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Disclaimer

These slides were made from 100% recycled
electrons.

This will be a well balanced presentation.
| have a chip on both shoulders.

| am professionally irreverent.

INChlTRUST




www.inchi-trust.org

Outline

1. Background/History/Objective/Why InChl?
2. InChl Technical Details and Examples

3. InChl Trust
4. Current and Future InChl activities

5. Acknowledgements

INChlTRUST




www.inchi-trust.org

Objective

The IUPAC Chemical Identifier (InChl) is an open source,
freely available, non-proprietary identifier for well defined
chemical substances.

The InChl enables chemical information in electronic data
sources (databases, registries, journals and repositories) to
be machine readable.

Enabling easier LINKING of, and working with, diverse data
and information compilations.
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Why InChl? - Too Many ldentifiers

Structure diagrams
- various conventions
- contain ‘too much’ information

Connection Tables
- MolFiles, Smiles, ROSDAL, ...

Pronounceable names
- IUPAC, CAS, trivial

Index Numbers
- EINECS, FEMA, DOT, RTECS, CAS, Bellstein, USP, RTECS, EEC,
RCRA, NCI, UN, USAF
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Why Use InChl

For publishers and database providers using InChl gives
one a competitive advantage being able to LINK content
from multiple sources. It offers users the ability to help In
new discoveries from existing information and data by
easily being able to integrate, remix, and retell. InChl is a
small, but vital, part of new business models and
technologies involving chemicals that will lead to new
discoveries. Combinability increases the value of
Information and data.
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INChl & Open Access

InChl is the way publishers are improving their product delivery and
meeting their US Government mandated Open Access regquirements
by conveying supplemental information to users.

With publishers depositing these structures on behalf of the authors
Into a public repository like PubMed, PubMed Central (PMC),
PubChem, and other resources. With publishers deciding to include
InChl's within articles, PubMed/PMC depositions, it will be of value
as the chemical structures will be readily parsable/accessible/usable
by NLM and their user community.
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Critical factors for the
success of InChl project

1. Technically competent staff
2. Fulfill a real community need

3. Political and Financial Support
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The Internet has made the world
more homogenous for chemical
Information and the Open Source
INChl/InChlKey Is not affected by
global boundaries or proprietary
chemical structure representations.
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InChl Technology Other Technology
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Technical: inchiis a unique representation/identifier for
defined chemical structures. Probably marginally better than
previous ones. The InChl algorithm was built on the shoulders of
giants.
http://en.wikipedia.org/wiki/Graph_theory

Practical: inchi and the related hash-code compressed

InChIKey are the only available universal LINKs for in-house and
public databases of defined chemical structures. Adoption and
use by the vast majority of publishers and database providers
assure it will be widely used.
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INChl is the worst computer readable structure
representation except for all those other forms that
have been tried from time to time.

With apologies to Sir Winston Churchill
(House of Commons speech on Nov. 11, 1947)
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Why InChl is becoming a success

1. Organizations need a structure representation for
their content (databases, journals, chemicals for sale,
products, and so on) so that their content can be
LINKED to and combined with other content on the
Internet.

2. InChlis a public domain algorithm that anyone,
anywhere can freely use.
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How do we know the InChl
project I1s beneficial?

Success IS uncoerced
adoption
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InChl have some advantages over other chemical identifiers developed before:
(1) They are freely useable and non-proprietary.

(2) They allow a more advanced representation of chemical
information than other codes (such as the SMILES code).

(3) They are unambiguous, i.e. conversion of chemical
structures using standardized algorithms only leads to one InChl.

(4) They are precisely indexed by major search engines such as Google.

However, INChl are not applicable to generic formats often disclosed in patent literature, such as Markush
structures, since they were rather designed to represent specific chemical

structures and compounds. InChl therefore are not yet useful for comprehensive retrieval of patent
literature.

Excerpt taken from:
Full-text prior art and chemical structure searching in e-journals and on the internet — A patent information

professional’s perspective
World Patent Information, Volume 31, Issue 4, December 2009, Pages 278-284

Maik Annies (Syngenta)
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The LINKED and Interoperable and Combinable

World of InChl
Query INChi(2)
(Any InChl or SMILES
InChiKey) Mol File
\ 7
InChl Resolver(s) Std InChl
User (InChl & InChl
Key) Company or
&/or Search Database 2
Engine(s)
Std Internet/ WWW o
INChl/Key

Std InChl
Company or

Company  or InChl T RUST Database 3

Database 1
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InChl layered structure design

The current InChl layers are:

1. Formula
2. Connectivity (no formal bond orders)
a. disconnected metals
b. connected metals
3. Isotopes
4. Stereochemistry
a. double bond (Z/E)
b. tetrahedral (sp3)
5. Tautomers (on or off)

Charges are added to end of the string
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INChl| Characteristics

1. Easy to generate (It will use existing software.)

2. Expressive (It will contain structural information.)
3. Unique/Unambiguous

4. Easy to search for structure via Internet search

engines (Google, Yahoo, Microsoft Live, etc.) using the
INnChl (hash) Key.
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Different geometric or stereo isomers have different identifiers
—All distinguishing structural information is included

I e
|

INChl 7é InChl
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One compound has only ONE InChl

Same InChli
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InChl Layers: L-Histidine

CH N O INChl=1/C6HIN302 Formula Connections
PN (J
/c7-5(6 [

2 C—Ce
\N_{:/ N4 1-4-2-8-3-9-4 Hydrogens (mobile)
o , CH2 ) 1o N . CH2 . Y04 %
Hcg/ e \CH—C/{ S Hcg S \CH—Cg
\NH_QH 7Nﬁ2 1:OH \Ql_é/H 7Nﬁ2 ?10 /h2-3,5H,1,7H2,(H,8,9)(H,10,11)
;N\4/1CHis 1/; /QNH\4/1(:|-|as 1ﬁOH
S //C SR T "N //C SR Stereo
\8NH—2CH NH;  OH N—CH NH; O /t5-/m0/s1
9N , 1CH2 . 14
ne? \”C/ ;CH_({{ (_) Hydrogens
fwi—gn A, o /fIh8,10H (fixed)

InChl=1/C6HIN302/c7-5(6(10)11)1-4-2-8-3-9-4/h2-3,5H,1,7H2,(H,8,9)(H,10,11)/t5-/m0/s1/f/h8,10H
InChlKey=HNDVDQJCIGZPNO-QLMCEAFFNA-N  InChiKey=HNDVDQJCIGZPNO-YFKPBYRVSA-N
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How does the InChl work?

OH O OH O
D-Fructose L-Fructose

D-Fructose (Natural)
INChl=1S/C6H1206/c7-1-3(9)5(11)6(12)4(10)2-8/h3,5-9,11-12H,1-2H2/13-,5-,6-
/m1/s1

INChlKey: BJHIKXHVCXFQLS-UYFOZJQFSA-N

L-Fructose
INChl=1S/C6H1206/c7-1-3(9)5(11)6(12)4(10)2-8/h3,5-9,11-12H,1-2H2/13-,5-,6-
/m0/s1

INChliKey: BJHIKXHVCXFQ
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Bar Codes — not designhed to be read
by humans

INChl — not designed to be read by
humans. It is designed to be read by
search engines and computer
programs
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o CH,
HaC_ N
N
J_ 2
o) rTl N

CH;
InChl=1S/C8H10N402/c1-10-4-9-6-5(10)7(13)12(3)8(14)11(6)2/h4H.1-3H3 (caffeine)

character indicating the number of protons
(‘N’ means neutral)

InChiKev=RYYVLZVUVUVGH-UHFFFAOYSA-N /

\ flag character for InChl version:
‘A’ for version 1

flag character (‘S’) indicates
Encodes molecular skeleton Second block (8 letters) standard InChiKey (produced out
(connectivity)

First block (14 letters)

Encodes stereochemistry and isotopes ©f standard InChl)
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Google

*8 Everything
Images
Bl Vvideos

¥ More

*| Show search tools

1/C8H10N402/c1-10-4-9-6-5(10)7(13)12(3)8(14)11(6)2/h4H,1-3H3

Search ‘ "

About 5,720 results (0.36 seconds)

InChi=1/C8H10N402/c1-10-4-9-6-5(10)7(13}12(3)8(14)11(6)2/h4H.1-3H3
INChI=1/CEH10N402/c1- 1049651007 (13)12(3)8(14)11(6)2/h4H 1-3H3 ... reveals an inhibitor
of Mre11-Rad50-Mbs1 complex | Mature Chemical Biology, 2008 ...
www_chemspider.com/InChlKey=RYYWVLIVUVINVGH-UHFFFAOY AW - Cached - Similar

Caffeine - Wikipedia, the free encyclopedia

1CEH10N402/c1-10-4-9-6-5(10)7(13)12(2)8(14)11(6)2/h4H.1-3H3. InChl key,
Y Y WLAVUWVINVGH-UHFFFADY AW . Properties. Molecular formula, CEH10M402 ...

en.wikipedia.org/wiki/Caffeine - Cached - Similar

Compound 7 : Moonlighting proteins Hal3 and WVhs3 form a ...
Maov 1. 2009 ... InChI=1/C8H10N402/c1-10-4-9-6-5(10)7(13)12(3)8(14)11(6)2/h4H 1-3H3.

InChlkKey: RYYVLAVUVIIWVGH-UHFFFAOYAW ...
www_nature com » Journal home » Archive » Article » Full text

caffeine (CHEBI:27732)

Oct 17, 2009 ... InChlI=1/CEH10N402/c1-10-4-9-6-5(10)7(13)12(3)8(14)11{6)2/h4H 1-3H3.
INChI=1/CEHT10N402/c1-10-4-9-6-510)7 (131 2(3)8(1411(6)2/h4H 1-3H3 ...
www_ebi_ac_ukfchebi/searchld do?chebild=CHEBI- 27732 - Cached

INChi=1/C8H10N402/c1-10-4-9-6-5(10)7{13)12(3)8(14)11(6)2/h4H.1-3H3
INChI=1/CBH10N402/c1-10-4-96-510)7(13)12(3)8(14)11(6)2/h4H_1-3H3_ ... reveals an inhibitor
of Mre11-Rads0-Mbs1 complex , Mature Chemical Biology, 2008 ...

mesh.chemspider. com/Chemical-Structure 2424 html - Cached

Caffeine Mass Spectrum
CHEMAME: Caffeine CH3FORMULA: CBH10M402 CHSEXACT MASS: 194.08038

CHESMILES: ... CHSIUPAC: 1/C8H10N402/c1-10-4-9-6-5(10)7(13)12(3)8(14)11(6)2/h4H,1-3H3

;:r:n w.massbank_jpfjsp/Dispatcher jspHtype=disp&id...1 - Cached - Similar
caffeine 58-08-2

Aug 3. 2010 ... IUPAC Mame -, 1,3, 7-trimethylpurine-2_6-dione. InChl -, InChl=1/C8H10N402
fe1-10-4-9-6-5(10)7(13)12(3)8(14)11(6)2/h4H 1-3H3 ...
www_thegoodscentscompany.com/data/rv1 014161 html - Cached - Similar

Advanced search




SEARCH HISTORY
Search more to see your

history

See all
Clear all

Turn off

Mews Maps More | MSM Hotmanl

1/C8H10N402/c1-10-4-9-6-5(10)7(13)12( [=]
Web Images “Wideos

AllL RESULTS 1-10 of 60 results - Advar

MMRanalyst Sample Application: Caffeine
1ICBHTONAOZ/c1-10-4-9-6-5(10)T(13)12(3)8(14)11(6)2/h4H,1-3H3 ___ 1D Proton Resonances From

Web Site: 5= cat __.
www_sciencesoft_netfcaffeinefindex_html - Cached page

ChemSpider News » ChemSpider Integrations
The INChiA andA InChlKey for caffeine are shown below: InChI=1/C8HT10NA0O2
fe1- 1049 6510713123141 1(6)2/h4H,1-ZH3 InChlKey=RY Y WLAWVUWVIINV GH-LUHFFFAOY AMY

www_chemspider.comfnews/categornyfintegration - Cached page

INChl=1/C8H10MN402/c1-10-4-9-6-5(10}7(13)12(3)8(14})11(6)2/h4H.1-3H3
Log Octanol-Water Partition Coef (SRC): Log Kow (K.OWWIN v1_ 67 estimate) = 0.16 Log Kow (Exper.

database match) = -0.07 Exper.
www_chemspider comfChemical-Structure 2424 _html - Cached page

caffeine 58-08-2

1.3.7-trimethylpurine-2_ 6-dione: InChl - InChI=1/C8H10NAO2/c1 - 10-4-9-6-5(10)T(13)12({3)8(14)11(6)2
fhdH,1-3H3: InChlkKey - RY Y WLV IUWVINW GH-UHFFFACY AW

www_thegoodscentscompany . comdfdata/rw1014161 _html - Cached page

Chemistry and Biology support, KDE/Strigi GSoC project: August 2007
INChI=1/CEH10NA02f c1-10-4-96-5(10)7(13) 12(3)8(14)11(6)2/ h4H,1-3H3 The solution was to add a
special flag to chemistry.inchi ontology field property that would indicate that a __.

neksa blogspot.comf2007_08_01_archive_html - Cached page

International Union of Pure and Applied Chemistry
INChI=1/AC8HT10NA402/c1 - 1049 6-510)F(13)12(3)8(14)11(6)2/h4AH,1-3H3
INChIKey=RY Y WLAVIUWIIWGH-UHFFFAOY. AW First block (14 letters), encodes molecular skeleton

([connectirity ___
www_iupac_orgfinchifrelease102_html - Cached page

Caffeine Mass Spectrum

. name: caffeine ch$formula: c8h10n402 ch$exact_mass: 194 08038 chismiles:

cni{c2jcic{(=o}1 cinZ2)iniclc(=oin{c)1 chBiupac: 1/c8h1indo2fc1-10-4-9-6-510)7(13)12(3)&(14)11(6)2
hah,1-3h3

www_massbank jpfisp/Dispatcher jsp?type=disp&id=PR0O10011&site=1 - Cached page
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Scientific Articles Mentioning InChl

"The Chemical Translation Service (CTS) - a web-based tool to improve standardization
of metabolomic reports"

Gert Wohlgemuth, Pradeep Kumar Haldiya, Egon Willighagen, Tobias Kind, and Oliver
Fiehn

Bioinformatics, published 9 September 2010 (Open Access)

"PathwayAccess: CellDesigner plugins for pathway databases"
John L. Van Hemert and Julie A. Dickerson
Bioinformatics 2010, 26(18), 2345-2346 (Open Access)

"Utopia documents: linking scholarly literature with research data"
T. K. Attwood, D. B. Kell, P. McDermott, J. Marsh, S. R. Pettifer, and D. Thorne
Bioinformatics 2010, 26(18), 568-574 (Open Access)
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http://bioinformatics.oxfordjournals.org/cgi/content/abstract/btq476v1?ct=ct
http://bioinformatics.oxfordjournals.org/cgi/content/abstract/btq476v1?ct=ct
http://bioinformatics.oxfordjournals.org/cgi/content/abstract/btq476v1?ct=ct
http://bioinformatics.oxfordjournals.org/cgi/content/abstract/btq476v1?ct=ct
http://bioinformatics.oxfordjournals.org/cgi/content/abstract/btq476v1?ct=ct
http://bioinformatics.oxfordjournals.org/cgi/content/abstract/btq476v1?ct=ct
http://bioinformatics.oxfordjournals.org/cgi/content/abstract/btq476v1?ct=ct
http://bioinformatics.oxfordjournals.org/cgi/content/abstract/26/18/2345?ct=ct
http://bioinformatics.oxfordjournals.org/cgi/content/abstract/26/18/i568?ct=ct
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The InChl Trust

With the needs of NIST fulfilled with respect to what capabilities of an
InChl are required for NIST databases, and since IUPAC is fundamentally and
culturally a volunteer organization, there needs to be a way to continue
development of InChl, and maintain the InChl algorithm. As aresult of
it was concluded that a not-for-profit organization would best fit the project needs.
Thus the decision to create and incorporate the "InChl Trust" . As there is no "free
lunch", the Trust will need resources to continue to operate. Membership in the
InChl Trust requires annual dues. The income from these revenues will be used
exclusively for InChl development, maintenance, and educational activities
associated with the project. Membership will entitle a member to influence the
direction, priority, and speed of further Trust activities. Those organizations which
do not join the INnChl Trust will still have free access to the InChl algorithms but will
not participate in any decision-making or direction -setting activities.
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INChl Trust Organization

h Users
INChI Trust Board of Directors
members, $
associates, — .
and 1 [UPAC Division VIiI

supporters \ : InChl Subcommittee
Project / (Scientific Advisory

Director Board)

(Part Time
oo o N
Administrative / Central InChl

Support - Computer — FIZ
FIZ CHI_EN“E CHEMIE Berlin
Berlin

A4

Development
And Maintenance
Programmers
(Part Time)
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Current InChl Trust Members

ACD Labs
ChemAxon
Elsevier
FIZ CHEMIE - Berlin
IBM
Informa/Taylor & Francis
IUPAC
John Wiley & Sons
Microsoft
Nature Publishing Group
OpenEye
ProQuest/Dialog
Royal Society of Chemistry (RSC)
Springer
Symyx
Thomson-Reuters
16 as of 10/1/2010

INChlTRUST




www.inchi-trust.org

Current InChl Trust Supporters

CalTech, CA, USA
Chem?21, IL, USA
Indiana University, IN, USA
National Chemical Laboratory, Pune, India
National Institute of Chemistry, Ljubljana, Slovenia
SharePoint, WA, USA
Trinity University, TX ,USA
Unilever Centre for Molecular Science Informatics, Cambridge UK
University of Applied Science, Gelsenkirchen , Germany
University of California — Riverside
University of California — San Francisco
University of North Carolina, NC, USA
University of the West Indies, Mona, Jamaica
Xemistry GmbH, Germany
14 as of 10/1/2010
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Future development

There are working groups looking at InChl extensions for:

Markush (results expected 2011)
Polymers/Mixtures (results expected 2011)
INChl Resolver protocols (results expected 2011)
Organometallics (results expected 2012)
Electronic States (results expected 2012)
RINChl =InChl for Reactions (results expected 2012)
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Possible Future Enhancements

Transrutherfordium elements

Electronic States, including Transition states and Excited states.
Work with IUCr for 3D information

Proteins, Peptides & Biopolymers

Mac supported version

Java version

VS2010 .NET compilation support

NOoOAWNE
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The Future

INChl has become mainstream for publishers,
databases providers, and software developers. Over
the next 5-10 years, publishers will use data mining to
create both better abstracts, useful indexing, and
concept terms. Search engines will be able to search
for appropriate text and structures and direct users to
the original (fee or free/Open Access/Open Data)
sources.
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Summary

If you are not part of the
solution; you are part of the
precipitate.
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