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Outlook

e Introducing Philip Morris International R&D

* Collecting data - smoke/aerosol complex matrices
e Organizing data - Graph-based KnowledgeBase
e Exploring data - Advanced graphical visualization

* Graphical Read-Across

e Demonstration
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Philip Morris International R&D

« QOver 300 scientists and engineers in the fields of biology, physics, chemistry,
electronic engineering, mathematics, computational science, medicine and

pharmacy.

e The main focus is to have a positive impact on public health by developing
iInnovative and acceptable RRPs, which are supported by compelling evidence that
they are likely to have a positive impact on the health of current adult smokers. ‘
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Reduced Risk Products
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RRPs Aerosol Characterization

Systems Toxicology, Clinics

Computational chemistry
Studies to advance scientific

Automation and acceleration and medical knowledge.
of structural identification. Clinical and toxicological

Databanking, QSAR modeling | assessment.
and clustering.

Aerosols are analyzed for
HPHCs (regulatory)
or assessed using a non-
targeted approaches.

Aerosol

Chemical and
Spectra Registry

Smoking machines
generate aerosols that are g
trapped and collected.

Structural
Identification

Public Domain

Chemolnformatics KnowledgeBase
(CIKB)


Presenter
Presentation Notes
It is important to fully characterize the chemical composition of RRP aerosols, produced by heating tobacco compared to smoke originated from combustible cigarettes.


http://www.chem.agilent.com/en-US/products-services/Instruments-Systems/Gas-Chromatography/Capillary-Flow-Technology/PublishingImages/product_7890B_5977A_7693_tray_226x191.png
http://www.chem.agilent.com/en-US/products-services/Instruments-Systems/Gas-Chromatography/Capillary-Flow-Technology/PublishingImages/product_7890B_5977A_7693_tray_226x191.png
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Presenter
Presentation Notes
TGSC 19960, EFSA 2662/2671, Nr. of PMICodes in CIKB 5365/11572, Leffingwell 4734/50000, Actor 4949/500000, NIST compounds 80368 with RI, 18029 with CAS numbers
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Graph Database %’ NEO/|

» Flexible data structure, can change in the future, can create new nodes, new relationships
e Close match to business logic

(a)-(r)_>(b) Person { name:Tom Hanks }

- ACTED_IN
fenesIaeT] { roles: Robert Langdon }
Person Movie {title:The DaVinci Code }
{ name: Ron Howard } B * C
DIRECTED

e Can be queried by Cypher language
MATCH (n:Person)-(r:ACTED_IN)-(m)
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Presenter
Presentation Notes
Can be queried by Cypher language - human-readable combination of English prose and intuitive iconography



Graphical User Interface

Technology built on AngularJS framework and microservices, and D3.js libraries.

JAX-RS (RESTTul eeﬁ
] e e
web services) 5, & ©
JSON responses s
@eo e @

OSGi bundle as a web service

Browser client, Jscript

Model / View /
Controller

Ul Graphs )3

D3 Documents

NGULARJS

by Google
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Presenter
Presentation Notes
D3.js is a JavaScript library for manipulating documents based on data. D3 helps you bring data to life using HTML, SVG, and CSS. D3’s emphasis on web standards gives you the full capabilities of modern browsers without tying yourself to a proprietary framework, combining powerful visualization components and a data-driven approach to DOM (Document Object Model) manipulation.


Exploring the KnowledgeBase

L)
e Example 1. Exploring EFSA
G7 - ﬁ {"name":"IARC-3","description":"Not classifiable as to its carcinogenicity to humans"}
A B C D 3 Foo| G | H 1
1 |n_id n_labels n_prop r_prop r_id r_type m_prop m_id m_labels
2| 176 ["Substance”"s"] 116", "uscd_date’:1453218731713} I 293 I5_IN {"name""N-nitrosamines"} 161 ["Group”]
3 178 ["Substance’ 153287539439} 1} 610726 15_IN {"name":"Genotoxicity"} 98 ["Toxicity"]
4 178 ["Substance","T"] :1453287539439] {}| 605784 15_IN {"name":"Carcinogenicity"} 97 ["Toxicity"]
5 | 178 ["Substance","T"] 53287535438} {1 588882 1S_IN "name""Hazard"} 85 ["Toxicity"]
5 | 178 ["Substance 453287538438} i 285 I5_IN 161 ["Group"]
T:| 255 ["Substance’ acrylic acid; pr {}| 626305|15_IN Nd 167133 ["Toxicity"]
g 255 ["Substance Iic acid, [waste]","acrylic acid; pr 1} 619505|I5_IN {"name""Reproductive Toxicity"} 100|["Toxicity"]
9 | 255 ["Substance”,"s"] lic acid, [waste]","acrylic acid; pr {3 614354/15_IN {"name":"Developmental Toxic 99 |["Toxicity"]
10 255 ["Substance""5"] lic acid, [waste]","acrylic acid; pr 1}| 610788 I5_IN {"name":"Genotoxicity"} 98 ["Toxicity"]
11 255 ["Substance""5"] lic acid, [waste]","acrylic acid; pr {}| ©05850|15_IN {"name":"Carcinogenicity"} 97 ["Toxicity"]
12 255 ["Substance""S"] lic acid, [waste]","acrylic acid; pr {}| 601958|15_IN {"name":"Chronic Toxicity"} 96 ["Toxicity"]
13 255 ["Substance’ lic acid, [waste]","acrylic acid; pr {}| 5BB730D|IS_IN {"name":"Hazard"} 95 ["Toxici
14 255 ["Substance’ lic acid, [waste]","acrylic acid; priameter":"0.25 mm"} 432224 R_INDEX {"code":"carbowax20m","synonyms 52068 ["Colu
15 255 ["Substance' lic acid, [waste]","acrylic acid; priameter":"0.25 mm"} 273578 R_INDEX {"code' 28503 |["Colui
16 | 255 ["Substance”,"s"] lic acid, [waste]","acrylic acid; priameter”:"0.53 mm"} 273577 R_INDEX |{"code""dbwax","synonyms"[],"na 28503 ["Colul
17 255 ["Substance""5"] lic acid, [waste]","acrylic acid; prh"!’ G448 15_4 {"name":""} 1372 |["Flavor"]
15 255 ["Substance’ lic acid, [waste]","acrylic acid; pr 5447 I5_IN {"name":"not found in nature"} 528 ["Occurrence"]
19 255 ["Substance’ lic acid, [waste]","acrylic acid; pr 437|15_IN {"name":"Others in alphab. order"] 251 ["Group"]
20 263 ["Substance' rop-2-enoic aci 2-propenoic a 626528 IS_IN {"name":"IARC-2B","description 121 ["Toxicity"]
21 263 ["Substance", rop-2-enoic acid","2-propenoic a 619511 IS_IN {"name":"Reproductive Toxicity"} 100 | ["Toxicity"]
22 263 ["Substance", rop-2-enoic acid","2-propenocic a 614362 1S_IN {"name":"Developmental Toxic 99 ["Toxicity"]
23 | 263 ["Substance","s","T"] rop-2-enoic acid","2-propenoic a 610795|1S_IN {"'name":"Genotoxicity"} 98 |["Toxicity"]
24 263 ["Substance” "1 "2-propenoic a 605856 15_IN {"name":"Carcinogenicity"} 97 ["Toxicity"]
25 263 ["Substance’ "1 2-propenoic a 601364 I5_IN {"name":"Chronic Toxicity"} 96 ["Toxicity"]
28 263 ["Substance"”, "] \"2-propenocic a 58B738|I15_IN {"name":"Hazard"} 95 ["Toxicity"]
7 263 ["Substance", "] "2-propenoic a jameter":"0.25 mm"} 214443 R_INDEX |{"code":"dbl","synonyms":[],"name 28515 ["Column"]
B 263 ["Substance","8","T"] "2-propenoic a h":"","or! ":'tgsc"} 35404 1S_A {"name":""} 1372/ ["Flavor"]
29 263 ["Substance" "] "2-propenoic a 35403 1S_IN {"name":"raspberry fruit"} 1522 ["Occurrence"]
30 | 263 ["Substance’ "1 2-propenoic @ 35402|15_IN {"'name":"echinacea purpurea"} 5047 ["Occurrence”]
31| 263 ["Substance”, "] rop-2-enoic acid","2-propenoic @ 35401/15_IN {"'name":"coffee"} 1757 ["Occurrence”]

substancert) J 7(2) I Toxicliy(s)

Relationships

b

o °

Labels

2-methylN-nitr_...

Properties of nodes
and relations
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Presenter
Presentation Notes
Returns 3 compounds that contains trimethylpyrazine in their names:
MATCH (c:Substance)-[r:IS_IN]-(o:Occurrence) WHERE c.name=~".*trimethylpyrazine.*" RETURN c,r,o
 
Returns all types of vanilla as occurrences (double click opens relationship):
MATCH (o:Occurrence) WHERE o.name=~".*vanilla.*" RETURN o

All compounds that appears with the occurrence/flavor vanilla:
MATCH (o:Occurrence)-[r:IS_IN]-(c:Substance) WHERE o.name="vanilla" RETURN o,r,c



Graphical User Interface

Technology built on AngularJS framework and microservices, and D3.js libraries.

JAX-RS (RESTTul . ()
- . . e I!g
web services) &, neOLIJ e
JSON responses () ", ;-%-a
e N
Seo © ©

OSGi bundle as a web service

Browser client, Jscript

L IINGULAR)S
Ul Graphs )3

D3 Documents
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Presenter
Presentation Notes
D3.js is a JavaScript library for manipulating documents based on data. D3 helps you bring data to life using HTML, SVG, and CSS. D3’s emphasis on web standards gives you the full capabilities of modern browsers without tying yourself to a proprietary framework, combining powerful visualization components and a data-driven approach to DOM (Document Object Model) manipulation.


Demonstration - GDB Exploration

e Example 2. Searching flavorants by specific attributes
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Presenter
Presentation Notes
Returns 3 compounds that contains trimethylpyrazine in their names:
MATCH (c:Substance)-[r:IS_IN]-(o:Occurrence) WHERE c.name=~".*trimethylpyrazine.*" RETURN c,r,o
 
Returns all types of vanilla as occurrences (double click opens relationship):
MATCH (o:Occurrence) WHERE o.name=~".*vanilla.*" RETURN o

All compounds that appears with the occurrence/flavor vanilla:
MATCH (o:Occurrence)-[r:IS_IN]-(c:Substance) WHERE o.name="vanilla" RETURN o,r,c



Graphical User Interface

Technology built on AngularJS framework and microservices, and D3.js libraries.

JAX-RS (RESTTul . ()

: o o 279
web services) &, neOLIJ  Zard
JSON responses o o-{;%:,_,

P N
CSe0 © ©

OSGi bundle as a web service

Browser client, Jscript

Model / View /
Controller

Ul Graphs )3

D3 Documents

NGULARJS
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Dynamic Data Visualization Using D3

- D3.js (Data Driven Documents) is highly dynamic graphical visualization library

Non-contiguous
Cartogram

Chord Diagram Dendrogram
B e

Population Pyramid Stacked Bars

2000
| \ Hml

NDdBLink Tree Treemap

Force-Directed Hierarchical Edge
Graph
Streamgraph Scatterplot Matrix

Voronoi Diagram
- :

Al Sl

& o '

Voronoi Diagram Symbol Map

Zoomable Pack Hierarchical Bars

Layﬁut

e R _
A
| e =L T g
&
e &
o N
(i : ok
' i |

PMI SCIENCE

PHILIP MORRIS INTERNATIONAL
15



Presenter
Presentation Notes
D3.js is a JavaScript library for manipulating documents based on data. D3 helps you bring data to life using HTML, SVG, and CSS. D3’s emphasis on web standards gives you the full capabilities of modern browsers without tying yourself to a proprietary framework, combining powerful visualization components and a data-driven approach to DOM (Document Object Model) manipulation.


Radial Set

Vegetable

Alsallakh et al., "Radial Sets: Interactive Visual Analysis of Large Overlapping Sets", IEEE Transactions on
Visualization and Computer Graphics (Proceedings of InfoVis), 19(12):2496-2505, 2013.

B

)



Presenter
Presentation Notes
The most natural way to depict overlapping sets is to use an Euler Diagram (figure 1a). But these diagrams are severely limited in the number of sets they can depict (usually 3 or 4) and cannot always accommodate more sets especially if these sets exhibit numerous overlaps. Radial Sets use an alternative visual metaphor to represent overlapping sets (Figure 1b).



Exploring Radial Sets

e Example 3. Graphical visualization

Switzerland Yugoslavia Crechoslovakia
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Belgium 8| T | "I."Tffﬁ“‘“-~ e East Germany ] )
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souin ASORN A gé\> —_— * Frequency-based representation
West SN ,Af\ » Overlaps, over- or under-represented elements
"""““‘“"r_ AN A g% S * The grouping of sets based on attributes (not only
s ‘::‘ _— predefined sets)
o B3 Dogres  Potential to ‘relate unrelated’ - e.qg.

clusters -> toxicity values -> regulatory registry...

Mo I". 1»_-__ _:-;___,_JII Russia
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Disproportionality -50% N NEN+50% PM‘ SC|ENCE
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Demonstration

e Example 3: Visualizing set-attributes relationships using Radial Set

(Graphical Read Across)

PMI SCIENCE
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Conclusion

At PMI, we analyze complex chemical matrices related to smoke and aerosols
Chemoinformatics team accelerates compounds identification and categorization

Completely novel concept of databanking is based on:

- Chemocentricity - the substance is the central element

- Neo4j Graph database technology - flexible, evolving architecture

- Microservices keeping database up-to-date by public data repositories
- Customizable browser (Angular) and state-of-the-art D3 visualization

Shown cases: Digitized flavorant sets - TGSC and EFSA, Radial Sets

Proper KnowledgeBase that allows Storing - Exploring - Discovering
Store large sets - Explore from any angle - Discover the unexpected

0 PMI SCIENCE
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