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Tihe BiolLexicon: why

Jiext: Mining needs! infermation; aboeut werds
s the lexical component still remains a major bottleneck

IIM systems in the biemedical’ demain must; be provided with
al stibstantialilexicon: covering a realistic vecabulary and
providing the kinds| off liInguistic infermation appropriate to
grasp the knowledge embedded in| texts

n Biemeadical iemnmivananis (rinegraphic; Semantic,
geographieal, ...)

petter information retrieval

n erminelegical Verss: anaihelr compinaioral Propeies

(subcategorization frames and! predicate-argument structure)
petter infiermation exiraction and guestion answering

s Word derivations

to reach similar meaning expressed in different ways (e.g.
activation vs activate)




The, BiolLexicon as a key Ingreadient:
to bridge the gap between text
andknewledge

1o perfiorm such: ar key: role
the BiolLexicon MUSH

reflect the actual uUsage,; of
Words! in Biomedical texts

e continuously Updated
With" new: word synonyms
Biomedical emerging| firom texts

literature includesrichilinguistic
k4 information on' the
behaviourall properties of
NOUNS and Verbs




The BiolLexicon: how

General Requirements
Modularity, extensibility, conformity. to standards, reusability.

Biomedical Domain Specific Requirements
Gene names, protein names, bio-events and participants, ...

Linguistic/Terminologicall Requirements

term variants, source identifiers, acronyms, syntactic and semantic
properties of terms, ...

Text Mining| / Machine Learning Requirements

Confidence scores for automatically’ extracted! infe (e.g. variants,
subclusterizations, subcat frames, ...)




The BiolLexicon: what

Integrated lexical-terminelogical resource off ~2.2Mf lexical
Entries for bIo-text mining withrinformation about

5| NOUNS, Verbs, adjectives, adveris

= both demain-specific’and general language words

populated with termsigathered! firom

= available biomedical sources

s texts (biomedical literature)

INcluding| rich linguistic infermation ranging over different
linguistic descriptions l1evels

s e.d. derivationall morphoelogy, subcategorization patterns, predicate
argument structure; syntax-semanticsi linking

COmBINING| features of both termiNelogies andi epen-demain
computational lexicons

conforming torinternational lexical representation standards
(the ISO/DIS 24613 “lLexical Mark-up: Framework™)

providing links to the Gene Regulation Ontelegy




The BioLexicon: where from

Incremental population process

Existing repositories BL Populatlon ToolKit

MEDLINE
P

Subclustering of
term variants

Named Entity £ Term Mapplng by BioLexicon *
Recognition Normalisation

Manual curation

C . : Subcat extraction
mem o Linguistic pre-processing

[ —

Bio-event extraction

=

Manual annotation of a

bio-event corpus



The BioLexicon: focus on verbs

Accurate TMi applications fecused om event
extraction| reguire lexical reseurces providing an
exhaustive; account off the semantic and
syntactic . combinatorial properties of lexical
units conveying event information

s Several exist for the general language demain,, €.d.
EFrameNet, VerbNet, PropBank

Specialist domains suceh: as v/o/ogy require
FESOUICES
= Use of to describe events
E.g. mEtnyiate), prosproryiate
s deneral langliage predicates may: have

E.9. e patient presented with jniuenza to tie

doctorVs! the patient presented the doctor with
hfluenza




Current biomedical lexical resources

A number of attempts have been made to produce
of general-purpose lexical semantic

fEsEUrCES providingl Information on predicate-argument
structure

s BioFrameNet and PASBIo
corpus-based
small=scale

s, SPECTALIST lexicon
extension off a large lexiconi of general English
not corpus-driven
syntactic complementation patterns only.
Creation of resources focUSssed onl predicate-argument
structure canibe
= Mostly:manually: created| by lexicegraphers
= Limited coverage
= [ime-consuming te port te' new: demains

promising andl increasingly’ viable
= Advances in NLP'and machine learning technology.
= Availability: of corpora




Current biomedical lexical
resources: the need

1o our knowlege; there; Is currently: ne: large-
Scale domain-Specific Iexicali resource
providing predicate-argument infermation

s Dased! on domaln-Specific corpora
sl containing bethr syntactic and semantic

IRformation

The ds a possible answer




The BiolLexicon: our approeach towards

acquisition of verb information

from; biemedical corpora
the most relevant verbsi are included in the lexicon
their encoded! benaviour'is domaln-SpPecific

CONtalnNs Lot/ and information

(e.g. act ARG #PP-a5+)

(e.g. bind AGENT# THEME#LOC#)

between, the two (e.q. express
AGENT>ARG1#THEME>ARG2#LOC>PP-/n#)

pUIlt Py combining NEP and
Maching; lLearning technigues

syntactic framesi are extracted through unsupervised: learning on
dependency-annotated text

semantic frames are based on manual annotation off gene regulation
bio-events by demain experts

link between syntactic and semantic information is manually: added




From Text to Knowledge:
NLP and Knewledge Extraction

Text
Annotation Tools « - -
Lexicons and
ontologies
Structured Knowledge




TThe Biolexicon: our appreach to
subcat extraction

acquiredl threugh UNSUPErVISed: autematic; acquisition
technigues, frem linguistically’ pre-processed domain’ Corpera

s the starting point: shalloew: or deep; syntactic annotation?

particular reguirements;fior' Subcategorization: Frames (SCEs)
I biomedicali language

s SCFs shoeuldialso includesstrengly: selected modifiers; (suchias location,
manner and timing), as these are deemed to be; essential for the
correct; interpretation: of texts

= dverage number el arguments in' SCES higher than generalllanguage

“discovery” approachi to; SCE acquisition: based on a' loeser
notion: off SCES, which includes' typical verb moedifiers in
addition to strongly: selected arguments

= NO a priori knowledge about the set of possible SCFs

= No distinction between argument/modifier




The BiolLexicon: the subcat
extraction; process

SCFs extracted firom al corpus of MEDLINE abstracts and
full papers made up:off 6: million word tokens
The induction process was) performed through:

8 of the acquisition corpus with Enju syntactic
Barser (V2.2, hitp://www-tsujiiLis.s.u-tokyo.ac.jp/enju)) (adapted to

jomedical texts
(ODSs) for each verbal
OCCUFrENCe

each| ODS represented as al set off dependencies described in terms of
relation type (e.g. ARG1, ARG2, PP-in, PP-across that-CL, etc.)

order off dependencies;in each ODS is normalised

for each ODS type, the conditionall probability, given the verb type: 1
Was computed
weighted thresholds used to filter out noisy: frames

= an ODS type with an associated! probability’ score beyond a certain
threshold is selected as eligible SCF for that verb type

each SCE has been extracted for one , I.e. the
extraction process makes abstraction firom the passive usages




Overproduction of TorR in a torT strain resulted in partial constitutive expression of
the torA*-'lacZ fusion, suggesting that TorR acts downstream from TorT.

ROOT ROOT ROOT resulted result

resulted result verb_argl Overproduction  overproduction

a a det_argl strain strain

the the det_argl fusion fusion

torT tort noun_argl strain strain

partial partial adj_argl expression expression

torA'-TacZ tora'-lacz noun_argl fusion fusion

constitutive  constitutive adj_argl expression expression

acts act verb_argl TorR torr

of of prep_argl?2 Overproduction  overproduction

act ARG1=torr@NN 0 0 0 0 PP-from=tort@NNP 0 0 0 000 0 0 0 0 VBZ 0
result ARG1=overproduction@NN 0 0 0 0 PP-in=expression@NN 0 0 0 0 MOD=suggest@VBG 0 0 0 C
suggest ARG1=UNKNOWN@UNKNOWN 000000000000 that-CL=act@VvBZ 0 0 VBG 0

of of IN 12 prep_argl?2 expression expression NN 11
of of IN 12 prep_argl?2 fusion fusion NN 15
that that IN 18 comp_argl acts act VBZ 20
downstream  downstream RB 21 adj_argl acts act VBZ 20
in in IN 8 prep_argl?2 resulted result VBD 7

in in IN 8 prep_argl?2 expression expression NN 11
from from IN 22 prep_argl?2 acts act VBZ 20
from from IN 22 prep_argl?2 TorT tort NNP 23
suggesting suggest VBG 17 verb_mod_argl2  resulted result VBD 7

suggesting suggest VBG 17 verb_mod_argl2 UNKNOWN UNKNOWN UNKNOWN -1
suggesting suggest VBG 17 verb_mod_argl2  acts act VBZ 20




The BioLexicon: subcat extraction
results

136 different induced SCES

vs SPECIALIST Lexicon: very: limited number of complementation patterns

Verb

SCF

P(subcat|v)

Pass

abolish

ARG1#ARG2%#

0.8669767

0:14357768

abolish

ARG1#ARG2#MOD@VBG#

0.0890697

0.1904761

abolish

ARG1#ARG2#PP-in#

0:0959554

0.7029702

accumulate

ARG1#ARG2#

02940677

0.0405458

accumulate

ARG1#

0.4627116

0

accumulate

ARG1#ARG2#PP-in#

0:1084745

0.140625

accumulate

ARG1 #PP-in#

0.1347457

0




The Biollexicon: acquired SCFs and
strongly: selected modifiers

many. of the strongly: selected modifiers; spread over different
SCFs

s radically’ underestimated role
SCEs complemented with' information abeut indiviaual
dEpENCERCIES| off VErS

s typical verbal dependencies, corresponding to either arguments, or
strongly: selected modifiers, detected through the Il association score

s 44 induced dependency types

% passive
-_ SClfred | pOCH usages
methylate ARGI1#ARG2# -- 0.6967 0.1258
ARG1#ARG2#PP-in# I DEP all_ dep_ ) % passive
dep | freq usages

ARGI#ARG2APP.at | ARGoF | 1406 o916 | Tesias | 05
1406 006 | 579113




The BiolLexicon: an example of
stored subcat information for the
Verls aeqguire

p(SCFly)
acquire | ARG1#ARG2# 0.5461 | 0.1284
acquire | ARGI#ARG2#PP-in# | 0.0886 | 0.0833
acquire | ARGI1#ARG2#PP-from# |  0.0406 | 0.1818

acquire | ARGI#ARG2#PP-by# | 0.0406 | 0.0000

acquire | ARG1#ARG2#PP-during# 0.0295 | 0.3750 _
Full parsing

14

acquire ARG2# | 579.96392 | 0.1512915
acquire | WH-wheni# | 25.703417 | 0.1 Preposition-
: based parsing
acquire | PP-from# | 22.716082 | 0.3333333
| PP-by# | 13.626654 0
acquire PP-in# | 13.416025 | 0.1666667

acquire




The BiolLexicon: contained verb
subcategorization infermation

x poth infermation types included into, the Biolexicon

= €.d. the oCCUrrences) off colocallze, CoIOCAIISE, CO-I0CalIZE
and co-/ocal//serecordedl UNder co/ocalize

x 1410 Verb-SCE associations, involving 136 diffierent; subeat
frame types

s 3040 Verb-Deprassociations, invelving 44 slot types




The BioLexicon: bio-event frames

Extracted fromia corpus of 677 MEDLINE abstracts
manually’ annoetated by: biologists

= Semantic parsers not mature eneugh tor provide the
starting point (as opposed te dEpEndency. Parsers)

5 Manual semantic annetation carred eut on| top: off shallow
syntactic, annetation: (Cchunking™)

consistency. off marked text: spans helped by annotating syntactic
chunks

[NP The narL gene product ] [VP activates ]
[NP the nitrate reductase operon ] [PP in ]
[NP Escherichia coli ]




Bio-Event annotated corpus:
Incrementall annotation approach

y

Domain specific annotation Bio-Event

Linguistic
Annotation
Domain

independent
annotation

Syntactically “chunked” text

Morpho-syntactically tagged text

Tokenised text

Raw domain corpora

KNOWLEDGE




The BioLexicon: bio-event frames

annotation

Annotation; consisted off:

s [dentifying relevant genel regulation eVEnts, centiredl on
and

s Finding all Of anidentified event
Within=sentence annotation

= Assigning a o each argument

a ASsIgning L0 Semantic arguments
(Where appropriate)

A hierarchy: of NEs, specially: tUned ter genel reqguiation,
Was created

Organised Into five entity-Specific super-classes

Thompson P., Cotter P., McNaught J., Ananiadou S., Montemagni S., Trabucco A., Venturi G. 2008. Building a Bio-
Event Annotated Corpus for the Acquisition of Semantic Frames from Biomedical Corpora. In Proceedings of LREC
2008




Bio-Event annotated corpus:
Semantic reles

Aim for a set of verb-specific event frames

Use of frame-independent semantic roles

= annotation of all sublanguage semantic arguments,
using a set of domain-specific and domain-
independent roles

The proposed set of 12 event-independent semantic
roles includes:

= two domain-specific semantic roles, i.e. CONDITION and
MANNER;

= semantic roles particularly important for the precise
definition of complex biological relations, even though not

necessarily specific to the field, i.e. LOCATION and
TEMPORAL;

= semantic roles widely traceable across all domains




Bio-Event annotated corpus:
list; of semantic roles (1)

INSTRUMENT

LOCATION

SOURCE

DESTINATION




Bio-Event annotated corpus:
list; of semantic roles (2)

CONDITION

RATE

DESCRIPTIVE- | Descriptiy formate-dependent

DESCRIPTIVE-
THEME

PURPOSE




Named! Entity Superclasses

NE class

Definition

DNA

Entities chiefly composed of nucleic acids and their
structural or positional references. This includes
the physical structure of all DNA-based entities
and the functional roles associated with regions
thereof.

PROTEIN

Entities chiefly composed of amino acids and their
positional references. This includes the physical
structure and functional roles associated with each

type.

EXPERIMENTAL

Both physical and methodological entities, either
used, consumed or required for a reaction to take
place.

ORGANISMS

Entities representing individuals or collections of
living things and their component parts.

PROCESSES

A set of event classes used to label biological
processes described in text.




Event Annoetation example

Ras been identified that




The extraction process of
EVEent Frame

Input sentence:

Syntactic analysis:

[ I I

Extracted event frame:

(




The BiolLexicon: acquired bio-event
frames

vers | _Biosventrames |
Agent#Theme#Condition#
Agent#Theme#Location#
Agent#Theme#Manner#
Agent#Theme#Source#
Theme#
Theme#Condition#

Bio-event frames with NE types
activate Agent-DNA#Theme-DNA#

Agent-Organisms#Theme-Protein#

Agent-Protein#Theme-DNA#




The Biolexicon: Syntax-Semantics
Linking (1)

Iihe starting peint:
s dcduiredisubcategorization frames
s verbal bie-event frames based on corpus annetation
s acquired using different; techniques and corpora of different size

Linking concerned for which! both syntactic
and semanticiniermation Was available

Linking precess carried out manually: by a linguist

= Different information types were taken intoe account, I.e.

iterature regarding hierarchies off semantic rolesiand grammatical
functions

= given|al thematic role hierarchy’ (agent>theme ...) andia syntactic
unctions hierarchy (subject>object ...), the mapping usually’ proceeds
from left to right

al list of ‘protetypic” syntactic realisations off semantic arguments

exploitation of generall language repositories’ off semantic frames
containing both syntactic and semantic infermation (as possible
benchmarks)




The Biolexicon: Syntax-Semantics

Linking (2)

LLinking process resulted in
Diffierent types’ off mapping; Were; perfermed:

arity: of the subcategorization andl bio-event: frames Is the
same (ISO)

semantic frame containsi more slots than corresponding
subcategorization firame ( ) (AUG)

e.d. AGENT>ARGL+ THEME>ARGZ2#LOCATION>PP—in#CONDITION>0

subcategorized slots do net have a semantic counterpart in the
corresponding| bio-event frame ( ) (RED)

€.d. 0>ARG1 # THEME>ARG2 #DESTINATION>PP-1into

a combination of cases 1) and 2) above ( )
€.d. 0>ARGL # THEME>ARGZ # SOURCHES>PP- from#CONDITION>0



The BiolLexicon:
syntax-semantics linking

0

Theme Conditio
n

—
Theme Manner
T Theme Location
activate Theme Source
Condition 0]

Theme

Manner

Useful information for mixed syntax-semantics approaches

G. Venturi, S. Montemagni, S. Marchi, Y. Sasaki, P. Thompson, J. McNaught, S. Ananiadou, 2009, “Bootstrapping
a Verb Lexicon for Biomedical Information Extraction”, in Proceedings of the CICLing-2009 conference, Mexico.

P




From bricks off biolexical knowledge
to a computational BiolL
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The BiolLexicon:
representation model

Tihe BLL model is confiormant to ISO-LME (IS0 24613:2008)

o : the meta-model, i.e. a set of
Independent lexical objects with' relationsiameng them

o ; o set off Data Categories, I.e. linguistic
constantsin the form off attrbute-value pairs (either drawn
from: the ISO-12620 or defined for the, speciall demain)

XML DID:for the entire lexicon

The implementation; consistsi ofi a flexible, extensible
relational MySQIL database

Automatic population; procedures relying onia dedicated

INPUt data structure, the Biolexicon XML Interchange
Format (XIF)

An XML LME conformant export function isiavailable




The BiolLexicon:
representation model

The BiolLexicon Model: High-level objects, lexical objects




Synt

SubcategorizationFram

[ SynSe orresponde
i

ntacticBehavior

SyrncacticArgument

Semantics

- Partially
drawn by the
|ISO Data
Category
Registry

- Partially
integrated
with domain-
specific DCs




The BioLexicon: the starting

-

Sanlzlnele

LYpE

-

SEIanic

Zasolireas

Cell
Cell
Corrigorierie

Il ontology

Gerne Orntology
G0:0005575 cellular
COrnooriernt

NueleicAcicl
REWIO]
Operor)

—

Oritology :Pagior)

PegulonDs, ODB
(Operor)

Sequerice

rigrricell

rlEBl, TMP: 0000947
crarnical

O]11Y]

Orcjarlisir)

Transcrigtior)

ractor-Bindingite

Secjuerice

Orntology
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BloTraesaurus

Procalr)

Protein Corrlples

BloTrnaszurus

Corurn cetapase

VP - INOFl Protein
narne/farmily narre
oritology
©0:0004379 ligand-
depernicent nuclear
receptor activity

Proceln Dorrzalir)

Transcrigtior)

Hagulzitor

IriterPro

PegulonDs,
Transrac, Gere
Orntology
Anrotatiorn




The BiolLexicon by numbers

Entries by part of
speech

Entries and variants POS # entries
by semantic type Nouns 2231574

Sem. Type # # Variants Adjectives 3428
Entries Verbs

Gene/Prot 1640608 1408312 Adverbs 1:':;;_:::‘ general
Gene/Prot (synsets) 358335 936126

. 658 496
Organisms 482992 Lol inflected forms 15274
Enzymes 4016 4164

related entries (e.g. 2764
Protein Domains 16940 15412 absorb -> absorption/N,

; absorber/N, absorbing/],
Protein Compl. 2104 418 absorbable/], absorbent/J,

Verbs

Chemicals 19637 77475 absorbently/R)
Diseases 19457 11314 verb-SCF associations
Molecular Roles 8850 29831 verb-SLOT associations

Cell 842 512 bio-event frames

Trans. Factors 160 129 syntax-semantics
Operons 2672 368 mappings (concerned with

168 verbs)
Sequences 1431 741




The BioLexicon: intrinsic evaluation

General Englishilihesaurus
Biomedical Lexicon

O WordNet O Specialist Lexicon

il

Terminologies Derivational relations

WordNet
Specialist Lexicon

=

covered
not covered

BiolLexicon

adverbal

adjective _

adjetivial

nominalization




BioLexicon in BioCreAtlve II, GN

g

< HUMAN

s MOUSE

3 ELY

¢  YEAST
----F=09 isobar

Applied methods: = EEE O F=0.8B isobar

- Abner for gene identification PV F=0.7 isobar

- ?ta:iﬁtic_al feail:tures (BlioLe)t(itcon) ceee-- F=0.6 isobar
or filtering of non-relevant terms R

- Classification on BioCreAtlve Il data il oloi

- Only human concept ids

— Baseline results Recall

= Highly reproducible

— Available as Whatizit module

(BioLexHuman)

c
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The BioLexicon: extrinsic
evaluation

ValUationi(Stilifenagoeing)

TREC Genemics: Iirack BlLTagger
20107 NeMinel (NER)

UoM Gene Regulation BlLTagger
Corpus NeMine, (INER)
Enju with' the BL

NeMine ( )

Y. Sasaki, P. Thompson, J. McNaught, S. Ananiadou, 2009, “Three BIONLP tools powered by the
BioLexicon”, in Proceedings of EACL 2009.




BioLexicon distribution

The BiolLexicon (MySQL version) is distributed

through the European Language Resources

Association (ELRA)
. or

EUROPEAN

E

“RESOURCES

ASSOCIATION

Benefits
Servicing of bug reporting through ELRA
Organisational embedding into other lexical resources
Long-term availability
Support to European language infrastructures

Different licence types for

« Commercial use

* Research use by commercial organisations
« Research use by academic organisations

d
"
e

LA




Conclusions

A unique resource
amongst large-scale
computational lexicons
within the biomedical

domain in terms of

Populated with info from
available
coverage and biomedical

typology of contained
information

Including both
domain-specific
and general
language words

Rich linguistic information
ranging over different linguistic
descriptions levels

Designed to meet bio-Text
Mining requirements

\

resources and texts

/ B L s, Semi-automatically

populated from corpora:
Population toolkit available

Conformant to international
lexical representation
standards
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