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A fundamental goal, Understanding the way living organism work Computer Science challenge Designing formal models from data with predictive and explanatory power Major developments in molecular research technologies and bioinformatics Experimental data deluge in genetics, proteomics, metabolomics (omics), physiology, environment Public results (articles, reports, databases) in all related domains Complex knowledge spread in millions of documents (often scarce) to be combined with other data Technological semantic solutions required for information extraction and formalization SUCC FUM Glutamate synthesis Arginine catabolism

Rich gene regulation model

Fine--grained information needed that is expressed in the texts (GRN task, BioNLP--ST'13) . -Ontology language for knowledge inference (deduction, validation) Languages that should all be compatible. Not that easy to convert the text knowledge all along the process Relational Database N--ary representation. The types and the roles of the arguments cannot be both represented.

Basic

In both representation, the value of the table cells are not be surface forms but IDs. additional tables needed for distinction among the instances of the same class 

••

  Discrete elements, number, database, text. Information. Data that have been filtered, contextualized, interpreted et locally related to domain knowledge for reuse. Knowledge. Information, organized, synthetized, related into a unified system of formal definitions and fundamental principles, for shared understanding and action. Information extraction as a modeling activity Extraction of information = interpretation guided by the domain knowledge + representation in formal language Information Bacteria: Bifidobacterium longum hosted by: newborn infant [baby] lives_in: gut [intestine] Population of the ontology with new information on known relations • Enrichment of the ontology with the text knowledge (concepts, relations) • Inference of new knowledge from the ontology and the text information • Discovery of new knowledge hypothesized from ontology and text information Illustration with microbial biodiversity study Huge amount of information on biodiversity • Data: public resources (biological sample banks, sequence databases) • Documents: reports, scientific papers (1,16 million PubMed references on micro--organism habitats) More and more genomics information with high throughput genetics Millions of bacteria biotope descriptions available ⇒ Comparative studies of genetic sequences wrt biotopes Bacteria are specific to environments. Acid, hot, rich in oxygen, ... What are the gene roles in bacteria adaptation? Highly useful information for health, food, ecology Vibrio parahaemolyticus strains were isolated from the water of an abalone farm in Guangdong Province. OntoBiotope project OntoBiotope, an habitat ontology relevant to microorganism studies Information extraction technologies Mapping rich biotope descriptions to the ontology BioNLP Shared Task '13, 77% F--measure /2013! C.!Nédellec!et!al.!/!!OntoBiotope!! bibliome.jouy.inra.fr/demo/ontobiotope/alvisir2/webapi/search http://bibliome.jouy.inra.fr/demo/alvisdb/obt/browse2 knowledge in the OntoBiotope database Q? Which bacteria are mesophile? (medium temperature growth) if a bacteria X lives in the habitat Y, the temperature of which is 37°C then the growth temperature of X is 37°C and X is mesophile ∀ X, Y, bacteria (X), lives in (X,Y) habitat(Y), has_temperature(Y,T) → growth_temperature(X,T) ∀ X, Y, bacteria (X), growth_temperature(X,37) → phenotype(X,mesophile) bacteria in 5 822 gastrointestinal tract parts (47 OntoBiotope concepts), • Assumed to be mesophile GOLD database, JGI reference database for genomics experimental projects • 705 bacteria with growth temperature = 37°C (99% mesophile). • 88% bacteria (2 290) from OntoBiotope, not known in GOLD Information on properties of bacteria habitat in articles • Inference on habitat properties derives useful information on bacteria phenotypes • Potentially a powerful way to complete experimental genomics databases • Manual curation and formal validation needed Population of the database by abduction If two bacteria, X and Z lives in the same habitat Z and X has phenotype P then bacteria Z has the same phenotype P ∀ x, y, bacteria(x), bacteria(z), habitat(y), lives_in(x,y), lives_in(z,y), phenotype(x,p) →phenotype (z,p) Q? What bacteria survives in highly acid environment? Text Acidobacteriaceae bacterium lives in acidic sphagnum peat Ontology sphagnum peat is highly acid Inference Acidobacteriaceae bacterium is acidophile Text Acidobacteriaceae bacterium and Proteus mirabilis both lives in termite gut Abduction (hypothesis) termite gut is acid and Proteus mirabilis is acidophile Reinforcement of the hypothesis by the number of shared habitats extracted from the text Rule Gene Regulation Network Key knowledge in biology, described in thousands of scientific papers. Extraction of regulatory networks, one of the first IE goals in Biology (LLL, BioCreative, BioNLP--ST)

•

  We show that GerE binds to two sites that spanThe -35 region of the cotD promoter Main source of errors: network edge types.• Shape of the network found with 75% F--measure by relaxing the types (Shape) and the modalities (Effect)Extract more and more complex and useful knowledge from text High potentialContribution of IE to Systems BiologyComplementary of experimental dataBy closer integration of ontologies and text knowledge Knowledge inference with expressive knowledge representation languages different needs -Annotation language for manual annotation of the reference corpus -Annotation language of the corpus for automatic information extraction -Query language for information management (RDF store, relational database)

•

  marker--assisted selection in bread wheatSeed companies use genetic markers to select novel varieties with a phenotype of interest (e.g. resistance to disease, high water use efficiency) Long and costly selection process: field experiments, genotyping and phenotyping Published results on previous experiments is largely Entities: id, type, surface form (discontinuity allowed) and text position• Events: Type, id, arguments are entities or events with their roles • Reference to linked events and entities through ids BioNLP ST event representation is similar to AlvisAE editor relation representation E1 Gene expresses phenotype in variety: Agent:

•

  Focus: construct a model of seed storage reserve and maturation • Major issue for crop improvement and plant biology research Information Extraction expected outcome, towards systems biology (IMSV) • Multi--scale: genetic, physiological, phenotype and environment levels • Rich regulation model needed IMSV GRNA seed development model Many entity types (hierarchies of types) GRNA seed development model Many N--ary relation types (116), combination of + Modalities : speculation, negation + Hierarchies of relations: presence, increase, decrease, involvement, activation, inhibition, requirement level relations • Fusion of relations (i.e. conditions on genotypes, development phases and tissues) • Modalities and relation restrictions assigned apart Rewriting into BioNLP--ST relations, not straight forward • According to entity types • Modalities represented as regular arguments Conclusion IE contribution to Life Science research can goes far beyond ontology population and database filling Systems biology research builds explanatory and predictive knowledge models from data An opportunity to IE to contribute to knowledge modeling and discovery This requires the design of consistent representations for all processing steps, from text to knowledge model, raising many theoretical and practical issues @univ-tln.fr | http://www.warnier.net | http://linkedin.warnier.net ch interests: connexionist models; curriculum learning; handwriting recognition cademic or industrial partnership for co-financing my research. earch; teaching; project management; NLP; machine learning; optimization; data mining; earch, relevant experience plete list: http://linkedin.warnier.net) complete list: http://linkedin.warnier.net) ✓ PhD Candidate >> 2010 -2013 (expected)
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Gene expresses phenotype in variety

A relation with 3 arguments: the gene that controls the phenotype in given varieties.