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What do we work on?

Tech Development
• Data processing pipeline

• Term extraction from 

literature

Applications
• Citation velocity

• Recommending papers

Cheminformatics
• Molecular characterisation

• Chemical similarity

• Molecule recommender

Business analytics
• Lead generation

• Data dashboards



Recommender Systems



What about a molecule recommender?

What other molecules are “related” to vancomycin?

Vancomycin

Use Cheminformatics fingerprinting…



Cheminformatics fingerprinting methods

e.g.

• Method 1: Morgan 

(radius=2) fingerprint

• and Dice coefficient 

similarity

• Use RDKit

http://www.rdkit.org/

But which way? 



What molecules are related to…

Method 1: Cheminformatics - Morgan (radius=2)



Cheminformatics similarity methods

e.g.

• Method 2: Topology 

• and Dice coefficient 

similarity

• Use RDKit

http://www.rdkit.org/

• Identifies and hashes 

topological paths 

(along bonds) to 

make fingerprints

• then folded

Or…



What molecules are related to…

Method 2: Cheminformatics - Topology



• Researchers have different, more specific 
questions behind “What molecules are 
related to vancomycin?”

But what do we mean by “related”?



For example Amazon…



For example Amazon…



For example Amazon…



What molecules are related to vancomycin?

• What could I use as a drug molecule instead of this?

• What other molecules are about the same size and shape?

• What other molecules have the same functional groups?

• What else could I use for this application?

• What else could I use with similar or better properties?

• What else could I replace this molecule with in this reaction?

• What can I synthesise this molecule from?

• What can I use as a solvent for this molecule?

• What other molecules might pack together the same as this when crystallised?

• What shall I work on next?

• What are my colleagues (competitors) working on?

• Or sometimes just “surprise me!”

• …



What about a molecule recommender?

What other molecules are “related” to vancomycin?

Vancomycin

Use Data Science…



We have access to:

• ChemSpider

RSC Data Science



RSC Data Science

We have access to:

• ChemSpider

• RSC publishing



RSC Data Science

We have access to:

• ChemSpider

• RSC publishing

• logs

2016-06-24 00:05:07 192.168.0.1 pubs.rsc.org – GET /en/content/articlepdf/2007/sm/b704827k - - - XXX.XXX.XXX.XXX -
Mozilla/5.0+(Windows+NT+6.1;+WOW64)+AppleWebKit/537.36+(KHTML,+like+Gecko)+Chrome/50.0.2661.102+Safari/537.36
ShowEUCookieLawBanner=true;+X-Mapping-hhmaobcf=5EFF013F0F2EB5C7479A967277AFB2F4;+ASP.NET_SessionId=tzmjdkojxv2jcqh25omqerui;
+Branding=50000XXX;+AuthSystemSessionId=261e0a91-7d73-4fd7-9380-e73e298d6047;+__utmt=1;+__utma=1.2022872114.1464909160 
.XXXXXXXXXX.XXXXXXXXXX.X;+__utmb=X.X.X.XXXXXXXXXXXXX;+__utmc=1;+__utmz=X.XXXXXXXXXX.X.X.utmcsr=google|utmccn=(organic)|utmcmd
=organic|utmctr=(not%20provided);+iislog-host=pubs.rsc.org;+iislog-s-ip=172.30.229.101
http://pubs.rsc.org/en/Content/ArticleLanding/2007/SM/b704827k - 200 - - - 409353 - -



• Cheminformatics similarity
“X has structural features in common with...”

• Human behaviour
“users who looked at X also viewed...”

• Published literature
“papers mentioning X also mentioned...”

What molecules are related to X



• Cheminformatics similarity
“X has structural features in common with...”

• Human behaviour
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• Published literature
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What molecules are related to X



Data sets
• Behaviour:

 ChemSpider web logs (2015-2016)

 molecules grouped by user IDs

 anonymised, aggregated

• Literature:
 RSC corpus (2000-2012)

 text-mined for chemical compounds

 molecules grouped by article

• Combine:
 Must appear twice in both sets

 Total of ca. 20K molecules

We take privacy 

very seriously!



• Distance measures for pairs of molecules:
 Fingerprinting: Dice Coefficient

 Literature and Behaviour: Mean-square contingency 
coefficient φ

• Clusters using Affinity Propagation
 Number of clusters decided by the process

 Each cluster has exemplar – the “best example” 

 Implemented with Concurrent_AP Python package

• Display clusters
• Interface using Django Python package

Methods 



What molecules are related to…

Method 3: Behaviour

azithromycinstreptomycin lincomycin

(antibiotics)



What molecules are related to…

Method 4: Literature

majusculamide C petriellin A idraparinux



• We have lots of related molecules by different 

methods – do we need to display all of them?

• Compare similarities of clusters and rankings…

Comparing methods



Compare rankings: Mantel permutation test
Behaviour Literature Morgan Topology

Behaviour — 0.044 0.015 0.011

Literature 0.044 — 0.036 0.030

Morgan 0.015 0.036 — 0.110

Topology 0.011 0.030 0.110 —

• Some correlations are significant but none are strong:
• methods are contextually distinct

• Cheminformatics fingerprinting methods correlated most significantly (expected)

• Literature more loosely correlated with Behaviour and Cheminformatics methods

• Behaviour most distinct from Cheminformatics methods



• We have lots of related molecules by different 

methods – do we need to display all of them?

Comparing methods

• Yes!

• They’re all contextually distinct –

best used in combination?

• Investigate via user testing





Beyond chemical contexts





• Molecular Recommender
 User evaluation

 come and find me and try it (especially if you’ve 
published in RSC publications)!
 which method results do you find most useful?

 how many results would you like to see – just one (I feel 
lucky)/ or lots

 where would you like to see this tool?

 what other features would you like to see? e.g. reactions that 
this molecule takes part in?

• Better chemical name extraction => ChemListem

Next step



• Participated in public, competitive evaluation extracting chemical names from 

patents:

• BioCreative V.5 (Critical Assessment of Information Extraction in Biology) 

community-wide effort with the aim of evaluating biomedical text mining and 

information extraction tools, submitted and evaluated using Becalm platform

• CEMP (chemical entity mention in patents) task

• Using deep learning techniques – recurrent artificial neural networks

Chemlistem

Named Entity Recognition (NER)



• Compared 3 methods:

• “Traditional” Conditional Random Fields CRF translated to deep learning:
• Tokenises using Oscar => words

• Maps each word => GloVe “word embeddings” (n-dimensional vectors)

• Rich per-token feature set

• Uses external resources (e.g ChEBI and ChemSpider chemical name dictionaries)

• Single recurrent bidirectional LSTM (Long Short-Term Memory) layer

• Minimalist approach:
• Character level – no tokeniser

• Character embeddings only

• No features

• No external resources

• Three recurrent bidirectional LSTM (Long Short-Term Memory) layers

• Ensemble combination of previous two methods:
• Run Traditional and Minimalist systems with a low threshold => generate 2 lists of entities

• Combine scores of entities in lists and apply threshold of 0.475

Chemlistem Methods



Embeddings

Other Features

Convolutional

Layer

Merge

Bidirectional

LSTM

SOBIESOBIESOBIE

Token n Token n+1Token n-1

Final Layer

Outputs

Inputs

“Traditional” neural network



Embeddings

Bidirectional

LSTM 3

SOBIESOBIESOBIE

Character n Character n+1Character n-1

Final Layer

Outputs

Inputs

Bidirectional

LSTM 2

Bidirectional

LSTM 1

“Minimalist” neural network



Example SOBIE output - Traditional

in methyl ethyl ketone and

S (singleton) 0.002 0.250 0.040 0.001 0.001

O (other) 0.998 0.008 0.010 0.300 0.999

B (beginning) 0.0 0.700 0.150 0.004 0.0

I (inside) 0.0 0.040 0.550 0.045 0.0

E (end) 0.0 0.002 0.250 0.650 0.0



Results

System Offical

F-score

Official 

Precision

Official 

Recall

Internal

F-score

Internal 

Precision

Internal 

Recall

Trad .8919 .8867 .8971 .8703 .8648 .8758

Minimal .8901 .8865 .8936 .8664 .8479 .8858

Ensemble .9032 .9002 .9062 .8807 .8646 .8976

• Participating in public, competitive evaluation (BioCreative V.5 Becalm)

 0.9006 precision, 0.9062 recall, .9032 F

 3rd place out of 17 (0.1% off 1st, “differences in the top three 
weren’t statistically significant”)

 inter-annotator agreement studies on manual annotators were at 
90% (human level)



• Peter Corbett, John Boyle. “Chemlistem - chemical named entity recognition 

using recurrent neural networks” (2017) 

http://www.biocreative.org/media/store/files/2017/BioCreative_V5_paper8.pdf

• Open source:

 http://bitbucket.org/rscapplications/chemlistem

 pip install chemlistem

Chemlistem



Colin Batchelor – Molecule Recommender development
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www.rsc.org/data-science



Any questions?


