI 42DPA 493 1597.7 516 23769 3463 57874 8492 FI7  723.1068785 27.73666046 970.4150597 0
Al A ) Conwal 333 T5 FRO4 33DPA 1019 779.85 17.04 37357 NA 39551 15366  F23 8017624659 27.50853314 1103460076 4.104895086
A2 A 2 Conmol 335 TS FRO4 55DPA 1023 63513 9.08 30012 NA 33839 10022  F23 8017624659 27.50853514 1103 460076 4.104895086
Merging & Al A 2 Control 413 T7 FRO2 47DPA 1138 1073.54 10.4 185.82 20.02 336.79 113.81 F20 0653261679 31.79354234 1155474234 3 128774247
A3 A 3 Control 117 T? FF01  07DPA 401 3698.58 NA 98772 3327 20811163785  Fl 4083950483 70.36199274 372.9002229 0
selection Of data A4 A 3 Control 138 FF04  35DPA 481 1702.19 24.39 27628 NA 769.92 21497  F15  751.8424341 23.0485025 94872501990
> Control Sg ﬁi g 22DPA 385 1a:ctltv 'es: 4395 88143 17481 F8 631 smmmmu
subsets ﬁplal‘ts Control mpie 15DPA 433 ED yod sorng’ 21 6473 2049422963 F6 61939 o
A6 A 6 Control FFOl  0SDPA 109 $416.24 35.57 1833.13 168.54 277048 869.08  F3 33563376494 48.89175215 353.455502 0
A6 A 6 Control 119 1'1 FFO03  28DPA 523 1438.53 11 .84 34865 641 49448 84.64 Fil 9668603372 2747090189 1062.996002 0
A6 A 6 Comrol 383 T7 FFO4  34DPA 1079 1410283 81 28087 2035 77823 12473 Fl3  §73.6366279 2227264949 1029943239 0
A6 A & Control 425 T7 FRO4 55DPA 1163 14832 347 2338 9862 18562 7107 F25  1128.526505 29.07120456 133954916 5643624441
AT A 7 Control 419 T7 FRO3 S0DPA 1151 56366 1385 24598 6419 34119 87.64 F22 105048663 3366103031 124374997 3.503144469
. A8 A 8 Control 138 T7 FFO2  15DPA 441 2869192296 70299 1924 14580643554  F6 6193250882 45 83076382 651.0915378 0
= AVOIdS |OtS Of data A8 A 8 Control 143 T6 FEO03  29DPA 451 2273.129.52 44516 NA 98239 21003  F12  670.2061808 23.04077746 §57.8519232 0
. . AR AT Control 363 T6 FRO2 47DPA 1043 NA 1092 30468 612 57656 14505  F19 7566885092 33.90751466 9754853638 1.544911295
man|pu|at|on a9 A 9 Comtrol 127 TS FE03  27DPA 421 2098.25 13.85 43106 1527 84183 2037 FIO 6232729217 27.38271169 7906343093 0
A9 A 3§ Conwol 188 T6 FROI 42DPA ( bo)
= HH H H A0 A 10 Contral 33 16 ¥Fro1 osopa - (Qctivome qNMR_metabo
’ —
Facilitates linking both 4 + 1 Cma = 7 Fn oom -
t d t d d t f Ald A 14 Comwol 103 T6 FE02  15DRA plants + samples
me a a a an a a or Ald A 14 Control 119 T7 FFOl 07DPA +(a|IC|U0tS+aCtIVOme)
. e Ald A 14 Conwol 119 T7 FEO1  07DPA
data mining Al A 18 Control 181 T7 FFO3  28DPA + (pools+qNMR_metabo)
A4 A 14 Control 367 T6 FRO2 47DPA
AlS A 15 Control 97 T5 FFO2 15DPA
AlS A IS Control 123 T6 FF03  22DPA
ATST AT 1S Control 377 T6 FRO4 55DPA
Als A 15 Control 423 T7 FRO?  30DPA
A7 A 17 Control 136 T7 FF02  135DPA

EE=D € ) ¢

% Example based on FRIM - Fruit Integrative Modelling
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Data Emancipation

ODAM
<= F
B A

With the help of the two metadata files

INTEROPERABLE

R

: . MNom
4 o Biblicthéques
45| DATA L images
4 || DATA(C) mm) | o attributes.tsy
B bsflow || aliquots.tat
I ) nmr_examples || aminoacids.bxt
00 nmrAnnot || compounds.tet
= ) nmrspec | enzymes.bd
4 | ODAM | FRIM1Quantities. et
4 || data || infos.md
Blfriml | lipids_ag.txt
| plants.txt

= plato_HexosesP. bt
|| pools.bd

| gnmr_metabo. bt

| gnmir_pools.td

‘ =] s_subsets.tsv

|| samples.tet

(53 e

Data
Multiscale deployment
Local / Intranet / Internet
VM /docker

—> Data emancipation
regarding Tools
Data <»>API <> Tools

_—
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—

Data Explorer

Univariate exploration

. ®
A TNG
jupyterlab
Y’
--Galaxy
Develop if needed, lightweight tools D ‘ ‘
Bio. Flow - R scripts (Galaxy), lightweight GUI %

(R shiny)

biostatflow.org

https://shiny.rstudio.com/
https://plot.ly/dash/

il plotly | Dash




@ FRIM1

Data Table

| Univariate

|l Bivariate

[4d  Multivariate

6 About

ViS.uaI data exploration https://pmb-bordeaux.fr/dataexplorer/
a first key step for deeper analyses

Example online

https://pmb-bordeaux.fr/dataexplorer/?ds=frim1

Subset Information Data Information

’ Tomato

Culture location
» |NWVEMNIC, Ste Livrade, France

EDTMS

ERASysBio++ FRIM Project

Fruit Integrative Modelling m Rtlol,-’EI| il
psi//plotly

The praoject aimad fo build a virtual tomata fruit that enables the prediction of melabolite levels given genetic and environmenial inputs, by an

iterative process between Iaboratories which combine expertise in fruit biclogy, ecophysiclogy, theoretical and experimental biochemistry,
and biotechnology. [ } AP

=== |NRA @ INRAUMR 1232 8P - Metabolism Team - Yves Gibon - 2017

e R shiny
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& Frin

With the help of the two metadata files

4 - Bibliothéques om
‘&ﬁ DATA 1. images
4 ) DATA(C) - = a_attributes.tew
B bsflow || aliquots.tat
L nmr_examples || aminoacids.txt
> . nmrAnnot | compounds.tet
= ) nmrspec || enzymes.bd
4 |, ODAM | FRIM1Quantities. et
4 || data || infos.md
» frim1 | lipids_ag.txt
> [ fish2015 ] plants.tdt
= plato_HexosesP. bt
LN

OO

<data format>

<dataset name>

~

|| pools.bd

| gnmr_metabo. bt
| gnmir_pools.td
=] s_subsets.tsv

|| samples.tet

<subset> (<subset>)
<entry> <category> <entry>
<value> <value> <value>

DAM

EDTMS

{} API “

Data Subset Information =

Subset
samples
cellwall_metabo
cellwall_metaboFW
activome
qMS_metabo
gNMR_metabo
plato_hexosaesP
lipids_AG
AminoAcid

Showing 1 to O of 9 entries

plantse

Description
Sample features
Cell wall Compound quantific ations
Cell Wall Compound quantifications (FW)
Activome Features
MS Compounds quantification
NMR Compounds quantification
Hexoses Phosphate
Lipids AG

Amino Acids

samplese

Identifier
SamplelD
AliquatiD
AliquatiD
AliquatiD
FoollD
FoollD
AliquotiD
AliquatiD

AliquotiD

aliquotse-

poolse
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WSEntry
sample
aliquot
aliguot
aliquot
pool
pool
aliquot
aligquot

aliquot

CV_Term
[OBI_1110046] organ harvesting
[CHEBI_24431] chemical entity
[CHEBI_24431] chemical entity
[CHEBI_24431] chemical entity
[CHEBI_24431] chemical entity
[OBI_1110048] organ harvesting
[CHEBI_24431] chemical entity
[CHEBI_24431] chemical entity

[CHEBI_24431] chemical entity

ocellwall _metabo
ccellwall metaboFW
oactivome
oplato_hexosesP
olipids AG
ocAminoAcid

oqgMS_metabo
oqNMR_metabo



ODAM - Data Explorer = fish2015 -

With the help of the two metadata files
’ ODAM

4 - Bibliothéques images
Subset Description Identifier WSEntry CV_Term
4 5] DATA ) [3 o_attributes.tsy
4 k DATA (C::I Fishhprilzm 5.bct fish Fish features Poisson_id poisson [nuil] NULL
b beflow FoieAuncket;,txt plasma Plasma Biochimie Plasma_id plasma [null] NULL
. EDTMS
b0 nmr_examples FoieMuscle bt foiemuscle Foie Muscle Vol et Poids Sample_id sample [null] NULL
L) nmrAnneot MusclefgBuckets. et )
plasmabuckets Flazma Buckets Flasma_id [null] NULL
I> | nmrspec MuscleCompaositionAG.bet { } API “
. .. foiebuckect: Foie Bucket: Faq_id i Il NULL
4 ) ODAM PlasmaBicchimietxt oeneeE ole BHeEE o o ol
4 | data PlasmaBuckets.bet musclebuckets Muscle Buckets Mag_id maqg [null] NULL
» frirn1 - = subsets.tov muscleAG Compo AG muscles analyses Numea MAG_id muscleag [null] NULL
3 fish2015 Showing 1 to 7 of 7 entries
see
plasmac oplasmabuckets

fishe

<data format>

ofoiebuckects

<dataset name>

N folemusclee smusclebuckets

<subset> (<subset>)
s <catm<> \<entry> omuscleAG
<value> <value> <value>
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ODAM - Data Explorer = fri Activome Features ‘ FRI M1

@ Subset Information Uniwvariate exploration

lal Data Table Factor for X Axis Factor for Grouping Variabie to explore
fruit development stage - Treatmeni applied on plants - ‘ Phosphofructokinase - |
-
|dd Bivariate Phosphoglucomutase 1
Fructose-1 6-bisphosphatase
|ad  Multivariate _
000 Pyruvate kinase
@ About Citrate synthase
Phosphofructokinase
—
o —_— Aconitase
8 . }
@ Shconbolfiucialinoea
@ !
C2000—
vy
5]
=)
8]
3
=
o
L=
[=%
w
Q
F1000-

Plotl

ps://plot.ly/

i - {} APl

FF.01 FF.02 FF.03 FF.04 FR.01 FR.02 FR.03 FR.04
fruit development stage
Select First Factor Levels Select Second Factor Levels
i Cune
FFO1 FEO2 FEO3 FFEO4 FRO1 FRO2 FRO3 Control Shaded WaterStress -
[7] Log10 () Violin

FR.04
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ODAM - Data Explorer =R (W Activome Features - ‘ FRI M1
@ Subset Information Uniwvariate exploration

lul Data Table Factor for X Axis Factor for Grouping Variable to explore

fruit development stage - Treatmeni applied on plants - ‘ Phosphofructokinase - l

|wd Univariate

-

l#l Bivariate Phosphoglucomutase u !

Fructose-1 6-bisphosphatase
|ad  Multivariate

3000 Pyruvate kinase
@ About Citrate synthase
Phosphofructokinase

;&: Aconitase

® Explore seve ral Bhoenbofructolinaca

D000~ e
: possibilities by

g . . . 1 H
E interacting with the With the help of the two metadata files
8 h

5 grap
F1000-

Plotl
ttps://plot.ly/
5 ( { } AP
fruit deVelopment stage
Select First Facfor Levels Select Second Factor Levels
i Cune
FFO1 FFO2 FFO2 FFO4 FROY FROZ FRO3 Control Shaded WaterStress o
FR.D4 [] LogiD () Violin
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ODAM - Data Explorer ~ = fri Activome Features ‘ FRIM-I USing Data

Factor for highlighting the classification Analysis Type CutputType Factor for highlighting the classification Analysis Type Output Type

@ Subset Information

Treatment appiied on plants - Gaussian graphical model (GGM) - Variables - Treatment applied on plants - Heaimap of correiation matrix - Variables -

[0 Full Matrix

FOR
qualue 0.01 @ Shrinkage,
Auto

.l Data Table
ISODH_NADP
Cits.
FL6BP_Cyt
NI

Ll Univariate

Frus
Pyrk
shis

PFK

- PPl
Wil Bivariate F16BP_Stroma
gﬁ'g Pearson
e Correlation
SucCoAlig 1.0
= FBRA
il Multivariate hepS
TPI
_ MALDH 05
5 phos
S GLUDH_NAD
© About Fums 0.0
AGPS
G6PDH
PGI_tot
ISODH_NAD -0-5
GLUDH_NADP
o= MAL_NADP
-1.0

UGPS
Solstarchs
20

Explore your data in several
ways according to your

e R concerns and always by
interacting with the graphs

L g8 O F LT HEF
S EELES 55O
& O

&

Analysis Type Output Type

Principal Component Analysis (PCA) - Identiiers. -

@ Scale FC1us FC2 - @ @ Labels a

Grey
Background

fruit develop

s FRO1
s FRO2
s FRO3
s FRO4
A2 FR.OL

i Az FR.02
439437 Y&

s FR.O3

s FR.O4

PC3 = 3.79%1

0
1
PC2= 561% 2

s
PC1 = 60.46%
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ODAM - Data Explorer Activome Features b F RI M 1 U Si ng Data

Columns to show: | Search-
= Cooy Excal
& Subset Information PlantiD | __|| |
] Rank Treatme: DevStage FruitAge AliquotiD PGM F16BP_Cyt Pyrk Cits PRI AcoS PFK F16BP_Stroma Glus ISODH_NAD
lad Data Table -
|| PlantNum
All A
Ll Univariate # Treatment
SamplelD
: Control FFO1 D70PA 397 4924 26 1789 132767 5079 222501 £57 4 16033 36538 458.04 40524 ~
Ll Bivariate Truss
Control 03 220PA 409 312306 267 45085 2353 119412 288 49 12519 2007 21538 18353
Ll Multivariate B Deeshs
- |# Fruithge Contr¢ EX r t 483 15977 516 237 8n 3463 57574 8492 691 7258 4722 133.34
O About || HarvestDate Contre po as ... _ 547 314.05
= @ ] ODAM - Data Explorerxlsx - Excel
Heostton Cantrol FR.04 S5DPA ACCUEL | Perso  INSERTION ~ MISEENPAGE  FORMULES  DONNEES — REVISION  AFFICHAGE  DEVELOPPEUR a9 22751
i Contral FRO2 X Calior Tn Sa s == - |=a Slal tomat ¢ [Standard - _: 121.14 27508
EruitDiameter D - alibr A == =¢ Renvoyer a la ligne automatiquement andar B
Control FFO3 — — — | == == i 89.87
| FruitHeight Col - O A- === &= = Fusionner et centrer - 2. 95 000 8 £9 M's‘f_:"f
N conditiont
- Control FFO1 070PA 368,08 33688
| FruitFW Folice IF} Alignement [F} Mombre [F] i =
| bW Control FRO2 47DPA . 2128 2093
_ - i || Treatment
] Aliguotin Control FRO2 S0DPA 547 306 54
GM
AS far as pOSS|b|e Control FF.04 35DPA 7067 197.18
) 4EBP_Cyt
L x Control FEO3 220PA A B c D E F g H ! J K L M N o 5219 13555
kee th e OI d wa of b 1 [Treatment |DevstagFruitAge AliquotiD PGM  F16BP_Cy Pyrk  Cits PPl AcoS PFK  F16BP_Strom Glus  ISODH_NAD
p y . Contral FFO2 150PA * 26513 18057
its 2 Control  FF.01  07DPA 397 4924.3 17.89 1327.7 50.79 2225 657.4 160.3 398.38 458.04 495.24
u Sin th es Ci enti stl S - Control EFO1 DEDEA 3 Control  FF.03  22DPA 409 3123.1 8.67 450.85 23.53 1194.1 288.49 125.2 209.7 218.39  188.53 614.79 660,68
g \cos 4 |Control  FR.OL  42DPA 493 1597.7 5.16 237.69 34.63 578.74 84.92 66.91 72.58 47.22 133.34
k h Errim) B 2R 5 |control  FR.O4  55DPA 1019 779.85  17.04 373.57 395.51 153.66 66.41 37.27 647 31405 T el
:
WOrKS eetS T’ Contral EFO4 240PA 6 Control  FR.O4  55DPA 1023 635.13 9.08 300.12 338.39 100.22 64.27 33.65 9.9 227.51 556 122.12
Tus 7 (Control  FR.O2  47DPA 1139 1073.5 104 185.82 20.02 336.79 113.81 53.05 43.88 12114 275.09
4 F1EEP_Stroma e iy ST 8 |Control  FF.03  21DPA 1373 14467 6.44 259.53 493.07 102.94 68.73 85.44 89.87 e 5
g, Contral FEO3 300PA 9 Control  FF.01  07DPA 401 3698.6 987.72 33.27 20911 637.95 118.8 247.34 368.98  336.88 a5 12283
10 |Contral ~ FR.02  A7DPA 1421 1337 6.91 226.24 508.56 110.26 86 82.63 2128  296.93
#| 1SODH_NAD & RIS DR 11|Contral ~ FR.03  50DPA 1437 484.66  13.28 172.04 24.19 348.75 79.06 49.86 4197 947  306.54 e 2
Enos Contral FFOZ 15DPA 12 |Control FF.04 35DPA 481 1702.2 24.39 276.28 769.92 214.97 88.58 130.93 70.67 1597.18 3047 17669
|SODH_NADP 13 |Control  FF.03  22DPA 385 1767.1  11.97 351.52 43.95 881.43 174.81 85.89 127.57 82.19 13555
PERC Contrel FRD3 29DPA 14 |Control ~ FF.02  15DPA 433 31155  19.08 911.21 64.73 2049.4 2963 117 24141 26513 180.87 Ba.5 12128
— Contral FR.OZ 4TDPA 15 |Control FF.01 08DPA 109 5416.2 35.57 1833.1 168.5 2779.5 869.08 197.7 4954.3 614.79 660.68 2546 22235
contrn J— J— 16 |Control ~ FF.03  28DPA 523 1438.5  11.84 348.65 6.41 49448 84.64 70.67 33.81 3481  96.16 e e
- 1
SucCeALig o 17 |Control  FF.04  34DPA 1079 1419.3 3.81 289.87 20.35 778.23 124.73 68.16 5751 55.6 122,12
MALDH Contral FR.O1 420PA, 12 |Control  FR.04  55DPA 1163 348.32 3.47 233.8 98.62 185.62 7107 33.76 5.28 1532 16175 2577 114.93
o contra o J— 19 |Control  FF.03  30DPA 1389 1069.8 9.14 189.82 34.23 538.35 100.75 54.16 58.85 9.84 122.83 . P
-01 .31 B
Fums ontre 20 |Control ~ FR.03  50DPA 1151 563.66  13.85 24598 64.19 34119 87.64 44.91 49.19 28.09  266.62 <
o Shawing 1 to 25 of 255 entries 21 |Control  FF.02  15DPA 441 2869.2  22.96 702.99 19.24 1458.1 435.54 129.4 20016 3947  176.69
—
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ODAM - Data Explorer Activome Features ‘ F RI M-l U Sin g Data
® Subset Informaton The Comprehensive R

Archive Network
options (idth=256) https://cran.r-project.org

options(warn=-1})
options(stringsAsFactors=FALSE)

|l Data Table

|l Univariate

The R package
library(Rodam) >
Lul - Bivariate # Initislize the 'ODAM' obiect ROdam

dn <- new('odamws', "http://www.bordeaux.inra.fr/pmb/getdata/', "friml')

J

Ll Multivariate # Get the Data Tree

show{dh)
L # Get the data subsets list
dhisubsethames
# Get 'activome' data subset
ds ¢- dhigetSubsetByName( activome”)
# Show 2ll descriptions of variables
dsELABELS
# Show all factors defined in the data subset
dsifacnames
. ° # Show all quantitative variables defined in the data subset
ees Whlle aIIOWIng dsfvarnames
a Way to be more # Show a1l gualitative variables defined in the data subset

dsigqualnames
fficient
e ICIen eee # Display & summary for each quantitative wariable
summary(ds$data[, dsivarnames 1)

# Boxplot of all wariables defined in ds%varnames

Rank <- simplify2Zarray(lapply(dsfvarnames, function(x) { round{mean(logl®{ds%fdatal , x]), na.rm=T}) }})
Rank[!is.finite(Rank)] <- @

colRank <- Ramk - min(Rank) + 1

cols <- c('red', 'orange', 'darkgreen’, 'blue’, "purple’, 'brown’)

boxplot(logl@{ds$data[, ds$varnames]), outline=F, horizontal=T, border=cols[colRank], las=2, cex.axis=8.5)}
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,Q Retrieving Data within R

The R package The Comprehensive R Archive Network

https://cran.r-project.org/web/packages/Rodam/index.html
ROdam p proj g p g

library (Rodam)

#Get-the -metadata -of - the. 'friml’' . . dataset

dh-<- -new({'ocdanws', - "http:/ //pmb-bordeaux. fr/getdata/", { }
<data format> API
levelName SetID Identifier WSEntry Dezscription Count tsv
plants 1 PlantID plant Plant features 552
®——zamples 2 SampleIDl sample Sample features 1287
i——aliguots 3 AligquotID aliguot Aliguots features 2571 <dataset name> .
H i—-cellwall metabo 4 AligquotID aligquot Cell wall Compound guantifications 343 .f”ml
H i—-cellwall metaboFW 5 AliquotID aligquot Cell Wall Compound guantifications (FW) 343
H |——activome & RAliguotID aliguot Aoctivome Features 1260 (<subset>)
H |--plato_hexosesP 10 AliquotID aliguot Hexoses Phosphate 1260 <subset> samples
H i——-lipids LG 11 RliguotID aligquot Lipids 4G 272 /\
H °——hminoRAcid 12 AligquotID aliquot AEmino Acids 342 ;
°—-pools 7 PoolID pool Pools of remaining pools 948 <entry> <category> <entry>
i——aM5_metabo 8 PoolID pool M5 Components guantification 399 ‘ ;sample
°——qNHR_metabo 9 PoolID pool NMR Components guantification 948 *
<value> <value> <value>
i ) . . 365
# get data from 'samples' subset with a constraint
{ dh§getDataByName (' samples', "= e/365")
PlantID Rank PlantNum Treatment |SampleID |[Truss DewvStage Fruitlige HarvestDate HarvestHour FruitPosition FruitDiameter FruitHeight FruitFW
1 E35 E 311 Control 365 T6 FR.02 4T7DPR 40423 0.5 5 55.48 48.98 83.32
2 niT s 17 Control 365 T6 FR.02 4T7DPR 40423 0.5 3 56.59 47.77 gz.02
3 LE s 8 Control 365 Té FR.02 47DER 40423 Q.5 5 E5.11 44,30 71.82
4 D3 )] 210 Control 365 T6 FR.02 47DPR 40423 0.5 5 49.28 44,35 £g8.28
5 Hil H 356 Control 365 T6 FR.02 47DFR 40423 0.5 a 46.68 38.89 49,25

GET http://pmb-bordeaux.fr/getdata/tsv/frim1/(samples)/sample/365

% Example based on FRIM - Fruit Integrative Modelling
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Retrieving Data within R

data and metadata are all available and accessible by scripting languages(R, API)

Merge the activome data AND the metabolome data acquire on the same samples

### Load the R ODRM package
likrary (Rodam)

### Get the merged data of two data subsets based on their common identifiers
dh <- new('ocdamws', wsURL="https://pomb-bordesux.fr/getdata/", dsname="£friml") .
setNamelist <- c("activoms", "gNME_metabo™ ) The Comprehens“le R

dsMerged <- dhSgetSubsetByName (setNamelist) Archive Network

https://cran.r-project.org
> dim|dsMergedSdata)
prse } data The R package

> dsMergedSLABELS
Subset Atcribute Description Type ROdam

1 samples SampleID Pool of several harvests Identifier

2 plants Treatment Treatment applied on plants Factor

3 samples DevStage fruit development stage Factor

4 samples Fruithge fruit age (dpa) Factor

5 activome PGM Phosphoglucomutase  Variable

3 activome F1eBP_Cv¥t Fructose-1,6-bisphosphatase [(cvyt) Variable

7 activome ByrK Pyruvate kinase Variable

8 activome Cits Citrate synthase Variable

9 activome FPI Phosphofructokinase (PPi) Variakle

10 activome AcoS Loonitase  Variable L

metadata

43 giMR_metabo glucose glucose (nMol / mg MS) Variable

44 gNMR_metabo saccharose saccharose (nMol / mg MS) Variable

45 glMR metabo fructose fructose (nMol / mg MS) Variakle

46 gNMR metabo galactose galactose (nMol / mg M5) Variable

47 giMR_metabo mannose mannose (nMol / mg M3)  Variable

48 gNMR_metabo rhamnose rhamnose (nMol / mg M5)  Variable

4% giMR_metabo acetate acetate (nMol / mg MS) Variable

S0 gHMR metabo chlorogenate chlorogenate (nMol / mg MS)  Variable

% Example based on FRIM - Fruit Integrative Modelling
Daniel Jacob — INRA UMR 1332 BFP — Oct 2019



Retrieving Data within R

data and metadata are all available and accessible by scripting languages(R, API) {}
library (Rodam)
SuPnosnEEs F==--= ED ————— 4
pre— [ 1 ]--+ $Get-the metadata-of - the. 'friml" -dataset
Solsmarns —| pmm--- 1 1---4 dh:-<- -new({'odamws"', - 'http://pmb-bordeaux. fr/getdata/", - 'friml")
PE_ — F===== D:|——---I
AL AZE T I—l_ _______ I:D____‘_' % get 'activome' data subset
g - kF------ I ----- 'activome"'
v R ‘l:l:"""' d= «<- dhfgetSubsetByHame ('activome")
o g B |
—— "ﬂ]" ds§samples # Show the identifier defined in the data subset
e [ .D:l_____‘ [1] "AliguotID"
o e I S
M e {114 dsSfacnames # Show 2ll factors defined in the data subset

Foz | bo===-- 11--- [1] "Treatment™ "DevStage" - "Fruitige"

GLuonNAD T Fommmoe L1 1 ds§varnames % Show all guantitative variables defined in the data subset
GaPDH NADP | Fommm- T }----- 1 (111 mpoun frimp oo R— E—
[11 PGM F16BF Cvt PvrK Cits
GAPDH_NAD  —) k=== -I:I:l-———-! - nppT™ .
e - croe
Azos — [ 1_t----+ [_] "i_:’:E Stroma™
s S e N (131 *rs00e wa
Az — b T -4 [171
MALDH . [211
« | = Selection subsets of data Col
Feen — - . . 25
— 1 = Repetition of multiple scenarios on E:
ISOCH_NADF —| . -
o different subsets of data 7
ISODH_NAD — F=-—- I _____ A | ) ) ~ B ~
PR b __ _|:|:|_ ______ J ds§qualnames  # Show all gualitative variable
— b ‘:I:I‘ _____ 1 [1] "Rank" "Triss™
s o e o S
B —| F----[ T ]---4 % Boxplot of all variables defined in dsSyérnames
xS —| bommooe- T F------- 1 par(mar=c(2,8,1,2))
PRl — bommmmmm- E“‘* boxplot(log131d5$data[, ds$va:r:name31 , horizontal=T, outline=F, las=:2, cex.axis=0.7)
s — I———-—-|:|:|-———--I
s —| F-mm--- {1 t------ 1
FlEsP C F====- l:lj————-i

o I I S

I I
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Reproducible Research ... with R and RStudio

Chap |l Data Gathering and Storage (70 pages out of 300)

The R Series

Il. 6 - Gathering Data with R

Reproducible Research

with R and RStudio

o “How you gather your data directly impacts how reproducible your research will be.

If all of your data gathering steps are tied together by your source code, then independent
researchers (and you) can more easily regather the data“

Il. 7 - Preparing Data for Analysis

“Once we have gathered the raw data that we want to include in our statistical analyses
we generally need to clean it up so that it can be merged into a single data file.”

Christopher Gandrud

Christopher Gandrud (2015)

This is exactly what the ODAM framework aims to answer in
A CHAPMAN & HALL BOOK a normalized way the easier and faster as possible

https://github.com/christophergandrud/Rep-Res-Book
https://englianhu.files.wordpress.com/2016/01/reproducible-research-with-r-and-studio-2nd-edition.pdf
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Reproducible Research ... with R and RStudio

Demonstration of the functionnalities of the R ODAM

Demonstration of the functionnalities
Descipton Description

Load the R ODAM package . )

- ‘ODAM (Open Data for Access and Mining) is a framewark that implements a simple way to make research data broadly
accessible and fully available for reuse, including by a script language such as R. The main purpose is to make a dataset
accessible online with a minimal effort ffom the data provider, and to allow any sCientists or bioinformaticians to be able to
explore the Gataset and then extract  subpart or the totality of the data according to their needs,

Initialize the ODAM object
Get the Data Tree

FRIMOUSS data analysis interfaced by ODAM

Dandel Jacob

Rmd knitr md

pandoc

Get all WebService entries

The Rodam package has only one class, odamiws that provides methods to allow you to retrieve online data using'CDAM'
Web Services. This obviously requires that data are implemented according the ‘CDAM’ approach , namely that the data
subsets were deposited in the suitable data repository in the form of TSV files associated with their metadata also described
in TSV files.

2018-10-05 Get data from ‘samples” subset viith a
constraint

Content Comvert all numeric values of date and + The R ODAM package offers a set of functions for retrieve data and their metacata of datasets that are implemented help
ontents e in 2 human-resdable format with the “Experimental Data Table Management System” (EDTMS) called GDAM, which stands for “Open Data for Access
and Mining"
Online documentation ivome'
Get ‘activome’ data subset + See hitps://www slideshare.net/daniefjacob771282/odam-open-dala-access-and-mining for further information

Boxplot of al variables defined in

3
Initialisation . .. . . e L 3
1 dsSvarnames

Plot variables .
Apple - metabolites . . - - 1 Find how many IDs in common there are
Apple - cell_wall_polysaccharides . . .. . . . 5 between the subsets

R markdown L

Clementine -

Load the R ODAM package

R Session Information A

bolites

Clementine - cell_wall_polysaccharides Growth Modelisation

Clementine - lipids

Models ialize the ODAM object

abolites . . . . ize the “ODAM' object with the wanted dataset along with its corresponding URL of webservice
* Models : Weight = f{time-dependent e Day After Anthesis)

rmasra < otiecriongaaraseatolo( 111 Cueumber -
«

Cucumber - cell_wall_polysaccharides . . . .

¢ asn Eaynan

<= new(odamus', wsURL="https://pnb-bordeaux.fr/getdata/’, dsname='friml')
Cucimber - lipids -

' Model 1 - Single Sigmoidal Model
Eggplant - metabolites
Eggplant - cell _wall _polysaccharides .

+ Model 1: f(x) = d + a/{1+exp(-b*(x-0))}

tthe Data Tree HTML

Egeplant - lipids

Kiwi - metabolites Blowgl 2 = Sagiof tess Skl Model fons(width=256)
fons(warn=-1)

ions(stringsAsFactors=FALSE)

sersseat Kiwi - cell_wall_polysaccharides

onsetrpes < (.2, 2 s 2, ) ) . K . o
iy
e N Grapevine - cell_wall_polysaccharides

brine_fivsedpazans (£10003)

« Model 2: {(x) = d + a/(1+exp(-bire))) + [/f1+e:

Modelisation of the *“Weigth® curve for each species u(dh)

Grapevine - lipids . . . # ¥ variable for applying the modelisation

Peach - metabolites Lo <c heenc
Peach - cell_wall_polysaccharides # Choice of model for each datasei (1 for ome sigmoid, 2 for double sigmoid)
Peach - lipids modeltypes <= ¢( 1, 2, 1, 1, 2, 2, 2, 1)
Pepper - metabolites . erformation of the modeiisation
Pepper - cell_wall_polysaceh wem. time( fitObj <- run_fitSigmoid(dataSets, setName, Yname, modeltypes) ) 6
Pepper - lipids m
. FRITOLOO4 (2 ) : B2 = 0,9995893 0K
IDs in common between the subset ety R S sn e
Growih Modelisation FRITERODG (L) : B2 = 0.8997855 0K e
FRITEWOOT (2 ) : B2 = 0.8064381 OK IXTEX
Models. . .. FRITGUOOL { 2 ) @ A2 = 0.8026612 OK
e pac age FRITPEQ08 ( 2 ) : R2 = 0.9992204 OK
FRITPPOOS (1) : Rz = 0,9927867 0K

#  user systes elapsed
— # 001 002 564

# Print the coefficients of each model
print_fittedParams (fit0bj)

CRAM O EDTMS

Waighi - Agple Waighi - Clomenine.

ODAM Framework | A

https://rmarkdown.rstudio.com/authoring_quick_tour.html
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Data Dissemination

FINDABLE

A

The I
Dataverse R

Project
doi:10.15454/95JUTK

Schematic Diagram of a Dataset in Dataverse 4.0

FRIM - Fruit Integrative Modelling =353

Beénard, Camille; Bernillon, Stéphane; Biais, Benoit; Maucourt, Mickael ; Ballias, Patricia; Deborde, Catherine;
Colombie, Sophie; Cabasson, Cécile; Jacob, Daniel; Gibon, Yves; Moing, Annick, 2018, "FRIM - Fruit Integrative
Modelling", https://doi.org/10.15454/95JUTK, Portail Data Inra, V1 © Learn about Data Citation Standards.

Cite Dataset «

 Descriptive Metadata

Description The project aimed to build a virtual tomato fruit that enables the prediction of metabolite levels given genetic and environmental
inputs, by an iterative process between laboratories which combine expertise in fruit biology, ecophysiology, theoretical and
experimental biochemistry, and biotechnology.

Subject Computer science; Information management; Omics; Plant Health and Pathology

Related Publication Bénard C., Bernillon S., Biais B., Osorio S., Maucourt M., Ballias P., Deborde C., Colombié S., Cabasson C., Jacob D., Vercambre
G., Gautier H., Rolin D., Génard M., Fernie A., Gibon Y., Moing A. 2015 Metabolomic profiling in tomato reveals diel compositional

changes in fruit affected by source-sink relationships. Journal of Experimental Botany Vol. 66, No. 11 pp. 3391-3404 doi:
10.1093/jxb/erv151

Container for your data, documentation, and code.

https://data.inra.fr/

Link to data https://pmb-bordeaux.fr/dataexplorer/?ds=frim1

R scripts (Rmd)

If applicable
Jupyter Notebook (ipynb) f app
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ODAM Framework Overview

Promote
good practices
Experiment

Data Tables
+ Metadata

Drag & Drop

Additional data subsets can be
added step by step, as soon as
data are produced.

Merging & selection

) of data subsets
Allow users to gain -
Export

efficiency where
they would like to
gain efficiency

ODAM
Provide Open Data for Access and Mining
services
Storage and
sharing with all f\
* partners
I NTEROPERABLE

Local / Intranet / Internet

data\/p:sh GET

https://hub.docker.com/r/odam/getdata/

Repetition of complex

treatments according to very

varied parameters

Multi-criteria exploration &
mteractlve visualization
Data Explorer

e pgthon API

Develop if needed, lightweight tools
- R/Python scripts (Galaxy), lightweight GUI (R shiny)
- Python (Plotly Dash)

https://pmb-bordeaux.fr/dataexplorer/ Daniel Jacob —

VM /docker < {} jm
Multiscale deployment

R

Data can be
downloaded,
explored and mined

The

e _ Dataveprse C)%
roject
Link

m gpsmﬂﬂtlw

F INDABLE

A CCESSIBLE

I

R E-USABLE

https://data.inra.fr
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ODAM Framework Overview ODAM

Data Lifecycle Open Data for Access and Mining

Experiment
Data capture Data Tables
+ Metadata

s Data Backup f\
oo Drag & Drop - * INTEROPERABLE

PUT \ VM /docker < { }jm
data\/p:sh GET
Data Curation

Data can be
downloaded,
explored and mined
- : The
— . ¢ammm Dataverse O%
m—— i //_'_‘\ - Project

R

Additional data subsets can
be added step by step, as
soon as data are produced.

Remove

inconsistent
Data values
Extension

The "data lifecycle" is Export T m plotly Link

thus integrated into e = W Roesilpioch) F wossie

the scientific research Al coessiee
@ python = A :

process python R cuennie

Data Publication
https://data.inra.fr

Data is “keep alive” in the cycle
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ODAM Framework Overview

Advantages of this approach

data sharing & data availability

- The array of the "plants" may be created even before planting the seeds.

- Similarly, the array of the "harvests" can be created as soon as the harvests are done,
and this before any analysis.

- Thus, these arrays are generated only once in the project and we can set up the
sharing soon the seed planting. Then each analysis comes to complement the set of
data as soon as they produce their own sub-dataset.

- data are accessible to everyone as soon as they are produced,

identifiers centrally managed

- data are archived and compiled, so that it becomes useless to proceed a laborious
investigation to find out who possesses the right identifiers, etc.

facilitate the subsequent publication of data

- data are already readily available online by web API,
- But nothing prevents to take this data to fill in existing a data repository, by adjoining
more elaborate annotations such as Dataverse.
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ODAM Framework Overview

Advantages of this approach

minimal effort, maximum efficiency

Format the data
- Based on TSV: choice to keep the good old way of scientist to use
worksheets, thus i) using the same tool for both data files and metadata
definition files, ii) no programmatic skill are required

Give an access through a web services layer
- based on current standards (REST)

Use existing tools
- Spreadsheets, R studio, Spyder, Jupyterlab, BioStatFlow, ...

Develop if needed, lightweight tools
- R/Python scripts, lightweight GUI (R shiny, Dash), Galaxy, ...

e p—
R @python iz @@
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Tools for data science

Reproducible Research

---:;'55:: ':-_:— —F 0 Open Lab/Notebooks

—

Open Science g """'Eh : Open Reproducible Research *G'——-‘-——':Zi:i:::_:: £ Open Science Workflows

s %) Open Repositories

Open Science -TBEIE—G—*_'— == ——=&) Open Services
——4) Open Workflow Tools
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Tools for data science

Anaconda Distribution

=@ Windows ‘ @ macos | {5 Linux

https://www.anaconda.com/distribution/

@swdid
&

readr

The World's Most Popular Python/R Data Science Platform

Jupyter @ NumPy SciPy %
o spyder @ _ Numba )
pandas| ) | VLt
' DASK Bokeh HoloYiews
#matplotlib .@n H=° TensorFlow| | CONDA

O INTELLIGENCY  htto://intellicency.org/ai r.ohp

In particular dplyr provides a grammar of data
manipulation, providing a consistent set of verbs that
solve the most common data manipulation challenges

% R packages for data science https://www.tidyverse.org/
<A,

@
IRkernel
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Tools for data science
Reproducible Research

ODAM Framework

P ~ Jupyter
— nbviewer
+ ) GitHub +
Jupyter / \
Notebook (b Binder

L"
©
&
ﬁ
5
o
>
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= Jupyter

nbviewar

binder_odam

In [8]:

In [9]:

In [11]:

Rodam_api_graphics.ipynb

# See hittps://we. dotacamp. com/community/bL

library(Rodam)
library({UpsetR)
library(data.tree)
library({dendextend)

Initialize the 'ODAM' object

dh <- new('odamws', wsURL="https://pmb-bordeaux.fr/getdata/', dsname="friml'}

Jupyter Notebook

JURYTER  Faa ([} ==

Plot the data tree of the whole dataset

dn <- dhigethataTree()

data.tree: :seteraphstyle(dn, rankdir = "T_B"}

data.tree: :Setedgestyle(dn, arrowhea
data.tree: :SetNodestyle{dn, style =
data.tree: :Setnodestyle{dngsamples, fillcoler = "Pink", penwidth = “"2px")

/upyter-notebook-r

see”, color = "grey3s”, penwidth = 2)
led,rounded", shape = "box", fillcolor

O 8 X

= "Greenvellow", fontname = "helvetica®, tooltip = ¢

data.tree: :SetNodeStyle{dnfsamples$aliguots, fillcoler = "Thistle®, penwidth = "2px")
data.tree: : SetNodeStyle{dnfsamples$pools, fillcelor = "SteelBluel®, penwidth = "2px"})
plot{dn}
4
pools
D € ) G CES) =

In [3]:

out[3]:

In [2]:

out[4]:

In [5]:

Get the data from ODAM

## API call to retrieve data

dataset = 'frim1'

subset = 'guMR_metabo’

d = getsubsetFromoDaMm{dataset, subset)

## Retrieve factors
d[ 'factor' ][*attribute']

@ Treatment

1 Devstage

2 Fruitage

Name: Attribute, dtype: object
# matrix X

X = d["data’][d[ " 'numvars"]]

# Choose 'DevStoge ' as Factor (index=1)
facname = d['factor'].attribute[1]
¥ = d["data’][facname]

# Factor Levels
factorlevels = []
for f in v:
if f not in factorlevels:
factorlevels. append(f)
factorlevels

['FF.B1', 'FF.B3°, "FR.e1', 'FR.84', 'FR.G2°, 'FF.84', 'FF.82°, 'FR.03'

Compute then plot PCA

# Compute PCA
res_pca = PCA_compute(X, Y, n=3, scale=True}

# Factor Level selection
Faclewsel = ['FF.@1", 'FF.22', "FF.@4', 'FR.22', 'FR.84']

# Plot PCA Scores
plotPCAa(res_pca, 1, 2, FaclewSel}

PCA

ol

-

Principal Component 2 (23.22)
L

o
Fros
o2
ROt

@ python

5

artincrJacuu

o H 5
Principal Component 1 (38.27)

IIVI\I'\.UIVII\ 332 BFP - Oct 2019



Reproducible Research Jupyter Notebook

C) GitHub

H djacob65 / binder odam @Umwatch~ | 1 rSar | 0 | YFork |0
<> Code 1) Issues @ 1 Pull requesis -0 i8] Projects 0 =E Wiki { | Security Ii Insights {+ Settings
a repository for Binder using ODAM API via IPython Edit

Manage topics

D 1 commit 17 1 branch T3 0 releases 22 1 contributor
Branch: master = New pull request Create new file = Upload files | Find file environme nt-ym |
) name: - ipython-environment

djacob65 update Latest commit a61c6bs 2 minutes ago |channels:
--conda-forge

E) PyODAM _api_PCA.ipynb update 5 minutes ago |dependencies:

] ) . - -requests

E| PyODAM_api_demo.ipynb update 2 minutes ago - numpy

E) README.md update 6 days ago - matplotlib
- -pandas

E) Rodam_api_demo.ipynb update 2 days ago --scikit-learn

E) Rodam_api_graphics.ipynb update 6 days ago

E| environmentyml update 6 days ago

https://github.com/djacob65/binder odam
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i J u pyter Notebook Viewer https://nbviewer.jupyter.org/
" nbviewer :
nbviewer

A simple way to share Jupyter Notebooks

Enter the location of a Jupyter Notebook to have it rendered here:

o GitH“b https://github.com/djacob65/binder_odam Gol
: J U pyter weyter e €) @

nbviewer

binder _odam

Name
4{ djacob65's repositories
& PyODAM_api_PCA.ipynb

& PyODAM_api_demo ipynb

& Rodam_api_demo.ipynb

& Rodam_api_graphics.ipynb

https://nbviewer.jupyter.org/github/djacob65/binder odam/
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Binder The Binder Project is an open community that makes it possible to
create sharable, interactive, reproducible environments.

https://mybinder.org/

Build and launch a repository

GitHub repository name or URL
o GitHub https://github.com/djacabf5/binder_odam CitHub -
Git branch, tag, or commit Path to a notebook file (optional)
Git branch, tag, or commit Path to a notebook file (optional) File =

Copy the URL below and share your Binder with others:

https://mybinder.org/v2/gh/djacobe5/binder_odam/master @

Copy the text below, then paste into your README to show a binder badge: >

Waiting

https://mybinder.readthedocs.io/en/latest/introduction.html|
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Build the
docker

container
[ |

%

docker

Binder

Build logs

Waiting for b

The Binder Project is an open community that makes it possible to
create sharable, interactive, reproducible environments.

Edjefefpgin )

uild to start...

---» 6b5d3d4cceeld

Step 15/51 :
nodejs

RUN apt-get -gqq update && apt-get -gqg install --yes --no-install-recommends less

unzip > fdev/null && apt-get -qq purge &&

-rf /var/lib/fapt/flists/*
---> Using cache
---» 1e58324F27bb

Step 16/51 :

EXPOSE 2388

---» Using cache
---» 21f38c7abbbs

Step 17/51 :
---» Using cache
---> Ba82fdea27d4

Step 18/51

ENV APP_BASE /srv

: ENV NPM_DIR %{APP_BASE}/npm

---» Using cache
---» B321cd4abd7e

Step 19/51 :

ENV NPM_CONFIG_GLOBALCONFIG ${NPM DIR}/npmrc

---» Using cache
---» a525c4bg1128

Step 28/51 :

ENV CONDA_DIR ${APP_BASE}/conda

apt-get -qq clean && rm
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Binder

Push the
docker
container into
the several
nodes

%

docker

Hiiif{]glef Hikzyliple)

Step 49/51 : COPY /repo2docker-entrypoint fusr/local/bin/repo2docker-entrypoint
---» 253f225c38ba
Step 58/51 : ENTRYPOINT ["/fusr/local/bin/repo2docker-entrypoint"]
---» Running in Bb5fd84bclca
Removing intermediate container @b5fd84bclca
---> a2ael17945cf
Step 51/51 : CMD ["jupyter™, "notebook”, "--ip", "©.8.8.8"]
---> Running in b8687121e4a9
Removing intermediate container b8687121ed4a®
---» d586ae64753d

The Binder Project is an open community that makes it possible to
create sharable, interactive, reproducible environments.

{"aux": {"ID": "sha256:d586ae64753d12ff1f828f4ba31cfBaB80a4bd6e7bd1el1 9511 365544bd69+5" } }Successfully bu

ilt d586ae64753d

Successfully tagged gcr.io/binder-prod/r2d-f18835fd-djacob65-2dbinder-5fodam-845ab8:1e8d714a84484ac259561

7Hf5a484c6t63d3281b
Pushing image
Pushing image
Pushing image
Pushing image
Pushing image

1
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Binder Jupyter Interactive Notebook

@ hub.gke.mybinder.org/user/djacob65-binder_odam-md2cémbd/tree

~ Jupyter

Files Running Clusters
Select items to perform actions on them.

0|~ | M/

(]

O

& PyODAM api_demo.ipynb

O

& PyODAM api PCA.ipynb

O environment.ymi

O

(9 README.md

O

Shareable link
https://mybinder.org/v2/gh/djacob65/binder odam/master

See more complete examples :

https://github.com/nuest/reproducible-research-and-giscience
https://ajstewartlang.github.io/SIPS 2019/SIPS presentation.html

Quit

Upload || Mew - | &
Name Last Modified File size
5 minutes ago 453 kB
5 minutes ago 323 kBE
5 minutes ago 1158

5 minutes ago 14B
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=]
s ODAM Framework
ODAM Open Data for Access and Mining

EDTMS

https://fr.slideshare.net

“Make your data great now” towards Open Data and Reproducible Research

“Make your data great again” towards Linked Open Data

; X. https://bio.tools/ODAM

Thank you for your attention
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