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Digital Transformation in the Life Sciences

d

o 5% What data scientists spend the most time doing
4%
® Building training sets: 3%
® (leaning and organizing data: 60%
® (Collecting data sets; 19%
Mining data for patterns: 9%
® Refining algorithms: 4%

Other: 5%

Gil Press, www.forbes.com, March 23, 2016; based on GenentECh

ClowdFlower survey of data scientists A Member of the Roche Group



http://www.forbes.com/

A Diversity of Data and Analysis Tools:
The Research Perspective

Many
Workflows | Intact Mass™

X Many :
Instruments

X Many
Formats

X Many
Analysis Types
X Many
Result Types

Process
Material
Equipment
Result

A Challenging
Landscape to
Connect
Information

Skyline

But where do we start?
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Our raw instrument data 1s the
starting point for all of our
biological knowledge...

...and the foundation upon which
everything is bualt.



Key Ana2 Requirements

il ] O Ji51

Scalability Speed Interface Interoperability
1000s of instruments Delivery in minutes Global, web-based Clearinghouse for data
Flexibility Evolution Access Cleanup
Broad support for any Support scientific Balance requirements Maintain
instrument advances, maintain old instrumentation
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Ana2 Automatically Archives and Delivers All Lab Data

Ana -
submission n I R
servers L

semndl N} |Wscaeioioser
— L e Instruments

Lightweight

Push vs. Pull:

Monitoring Agent
Automate Data
Processing

Ana web-based

user and
administration i —

interface —

Whole Dataset
Delivery RESTful .
& Message APIs Analysis Tools
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Decentralized Architecture El

Instrument Client

minates Bottlenecks

} » AnaZ Server
q}j Processing Inp...

. |—————File ta Archive (REST)————»| l
To Incoming MiNiFi Data
Instrument File Watcher Agent |«—————" Q00 1 Instrument MiNiFi Loader Queued 0 (0 bytes) i
iNiFi APACHE NIFI
MiNiFi Da(t:R:ESSt.';t)us Events | . ,)‘“
Configuration C ’,"’ i
& Status , , , o o Ana2 Server Processing Ingest

(JSONIPKL) -

0 0 P15 0 0 0

Queued 0 (0 bytes)
In 0 (0 bytes) = 1 5 min
Read/Write 0 bytes / 0 bytes 5 min
Out 1 - 0 (0 bytes) 5 min
File Data
Status Events (NiFi Remote Process) & .0 il 0 e 0 g .0 et 0.
(REST) NiFi Status Events
(REST)
Coordinator Server Processing Server From Client Status Messages
To Status Flow
Queued 0 (0 bytes)
\ '
Y Y

Ana2 DB
(BlueCopper)

Coordinator
[ |
Ana2 Archive - n I

Post Status to Client 31
0 op10 M1 0 0

B th Queued 114 (172.39 KB)
rowse I ( ) In 0 (0 bytes) = 1 5 min
- Read/Write 0 bytes / 0 bytes 5 min
End U COut 0 — 0 (0 bytes) 5 min
nd User
-«——Download (HTTP)
HTTP
(HTTP) 0 %0 0000720
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Ana2: Designed to be Lightweight and Scalable

Streamlined

- Modular

Python Agent Apache NiFi Ul
Approach Experience

Lightweight, S S
CrOSs- IDstrlbcised., Sirglittiod Flexible Data
platform Resﬂ;ent Ins’gallatlon, Delivery APIs
S Architecture Maintenance
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Ana2: Analytical Data at Your Fingertips — Anywhere, Anytime

@ Ana2 Home Clients Help Admin panel Bluecopper & COREYEB ~
. blank DOWNLOAD SELECTED Columns ~ Filters ~
All i All i All i
Status Client Name Size Last Modified Last Status Change First Seen uuID
CLEANED L-Ana2 Sciex VM2 blank2.wiff 2GB 03/06/2018 11:24:34 03/06/2019 11:25:07 03/06/2019 11:24:33 c447aedc-0fa2...
VERSION_IN_PROGRESS L-Ana2 Sciex VM2 blank1 .wiff 3GB 03/01/2019 4:31:47 03/01/2019 4:33:36 03/01/2019 4:31:46 947092a5-c16...
CLEANED L-ANA Orb 1a 51 MB 02113/2019 12:15:49 02/13/2019 12:16:34 02/13/2019 12:15:48 e3417fed-3101...
ARCHIVED L-ANA Orb 1a 51 MB 0212/2019 5:25:37 02/12/2019 5:26:25 02/12/2019 5:25:36 7d4bc09a-352...
VERSION_READY L-ANA Orb 1a 060812_blank... 51 MB 02/12/2019 3:33:33 02/12/2019 3:34:17 02M12/2019 3:33:32 90aBe07d-al15...
VERSION_READY L-ANA Orb 1a 060812_blank... 51 MB 02/12/2019 2:19:14 02/12/2019 2:20:00 0212/2019 2:19:14 e8370542-beb...
ARCHIVED L-ANA Orb 1a 060812_blank... 51 MB 02/07/2018 12:03:49 02/07/2019 12:04:34 02/07/2019 12:03:49 3dale582-0ff9...
Showing 1to 7 of 7 rows 10 per page 1
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Ana2 Extends Beyond Mass Spectrometry

1,000,000+ ADFs on 90 instruments from 12+ departments as of 18 Sep 2019
Proteomics — Genomics — DMPK — Discovery Chemistry — Microscopy — Antibody Engineering

” £ —
- e — 4 P — -3 |
, ~ - 1
“Pgy A | . Hlibihs
4 2 a " ——
1 . . -
1 i

Microscopes Sequencers Cell Counters Liquid Handlers
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Making Laboratory Data FAIR Across Techniques

Search across all
instrument metadata
or by Universal
Identifier

nnnnnnnnnnn

Findable

Wilkinson, M. D. et al. The FAIR Guiding Principles for scientific data
management and stewardship.
Sci. Data3:160018 (2016).

The FAIR Guiding Principles:
To be Findable
To be Accessible
To be Interoperable
To be Reusable

Genentech
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Allotrope Technologies Provide Essential Consistency

<+« [ 2

@J I Ingest Data
I

Queued 0 (0 bytes)

v

U= ) Create ADF Package
ol PutFile 1.4.0

org.apache.nifi - nifi-standard-nar

In 0 (0 bytes)

Read/Write 0 bytes /0 bytes
Out 0 (0 bytes)

Tasks/Time 0/00:00:00.000

Name success
Queued 0 (0 bytes)

v

:'-.:r_{> b Archive Data

o

Archival Metadata Stored
Consistently in Data Descriptor

Original Result Data Stored
Safely in Data Package

\

J

Data Cubes Ready for Future
Allotrope Data Models

~
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Beyond Archival: Automation and Data Delivery

Open Format
Conversion

(ADM, mzML, .tiff)

S

Wb Data Delivery Interfaces

\_

| o

REST Interface Message Queue

SFTP Delivery

2

Shared Drive

J

—.

Analysis Tools
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Process Focus Enables Scientific Knowledge Interchange

(i)

has participant (>=0)

has material input (>=0) has data input (>=0)
\

has participant (=1) Process temporally related to (>=1)—>

«—
/

has part (>=0)

has material output (>=0) has data output (>=0)

Subprocesses

(o) (o)
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Ana2 uses AFO to Deliver Consistent Result Data
I ~

"version": {

///'7“@id": "http://purl.allotrope.org/ontologies/process#AFP_0000748",

"@type": "process", ) "@id": "http://purl.mpl.gene.com/term/version"
"prefLabel": "high performance 1liquid chromatography", "dataset": {
"has data output" . { "@id": "http://purl.org/linked-data/cube#Dataset"
. : 1,
"@id": "http://ana2.gene.com/rest/dataset/cal0fb3ec-de57-49d1-8b13-9e06659b2470", "process": {
"@type": "dataset", "@id": "http://purl.obolibrary.org/obo/BF0_0000015"
A . 0o .. . " 1,
"original dataset Tocation": "/path/to/original/location", "device": {
"has version" : { "@id": "http://purl.mpl.gene.com/term/client"
= n : - " 1,
"@id": "http://ana2.gene.com/rest/version/02c12605-c1ff-4910-bc13-0fbcbbaldb43", "has data output": {
"@type" - "version" , ) "@id": "http://purl.allotrope.org/ontologies/property#AFx_0000544"
"Tast modified" : "2016-10-19T721:09:49z" "has version": {
} "@id": "http://purl.allotrope.org/ontologies/property#AFx_0002737"
1,
} ’ "analyst" : {
"device": { ) "@id": "http://purl.allotrope.org/ontologies/role#AFRL_0000003"
"@id": "http://ana2.gene.com/rest/client/1234543543-1231241-12124324-14123534252", "last modified" : {
" . "o, "@id": "http://purl.org/dc/terms/modified",
dﬁV'I ce Eypﬁ " { . R " "@type": "http://www.w3.0rg/2001/XMLSchema#dateTime"
@type": "http://purl.allotrope.org/ontologies/equipment#AFE_0000224", ,
" noL oups _ : . " "original dataset location": {
} prefLabe1 h h1gh pe rformance 11C|U1 d chromatog raph "@id": "http://purl.allotrope.org/ontologies/result#AFR_0000919"
’ 1,
n ", "Tocation": {
mﬁgadqta ) { fact " "AGH T . "@id": "http://purl.allotrope.org/ontologies/spatial#AFSP_0000001"
evice manurtacturer . gilen y },
" i "ro.on " "prefLabel": {
} device model " 1200 ) "@id": "http://www.w3.0rg/2004/02/skos/core#prefLabel"
’ )
n . no,on _ n "metadata": {
";?22{;221 " " ﬂig??igt ’ HPLC 2" "@id": "http://purl.allotrope.org/ontologies/property#AFx_0002802"
. 1,
} "device manufacturer": {
"E)al"ti ci pant" { "@id": "http://purl.allotrope.org/ontologies/result#AFR_0001258"
. 1,
" ".n " "device model": {
Hgimse"' Sggﬁ)s/?):" ’ "@id": "http://purl.obolibrary.org/obo/IA0_0000017"
y : 1,
"role": { ’ "device type": {
" ) " " . " "@id": "http://purl.allotrope.org/ontologies/equipment#AFE_0000354"
@type": "http://purl.allotrope.org/ontologies/role#AFRL_0000003", 3,
" ", " " "name": {
} prefLabe1 - anal ySt "@id": "http://purl.allotrope.org/ontologies/result#AFR_0001063"
1,
} "participant": {

"@id": "http://purl.obolibrary.org/obo/R0_0000057"
Q JSON- \ 1 /
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A Draft Model of Instrument Metadata for Archival and Delivery
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Allotrope: Paying Dividends for Ana2

« Using standards like AFO, ADM, ADF allow innovation and modularization
« Open standards ensure data remains accessible (now and in the future)

Open Standards Ensure Accessibility

e Now: allow centralization and automation
« Future: provide compatibility for existing data
e Renewed focus on the science

Complementary Technologies Working Together

« Using Allotrope Data Format together with Ontologies and Data Models is a perfect fit for data
archival and transfer

« Deploying them separately in other use cases (search, delivery) retains common ecosystem

Genentech .8
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A Layered, Evolutionary Approach to Digital Laboratory

Transformation
Open Data
‘ « Allotrope Data
Automation Model (ADM)

 Potential Future
Common Allotrope
' Metadata Technologies
Standardized « Allotrope
Formats Ontologies
Centralization . ADF
e Ana2 Primary
Endpoint

Deploying ADF widely allows us to handle data consistently, at scale, today —
and allows us to enrich it in the future

Genentech
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Allotrope and Ana2 Manage the Scientific Knowledge Lifecycle

(Ontologles Generate
Hypothesis
S 2N

N

[>0]
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4 )
Data Format

Cubes

Package
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~\ Reformulate Perfprm

Data Models Knowledge Experiment
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