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Status quo in the laboratory

Many challenges for data capture, integration &
sharing

* Manual transcription of methods

* Incompatible instruments & software systems

* Manual data handling that challenges data
integrity

e Legacy architectures are brittle & rigid ik thermogravimetr bl

 Knowledge & context resides in people’s heads e Ll

mass spectroscopy " HPLC-MS HPLC-MS-MS

* Silos of data, context and meaning —

From Eric Little, OSTHUS

NMR cell counter
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Too much paper + manual tasks =
delayed medicine to patients & erosion of public confidence in data integrity
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Sluggish data sharing hampers reproducibility effort SCHENCE

Initiative trying to validate 50 cancer papers finds difficulty in accessing original study data. .

G®Es
$ 2 8 CHALLENGES IN IRREPRODUCIBLE RESEARCH@ H [] ‘VRGNG.
g ] ] ( |

Estimated annual

U.S. spending on preclinical
research that is irreproducible
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Better Scientific Reproducibility

Increase Data Integrity, Context,
Quality

Consolidate Requirements
Lower Innovation Barrier

T N T <’ LA -

Foundation for
Data Science
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The Benefits

Better Scientific Integrity, Context, Consolidated

il Streamlined e i Requirements
Reduced Manual Reproducibility Simplified IT Quality Foundation for Lowgr Innovation

Effort & Paper 5 Data Science Barrier
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The Value Standardized Data
Proposition & Metadata
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The benefits of adoption help our customers serve their
costumers better

.
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The Benefits Patients

/\

Safer Medicines Sooner Lower Cost
A

Pharma

Increased Data C i
- onsolidated
Integrity, Context, —

Better Scientific

- Streamlined

T . . - . Requirements
Reduced Manual Reproducibility Access, Sharifig, Simplified IT Quality ~._ Foundation for Lower Innovation
Effort & Pape oAt Data Science \Ba.r

rier
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Standardized Data &

Metadata
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The Benefits

Increased Data

Better Scientific ) Integrity, Context, Consolidated
hili Streamlined o Qualit
Reduced Manual Reproducibility Simplified IT uality

Requirements
Lower Innovation
____Barrier

Foundation for
Data Science

The Value Standardized Data
Proposition & Metadata

How do we deliver this?

)
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The Allotrope Framework

A standardised semantic
model for data & metadata.

Released Dec 2017

Ontologies

o—

Data Models
(>0]

—

Coming in 2018

=

A set of constraints on the
semantic model using data

shapes.

©2018 Allotrope Foundation

Released July 2017
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Allotrope Data Format

Data Description

Semantic Model

Data Cubes

Universal Data
Container

Data Package

Virtual file system

API

rl

J

=

A high-performance
binary data format.
Instrument, vendor,
platform agnostic.

An API to allow

consistent creation &
reading of ADF files.

ADF Explorer

ADF Explorer allows browsing

of existing ADF files.
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Allotrope Data Format Example

Data Description Descriptive metadata about
R est

& Results * Method, instrument, sample,
- process, result, etc.
» Data Cube, Data Package
contents
* Provenance, audit trail, data

models

Data Cubes Chromatogram: 2D Chromatogram: 3D

Analytical data represented by one-
or multidimensional arrays of
homogeneous data structures.

Data Pac kage Data represented by arbitrary
‘1 formats, incl. native instrument

formats, images, pdf, video, etc.

Platform Independent File Format ©2018 Allotrope Foundation Page | 10 @




Example: ChemStation Metadata Content

"has sample input”

HPLC-run CRANLEN
<af-p:AFP_0000748>

- Technigue: HPLC

- Sample name

- Executed by user

= Sample description

- LIMS ID
Meas. Request IDs, not part of AFT yet

“selects”

HPLC Instrument

- Methods
Acq: Name, Last Modified DateTime
DA: Mame, Last Modified DateTime

<af-e:AFE_0000224>

- Instrument identifier: <LC-0312>
- Instrument description: < ..>

- Acq Method Parameters
converted a significant amount of
acquisition parameters into the <af-p>
“process” section using ATF

Device Module core details

BinPump 613128 DE12345678 ADG.50
sampler G1367C DE23456789 ADG.50
Columntomp G13168 DE34567800 ADE.50
DAD G1315C DE45678901 ADG.50

HPLC Column details:
Column Identifier: <1>
Column Description: <SB-C18>
Column SerialNo: <USWEXD1247»
Column BatchNumber: <P12345>
Column Length: <50
Column Length Unit: <Millimeter>
Column Particle Size: <1.8>
Column Particle Size Unit: <Micrometers

©2018 Allotrope Foundation

1 Chromatograms

- ldentifier: <DAD1A>

- Created DateTime: <2015-09-18T723:02:447>

- Peaks ()
= Index: <1>
- Compound Name: <Tramadol>

Peak Elution Time: <1.20...> + Unit

— Peak Area Walue: 31.36...> + Unit

— Peak Area Percent: <0.40...> + Unit

- Peak Height Value: €21.22...> + Unit

— Peak Height Percent: <3.06...> + Unit

— Peak Start: <1.18...> + Unit

— Peak Stop: <1.22..>+ Unit

- Peak Width: <0.02...> + Unit

Baseline value at Start of Peak: <-1.10...> + Unit

— Baseline value at End of Peak: <-1.10...> +Unit

\

Links to data
"g‘ in ADF data cube

=
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Contextual meta data accumulates along every step...

Request
‘System’ File Shares, Databases
ELN Instrument Analysis Search
L Software Software Report & Reuse
Data
Plan | .| Prepare | .| Submit ) Coxzrczjllgst Process ) Analyze =) Reports =) Asrtc%r,?,e
Analysis | | Samples | | Samples | Dc?ata Data Data Results Data

NN TN TN TN TN TN TN

Method ata Instructions Data Data Data Resuh‘s

=

.. and distributed across multiple systems and records
©2018 Allotrope Foundation
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Analytical Sample Prep Instrument Instrument Processed Analyzed Reported Stored Data




©2018 Allotrope Foundation
I PY contains
liotrope Allotrope .
O n to og I e S F:un:iatFi’on Fou ntiat?on Allotrope Domain

Taxonomy Ontology

References to

External Ontologies

Ontologi
LIRSS (Curated)

Terminologv Taxnnomy V- & occurrent = TemporalEntity = AFC_0000079
¥ & process = AFP_0001617

1?’----x:é*'|::IE'4r'|r'|:='_u:j process’ _
1’ & "'material processing’ = AFP_0003275
v-- @ 'separation method'

¥ @ chromatography

v & 'column chromatography'
v & 'liguid chromatography’
v @'liguid--solid chromatography'
L 'high-performance liguid chromatography’

. . chromatography
. column chromatography
. liquid chromatography
. chromatogram
peak

spectrum
ultraviolet spectrum

O n to l ng in prcu:ess—»[ adjusted retention time calculation ]d—in process

data output
m is about calculated time value has role.

has pargicipant hae part data input in process
= I
l high-performance liquid chromatography ]

has participan

has participant [relative retention calculation ]

. has role
located in
in process

has part unretained peak
data output has role
data input in process—b[ adjusted retention time calculatlon]
has part in process

\has role in process
data output
is about calculated time value has role

Model courtesy of Helge Krieg, OSTHUS




Allotrope Foundation Ontologies (AFO) Suite

Legend

e
impor;;\ Ontology
domain: 2 T imports. e —

[‘ domain:chromatography ] “imports__

domain:sfe. f———-----imports ™"

{ Backwards compatibility

--------------------------- imports____ e
e -‘ 7--7-"""-—‘,‘ k\-_
c(o"nmms im‘porls &
] 3 . -1 external: bfi .2.0—class-only]
§ imports {
f__'f!"pms curated:afo-rel I v
in% S b

——contains.___

imports §

aft language pack [ ___contains = \
T (optional) __curated:afo-obl anir e @
. i -_eﬂefﬂal:obl'

o L-contains__
contains x5 g T
[domain:language packs ] - [ curated:afo-chmo ] partially imports [
= e i xternal:chmo
P contains{optional)] u 8
domain:ms n -

rd ~.

contains foptional] ~

i [ e o ] portially imports | external:chebi

[ deprecated:afo-previous release | '''''

4

[deprecated:bundle }

Note:this is not a full list of all domains nor
does it represent all imports

©2018 Allotrope Foundation
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Data Models: Example- HPLC

— Ontologies provide an unconstrained vocabulary we can use to describe things (instances) in our open world and
give them a meaning (= what it is)

— Data structures (schemas, templates) describe how to use the ontologies for a given purpose in a standardized
(reproducible, predictable, verifiable) way

— Shapes Constraint Language (SHACL, expressed as RDF) is a WC3 standard to do this, used for Allotrope ‘Data

Models’
af-x:has value
af-x:has value

af-r:peak width | " 9 - , ) _ B
af-r:scalar quantity datum af-x:has quantity value—)' qudt:quantity value '—qudt.numechaIu xsd:double
To— oo
qudt:unit: unit:MinuteTime

bfo:has a/
n\ af-ripeak height

af-r:scalar quantity datum [af-x:has quantity value qudt:quantity value ——qudt:numericValue xsd:double

|

|

]

|

qudt:unit unit:Percen

af-r:peak area - : d = y ) ) -
af-r:scalar quantity datum —af-x:has quantity value—bl qudt:quantity value udt:numericValu xsd:double

i

qudt:unit unit:Percen

|

af-r:peak position l=—af-x:has quantity value—b[ qudt:quantity value udt:numericValue xsd:double

af-riscalar quantity datum
qudt:unit unit:MinuteTime

i

©2018 Allotrope Foundation
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A Foundation for Interoperability
& Next Generation Analytics

ion Ontologies (AFO)

Allotrope Data Format (ADF)
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s Batch s
Stability Release Solubility
HPLC MS NMR I
Taxonomies

Data Description
Semantic Graph Model

Data Cubes

Universal Data Container

Data Package
Virtual File System

Allotrope Data Models (ADM)

Stability Batch Rel. Solubility
Study Study Study

HPLC-UV MS NMR
Experiment Experiment Experiment

Data Description

Data & Resuits

Data Cubes Chromatograi Chromatogram: 3D

Piatform IndependentFile Format

HDF
Platform IndependentFile Format

©2018 Allotrope Foundation

Request Search &
4 Eeno Reuse Data
Plan __N| Prepare Submit Control Inst. Process Analyze Reports |\ Asrt;;l\el'e
Analysis |—/| Samples Samples Acquire Data F/ Data Data Results [/ Data
Analytical Sample Prep Instrument Instrument Reported
Method Data IS Data Processed Data Analyzed Data Results Stored Data




Phase lll: Grow & Sustain Ecosystem
ADF/API enhancements & testing

AI I Ot rO p e F ra m EWO rk: V1.1 released internally (Mar)

Increased vendor contribution

From concept to reality Release oadmap

V1.2 released internally (Nov)

Phase Il:
Commercial
Development

ADM Data Model Release
Commercialization

Feasibility

studies & POCs
Design, testing &
due diligence

Initiate software
development

GOlT World Best Practice Award \

Evaluation of

Allotrope existing standards ADF/api Release Q2 T
Launched | | s
Scope & AFO Ontology Release Q4 eery
strategy APl & Taxonomy Bt
defined | . L
o Sivoe OTmen: Embedded in member companies; in
.0 release .
internally (Sept) QOdUCtlon @2 /
15t deployments @

member companies
Phase I: Proof of

Concept Studies

©2017 Allotrope Foundation
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2018

Framework
 Complete vl Data Model (ADM)
* Operationalize ontology & model development

Drive adoption
Community Projects- drive adoption & demonstrate value

Organization
*  Create focus on support for commercial entities &

, developer community

©2018 Allotrope Foundation “}’



Allotrope Developer Community and Governance

Open Source
Exchange

Community
Projects

eDevelopers share their code with others (public or internal)
*No structured governance (some guidelines may apply)
ehttps://gitlab.com/allotrope-open-source

eMultiple companies collaborate on a shared development
eGoverned by the project leader (some guidelines may apply)
ehttps://gitlab.com/allotrope-community

eContributions accepted by the Foundation

eAlignment of contributions with the Allotrope Standards
eGoverned by the Foundation
ehttps://gitlab.com/allotrope-incubator

*Released Allotrope products
eMaintenance and sustainment
eGoverned by the Foundation
ehttps://gitlab.com/allotrope

©2018 Allotrope Foundation
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Influence direction Join Allotrope Foundation!

of development

Receive support & training
Be part of an expanding

community of experts @
J I . o

\
e ———
~
) Align internal strategy with Ensure sustainability & adoption
Benefit from shared Investment the future of data .
N = = yy P
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The Allotrope Community Today

(;")
(\ Allotrope ISTHUS
‘ Foundation »
abbvie £ R\ %Z% AMGEN Biogen
E
R Bristol-Myers Squibb ~N\ Boehri . . .
Baxter t. e @ ll Ilfgeellrll:igrgr DrinkerBiddle

A Member of the Roche Group \\\/ Malvern
\\\\\\\g Panalytical ' DEXSTR

@ m - 4 i ; MSD Secrelariat
Genentech novo nordisk” % INVENTING FOR LIFE

earlng,. °'g'° TETRASCIENCE --:{j-:i:{';:--Agilam'rechnulogias

'I& : MESTRELAB RESEARCH =
> a T SYNTHACE 1M , e Cognizant
‘ 3 ) [EsHMADZU - .
E et bcolence imscence {1 & -ZONTAL- &3ponoaxe =%
Member ) PERSISTENT D7S B’O\//H u g ‘ KNOWLEDGE CONNECTED Voee HALO idbs o
LapwanE>) perianmEimer Wat S it Goma®  DIGITAL Riffyn
1 arers oy I
‘O'o CytObank THE SCIENCE OF Zng [,A\ 1\18% [)F Sartorlus d 4
BIORAD DANEAW warseassine: fmBl Ao YT M— . 5 K paradigm
— . AN A = A niversity of /'&ﬂ:‘/ H
L E A P ‘ - J Bringing it together to make it happen SC I Ex L"lc HAI NLEBDS Bwsaﬁé R ugltl'aéyhfclyde ;g; /»':0;', . !IE&II‘?NO_HSFIII&CI‘
TecanoloGES N o £ o= B i N —

. ) ) ) ) o2 ) ) . The HDF G
Mettler Toledo e NIST e SciBite e Stanford University e University of Illinois at Chicago e University of Southampton ¢ rop

Astrix Technology Group ¢ BSSN Software e Elemental Machines e Erasmus MC e Fraunhofer IPA e LabAnswer r/1 ml




