Scientific Information Extraction

Making the World's Scientific Information (More)

Organized, Accessible, and Usable

Ted Briscoe

Natural Language and Information Processing Group
Computer Laboratory
University of Cambridge

Berkeley Version



Scientific Information Extraction

L Introduction

Exponential Growth of Papers
Medline Growth

New Entries (thousands)
Total Entries (millions)

8

7
O'I T T T T T T T T T T T T T T T T T T \6
S A A A A A A a2 A PRNMNNNN N
C OO O OO OOOOOOOOOoOO0 0000
OO DO OO OODODOOOOoOOoOOoO0O O
ODNOPOO=2RNXPOAON0OS=2RNRE0O

Publication date



Scientific Information Extraction

‘— Introduction

Google Scholar

~ Advanced Scholar Search

GO{JS[(’, scholar [wingless exaression (Search ) Schoiar Droferances

Scholar [ anicles excluding patents -t] | anytime -3] | include citations -3] Results 1 - 10 of about 23,800. (0.17 sec)

wingless expression mediates determination of peripheral nervous system ...

RG Phillips, JR Whittle - Development, 1993 - dev.biclogists.org

The appearance of spatial pattems of cell differentiation in the epithelia of imaginal discs in Drosophila
depends upen signalling mechanisms between adjacent cells (Haynie and Bryant, 1976; Wilcox

and Smith, 1977; Mohler, 1988; Phillips et al., 1990). In particular, the specification and ...

Cited by 152 - Related articles - BL Direct - All 3 versions

The consequences of ubiquitous expression of the wingless gene in the ...

J Moordermeer, P Johnston, F Rijsewijk, R Nusse, ... - ..., 1992 - dev.biologists.org

Five hours after fertilization, the Drosophila embryo exhibits the first morphelogical signs of repeated
units that will form the segments of the larva and adult fruit fly (reviewed by Lawrence, 1992).

A gene essential for correct formation of this pattern is wingless; in its absence, the pre- ...

Cited by 119 - Related articles - BL Direct - All 7 versions

... wingless expression and is not required for reception of the paracrine wingless ...
E.J Rulifson, SS Blair - Developrment, 1995 - dev.biologists.org

In the imaginal wing disc of Drosophila, sensory mother cells (SMCs), the precursors of the sensory
oraans._ differentiate in a hiohlv sterentvned nattern (Ghvsen and O'Kana. 1989 Huano et al
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‘— Introduction

FlyBase Proforma / Information Extraction

File Edit Perspective

quit || ﬁv” =] || new pmfurma‘ ‘ update proforma label || search [ replace| |tree perspective “ plaih perspective

3 #document J|iversion 27: 5 Aug 20053
P publication;
[ ::version 17. 18 May 2004 /| = G1a Gene symbol to use in datahase ta:
Crogre ‘|1 G1b. Gene symisol used in paper (if different) %
D “ersion 27: 5 Aug 200/ |
A allele “|i: Glc. Database gene symbol to replace Big
[ ::versian 32: 5 Aug 2|
G gene o1 Old. Gene category (f gene is new to FiyBase) [Cv]  71o
03 version 37: 5 Aug 200 | G2a Cene name to use in database e
1 G2hb. Gene name used in paper (f different) =
: G2r. Databasze gene name to replace AT

o1 C4a. Is the gene in FlvBase alreachy (with any name)?  NSC
Hy
“| 2 G4h. Other synonym(s) for gene symbal i =
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LAnnotation

The Paper Annotation Pipeline

Document
Parsing

“Rich” XML
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LAnnotation

Evalution Measures

H TruePositives
Precision: TruePositives+ FalsePositives
. TruePositives
Recall: TruePositives+ FalseNegatives
F-measure: Precisionx Recall x 2

Precision+ Recall

SV (Prec(r)x TP(r))
TruePositives+ FalseNegatives

Mean Av. Prec.:

N = no. of TPs and FPs, r = rank
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LAnnotation

PDF to (Sci)XML

Bold
Huge
Centred

DEvELoPEL
BoLoGY

Bold
But smaller
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LAnnotation

Citation Recognition

For each paper:
Find candidate names in references section: Ashburner
Find citation dates: 19|20xx(al|b)

Mark-up occurrences of name candidates leftwards from
dates: Ashburner et al. (1985), (see Ashburner, 1983)

97% F-meas.?
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LAnnotation

Sentence Detection / Tokenization

Resolve abbreviatory / sentential periods:
. et al. Adh vs. ... Adh. However

Separate punctuation / remove some hyphenation:
Adh ., insulin-like, phosphoryl-ation

Normalize Greek super/sub-scripts, footnote indices, etc:
Adh®, Adh.t

95% F-meas.
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LAnnotation

Named Entity Recognition

m FlyBase: 18k Genes, 75k Gene Names
m Overlap with general English: But, Can, Mad, spliced

m Spelling variation: Fas-llI, fas Il

Annotate gene names in abstracts automatically using FlyBase
Train a Conditional Random Field sequential classifier

Label tokens as (part of) gene names

85% F-meas. (abstracts) 83% F-meas. (full papers)
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LAnnotation

Sentence Parsing

Assign Part-of-Speech (PoS) Labels to tokens using Hidden
Markov Model: we name/VVO ...

Build graph of Grammatical Relations (GRs) between words
using probabilistic LR model: subject(name, we)

Models trained on general English — 20% unseen words

Correct PoS labels for gene names to proper noun

75% F-meas. overall, 80% Recall for top 10 analyses
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LAnnotation

Anaphora Resolution

Assign more semantic classes to biological entitites:
DNA, promoter, ... using the Sequence Ontology

Link coreferential definite descriptions / pronouns to
antecedents: |L-2 promoter... This protein / It...

Link associative definite descriptions to antecedents:
IL-2 is overexpressed... The promoter...

Weighted Rule-based classifier using GR-context and semantic
classes

58% F-meas. (69% with correct GRs)
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LBrcvwse A Paper

PaperBrowser — Gene Mentions

¥ JRex - FlyBase Viewer <@ palermo: -0%
Q @ O G A5, [filer/ imp 15728670.8bami19779tmisin2749817 ==
|
Materials and methods
Fly strains

9 i5 aweak hypomorphic allele and 48 i arull allele ( Whartonet al. , 1993 ) dpp % sras balanced over SM6 eve-lacZ, while dpp s

balanced over Cy023, PJdpp * ], achromosome that contains two copies of dgp ( Wharton et al. , 1993 ) . 4X dpp embryos are of the genotype : CyO23,
Flapp* }/€y023 , Pldpp* } and were derived from the dpp y,;;, Cy023, Pldpp " Jstock mgm is astrong hypomorphic sog allele ( Ferguson and
Anderson , 19926 ) balanced over FM7e , ffz-lacZ. zen Y38 io anull allele ( Rushlow et al. , 1987a) balanced over TM3 , fiz-lacZ or TM3 , hb-lacZ . 4X
dpp ; zen” embryos were derived from the stock Cy023 , Bidpp * Ji+ ; 2en 96 (T3 , hib-laeZ ( 1/16 of the embryos ) . The double heterozygous
embryos , dpp #2 )& ;20 ™ 1+, were identitied by intenction <Oplemo = O |14 0f
the embryos ) File Menu  Edit Menu

B

Ectopic expression of zen and zen-Del Show Images ‘ Mark as Gene | | Mark as NOT Gene ‘

The 2 cCDNA ( +10 to +1234 from the transeriptior{| Panenview |CERttiEsVi B via
Eeo RI and Xbel sites on the 5" and 3' ends , respectis o (5 paper autline ,
Roche Applied Science ) using oligos spanning the d o avstract
Transgenic flies viere generated by the standard trand 3| o (= jyroqiyction
crossed to stripe-2 eve- Gel drivers ( gift from S. S
antibodies . Guinea pig or rabbit anti-Zen antibodies ain
uniform early embryonic expression of the UAS- ze/ ? Ggwams n
protein is expressed maternally under the control of { | D ZDD teround
for the 2en mutant rescue experiments . i pp

 [let were
[} Materials and methods juti-Zen

Dame
In vitro mutagenesis and transgenic analysis [ don
i Dax
The Race 533 bp enhancer DN A was kindly provide: D oop PCR
mutagenssis . An internal deletion of 66 bp ( nucleot Dcyozs al
Z‘En—binding sites were mutated as follows : ATATT. e Jj
< — ) b

© [pone.
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LBrcvwse A Paper

PaperBrowser — Associated Entities

W JRex- FlyBase Viewer <@paleimo>

-0 X
Q @ @ Q A [t tmp/15728670.Bban11977 1080192 [~s
: E|

Ectopic expression of gfifand zen-Del

( +10 to +1234 from the transcription starting site ) ( Rushlow et al. , 1987a) was cloned into pUAST ( Brand and Perrimon , 1993) via
Eco Rl and Xbel sites on the 5' and 3" ends , respectively . The zen-Del cDNA was made by PCR mutagenesis { Expand High Fidelity PCR system ,
Roche Applied Science ) using oligos spanning the deletion region ( amino acids 152-198 ) and cloned into pUAST viathe Eco RI and Xba/ sites
‘Transgenic flies were generated by the standard transformation protocol ( Spradling and Rubin , 1982) . Flies carrying UAS- Billand UAS-zen-Del were
crossed to stripe-2 eve- Gl drivers ( gift from S, Small ) and the expression of ectopic 2en or 2en-Del proteins was confirmed by staining with anti-Zen
antibodies . Guinea pig or rabbit anti-Zen antibodies were generated ( Covance) s described by Rushlow et al . ( Rushlowet al. , 1987b) . To obtain
uniform early embryonic expression of [ENISHEand UAS- zen- transgenes , a maternal Gal4 driver was used in which the GAL4- VP16 fusion

protein is exEr&ised maternally under the control of the & ~fubulin 67C promoter . These were further crossed into “/ TM3 , hb-tacZ background

for Eperiments. Interaction <@palermo: -0%
In vitro mutagenesis and transgenic an| File Menu _Edit Menu
The Race 533 bp enhancer DNA was kiny [ Shevw bioes Mork 35 Gene ‘ [ Mirkas NOT Gene ‘ reated by PCR
mutagenesis . An internal deletion of 66 | Spgp [wo proximal
Zen-binding sites were mutated as follo to
TAGAAAAATAACTGCA . constructs odified Casper
transformation vector that contains the nf (zen pieZ Casper) (
Small et al, , 1992) . At least three trans| ( zen |
i Czen 7

In situ hybridization and antibody staj ) ST ’ f
Wild-type , mutant and transgenic embr: Czen Roche Molecular
Biochemicals ) , dehydrated and mounted (; the UAS- zen |nal antibodies
weere kindly provided by P. ten Dijke ( P dazenwi6 ody staining was
perfor med using the Vectastain ABC kit 2 the 2en mutant rescue tmicroscope .
SmadfZen-mediated sctivation of Race 1 :; o

L zen
4 i the zen pattern

© [pone.
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L Scalable Indexing, Image Clustering, and Paper Annotation

Image Processing

Low-dimensional feature vector to summarise content of each
image

Colour and Intensity global bitstring, concatenated with:
Wavelet decomposition for edge information

Project vectors to randomly generated hyperplanes

Use their signs as key for locality sensitive hashing
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L Scalable Indexing, Image Clustering, and Paper Annotation

Indexing for Search

Lucene — open source IR library, native XML handling, scalable
Fields: word stems & lemmas, GRs, and named entities
Ranked search overlaid with Boolean operators that alter rank

Search by word stems and named entity (classes) in search box

Refine search over sentences using lemmas and GR-patterns
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L Scalable Indexing, Image Clustering, and Paper Annotation

Distributed Paper Recovery and Annotation

m Each paper takes av. 10mins to run thru’ pipeline

m Use (UK part of) Grid (for LHC data processing) 200K CPUs
m 15K FlyBase papers, 8K hours CPU, 3 days, max 100 jobs

m Ganga: error handling and job resubmission

m Distrbuted Spider: retrieved over 350K PDFs for papers
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L Search Papers

PaperSearch: Example Query Session

Goal: Find out which genes are involved in eye development and
what they do.

Query: Find all sentences in figure captions within the document
collection which contain any gene name premodifying the term
expression, where the figure is a picture of an eye.

Method: Incrementally and interactively combine term search,
image clustering, and pattern search over GRs to realize this query.

Screenshots:
Highlighted search terms, Gene names, Gene products
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‘—Search Papers

Stepl: Captions containing eye

eno Flybase search
[« ] > ] [£.]@ nup:/ beta.camtology.com/scir & Q- Google D!
Help! e 1234 5. next

OSearch text @ Search captions e | Options
FBrf0155717 Benassayag, Plaza, Callaerts, Clements, Romeo, Gehring and Cribbs. (2003

Fig. 1. ey alleles Isolated as dominant ERRSREEFS o eye loss Induced by ectopic expression from the HSPB sy transgene
Dose-sensitive eye loss induced by HSPB sy

(A-C) Heads of fies carrying one , two or four HSPB sy copies , respectively

(B) Two copies ; slightly reduced eye ( arrowhead )

() Four coples ; complete eye deletion ( arrowhead )

The genetic screen selected for female progeny carrying two HSPB sy copies ( B) or an interacting Enhancer locus , which yields an eye
loss resembling four copies ( C )

(D) Strsngn gnd spacricey ofthe B - a genetic narction

Fournew Bllfes (ey 10, ey D103 oy 11, ey E1 ), two previousy islated ey lossoffunction G ey 2and O(6) 84 ), and
Cover! Blllas ofoner gance mpleated n Sye dfercntiotion , were teted fo cose-sonstive neeracions wi. HSP

Woles harboring anc HSPB o copy and hetaroayaous for mutant alkies of he ey development gencs sine aculls (35 ), 868 absent (87 ), eye gone | ay x
ey9) or ey were crossed with homozygous HSPB sy females eye (2972)

Maximal eye loss expected is 50 % in the resulting female progeny ( harboring two copies of HSPB sy ) because half should carry the eye gene mutation

Several allele names are shortened : eya c1 is eya clift1 (from L. Zipursky ), eyg M is eyg M3-12 (from H. Sum ) and ey D1 is ey D1Da  this paper ) .

(EF)

Al four newly isolated ey alleles should yield truncated forms of the EY protein

(€ Representations of i ype EY proteinand of tn proteins encoded by ey D, ey D1Da (Callarts et a., 2001 ), or predited based on the

Sequences of ey 11 and ey EH  this paper )

113, homesdomain ; PO, pared domaim

(F ) Sequences of wild-type ey and of the mutant lesions in ey 11 and ey EH

Modifications in the mutant sequences are underlined , exon or intron boundaries are indicated by arrows , and 2 new stop codon by -

View the location of search results on
the worid map. View large map.

B FBrf0103272  authors unknown
Fig. 1
The adult ey 2 phenotype and rescue by an eyeless minigene .
(A-C) Scanning lectron micrograph of heac of (A 8 wid-type fiy and (B,C) 2 fs wkh modarate and stong eve
phenotypes , respectively
Rnverior 0 the ot
The fly with the strong eyeless phenotype has a small head and completely lacks the compound eyes ( C)
Bristles normally surrounding the eye are also missing
The ocelli on the dorsal head are not affected in ey 2 fllés ( arrowheads )
hancer located in the firt intron of the ey gene dr activity staining of ai i
from  tnird metar v Garing an 8 enhancer 1cZ tranoent. galaceoatdase acavy s setecies m (e antre ov6 G (10 16 ight 3 by m the

LB
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‘—Search Papers

Step2: Select an image of an eye

eno Flybase search

[« ] > ] [£.]@ nup:/ beta.camtology.com/scir cllac D!
Camt Welcome, Andrew | profie | log out

conan e sea‘v(hjy Flybase search Science | DVDs | Wine

Help! eve 1234 5. next

Osearch text @ Search captions .
L2b Browse = Options

B FBrf0155717  Benassayag, Plaza, Callaerts, Clements, Romeo, Gehring and Cribbs.  (2003)
View the location of search results on

Tie  Evidence for a direct functional antagonism of the selector genes proboscipedia and eyeless in Drosophila head development. the worid map. View large map.
Authors  Benassayag, Plaza, Callaerts, Clements, Romeo, Gehring and Cribbs.
Abstract  Diversification of Drosophila segmental and cellular identities both require the combinatorial function of homeodomain-containing

transcription factors. Ectopic expression of the mouthparts selector proboscipedia (pb) directs a homeatic antenna-to-maxillary palp
transformation. It also Induces a dosage-sensitive eye loss that we used to screen for dominant Enhancer mutations. Four such Enhancer
mutations were alleles of the eyeless (ey) gene that encode truncated EY proteins. Apart from eye loss, these new eyeless alleles lead tc
defects in the adult olfactory appendages: the maxillary palps and antennae. In support of these observations, both ey and pb are expressed
in cell subsets of the prepupal maxilary primordium of the antennal imaginal disc, beginning early in pupal development. Transient co-
expression is detected early after this onset, but is apparently resolved to yield exclusive groups of cells expressing either PB or EY proteins. A
e e e O B e e
meodomain and EY Paired domain. The direct functional antagonism between PB and EY proteins suggests a novel crosstalk mechanism o X
Integrating known slector fnctions n Drosephia head marphopeness. b &
Journal  Development:130.3

Pubmed 12490563

figs

Fig. 1. ey Bléles isolated as dominant ERRBACEFS of eye loss induced by ectopic expression from the HSPB sy transgene
Dose-sensitive eye loss induced by HSPB sy

(A-C) Heads of flies carrying one , two or four HSPB sy copies , respectively

(8) Two copies ; slightly reduced eye ( arrowhead )

(C) Four copies ; complete eye deletion ( arrowhead )

The genetic screen selected for female progeny carrying two HSPB sy copies ( 8 ) or an interacting Enhancer locus , which yields an eye
loss resembling four copies ( C )

(D) Strength and specificity of the pb - ey genetic interaction

Four new allefes (ey JD , ey D1Da, ey 11, ey EH ) , two previously isolated ey loss-of-function @léfés [ ey 2 and Df(4) BA ], and

Gow i 2ng”

LB
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L Search Papers

Step4: Refine text search within caption for one image

@ safari File Edit View History Bookmarks Develop Window Help SMle D B 9 @& Monllsl Q

8006 Flybase search

[+ @ hutp:/ /veta.camiology.comysci/ ¢ Q- Google
Camt. Welcome, Andrew | profle | log out
Samresy Flybase search Science | bvs | Wine || [
Help! eyve ) prev 1 2 3 45 6..next

Browse = Options

O search text @ Search captions ﬁ

View the location of search results on
the worid map. View large map.

B FBrf0162225 Delon, Chanut-Delalande and Payre.  (2003)
Fig. 7. ovo/svb BXpression can promote formation of cytoplasmic extensions when directed in the eye .
Scanning electron micrographs of adult eyes at high magnification. ( 2 ) The wild-type eye is composed of a regular arrangement of
ommatidia and interommatidial sensory bristles
Expression of OvoA using the GMR-GAL4-driver results in a diminution of the size of the eye , with ommatidial fusion and absence of bristle
b

Expression of GWGB disrupts the regular ommatidial structure and triggers the formation of ectopic cuticular extensions at the eye surface ( ¢
Bristle formation is also affected .

Svb overexpression leads to similar results , with smaller ectopic extensions (d ). (e , f) Eyes were dissected at 96 % of pupal development
and stained for F-actin

The regular arrangement of actin-rich rhabdomeres from the seven photoreceptors observed in a wild-type ommatidium (e ) i disrupted in eyes expressing | gy x
0VGB from the GMR-Gal4 driver () FBr0155717._g_2.png
»> 0ubie) expression leads to a strong increase of F-actin in rhabdomeres , which appear amalgamated in an highly abnormal structure .
L:0.11 Img:2000] invtrue (443
B Fe an, Zou, Frei and Noll. (2001
ey x
Fig. e eye (297
Hea e with ey functions , which depends on DNA-binding activities different from that of Ey.

Left ey&¥of flies are shown in scanning electron micrographs
(A) UAS-Ey rescues the headiess phenotype in ey-Gald/UAS-Gsb-7 ; UAS-Ey / + fies almost completely to a small-eye phenotype .
(8)A different small-eye phenotype is produced in ey-Gald / + ; UAS- Ey / + flies

(C)ey-Gald / + ; UAS-GE-8 / + flies , which carry mutations in amino acids 42 ( Qmutated to 1), 44 (Rto Q) and 47 (HtoN ) in
the paired domain of UAS-Gsb changing its DNA-binding specificity to that of the Ey paired domain , exhibit little or no interference with
ey functions and display , in four out of six lines , a phenatype similar to wild type (D ) or , in two lines , a weak phenotype similar to ey~
Gald / + ; UAS-Ey / + fies (8)

B FBrf0144814  Kronhamn, Frei, Daube, Jiao, Shi, Noll and Rasmuson-Lestander.  (2002)
Fig. 7
Headless phenotype of ey D pharates and their partial rescue by inhibition of apoptosis
Scanning electron micrographs of the anterior portion ( A-D,1,) ) or left eyes ( E-H ) of pharate ( 8D ) or viable ( AE-)) adults of the genotype
indicated are compared
Note that , in contrast to the headless phenotype of toy h fies , the penetrance and expressivity of the headless phenotype of ey D pharates is
the same at 18°C and 25°C with about 50 % of the pharates exhibiting no ( B ) or only few ( C ) structures derived from the eye-antennal discs ,
while the phenotype of most pharates is much stronger than that shown in D. The variability of heterozygous ey D phenotypes ( E-1 ) presumably
el +ic hackaround as llust less ohenotyne ahtained after L lections for
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‘—Search Papers

Results of refined text search

8no Flybase search

[« ] > ] [£.]@ nup:/ beta.camtology.com/scir & Q- Google D!
Camt Welcome, Andrew | profie | log out
mameegy Flybase search Science | DVDs | Wine

Help! eve 12345 next

Osearch text @ Search captions

B FBrf0192127

@

The embryonic expression patterns of SIP1 were determined using the C-terminal regions of SIP1 ( probe F ) . a Embryonic day ( E
) 9.5 transverse sections showing low-level SIP1 i the neural tube ( n ) and notochord ( thin arrow ) . b £10.5 day sagittal section
showing strong expression of SZPZ in neural tissues , dorsal root ganglia ( small arrows ) , trigeminal ganglia ( arrowheads ) ,
myotomes ( open arrow ) . ¢ E11.5 day oblique sections showing SZPZ expression in other non-neural tissues and dorsal root
gengha (amall arow ) Saghtal secton of E12.5 dey embeyo showing expression of STPL In the ependymallayer of the neure
tube and the ventricular zones of the brain , both regions of dividing neurons , and dorsal root ganglia ( small arrow ) . e Transverse section of E12.5 day:
emoryo showing SIPE expression in umbiicel cord (U ) and bond vessels and weak pestive expression of STPA in developing endocardiom ( open arrow )
in the heart. f Frontal section of £14.5 day embryo through the brain , eyes , and nasal sinuses showing SIP1 expression in the cortex (C),
mesenchyme around the whisker folicles ( w )

B FBrf0152356 (2002)

&

Lenses appear fused and bristles are misplaced and reduced in numbers. c,f : eyeless SGALA driving UAS- disco C BXBRESSION
anterior to the morphogenetic furrow of the eye imaginal disc causes a severe reduction of compound eyes . )

FBrf0108521 (1999)

B @

While ELAV expression in R2/RS and RS was unaffected in sevE= GAL4/UAS-spry eye discs , we observe loss of ELAV
expression from one or two cells of the R3/R4/R1/R6 cell group in a majority of clusters ( indicated by white arrowheads ) .

B FBrf0183217

The effect of dominant-negative Myosin VI expression

228 Browse | Options

View the location of search results on
the worid map. View large map.

<ey> 0:[*any*+bio(gene)] X

*any* +bio(gene)])
(nem <pression,
0:f*any*+bio(gene)]) (+1)

ey x
FBrf0155717_fig_2.png

£:0.1] Img:200.0) inv:true (443)

ey x
eye (2072)

LB
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L Evaluation

Gene Expression

Query 1: express AND Adh
Query 2: express — 1 Adh
Query 3: Query 1 + OR overexpress... CG32954...
Query 4: Query 2 4+ OR overexpress... CG32954...

m express Adh
m expression of Adh

m Adh is one of the most highly expressed genes

Query 1 2 3 4
MAP 0.735 0.758 0.855 0.933
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L Evaluation

GRs and Gene Naming

CG150013 [CG150013_NP1]

nemed_

det

the [the_AT]

o

100

dyl [dyl_NN1]

ta_bal

dusky-like [dusky-like_|1]
nestibj

gene [gene NN1]

xCoMp__
dokyj

name [narme_\A/0]

ncsuybj

we [We_PPIS2]

S2P0: We name the gene CG150013 dusky-like ( dyl) .
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L Evaluation

GRs, anaphora

]

ala ATI]

and naming

Gfi-1 [Gfi-1 )]

nermed_

The [The_AT
homelog [hemolag W11 EliTeFaT)

et
Drosophila [Drogophila_NP1]
xeomp_
det
is [be_vBZ] nemad_
ncsub)
e gene [gene_NN1]

2 bal which [which_DDQ]

also [also_RR] ncmed__

abf
named [name_\WD]
CG31632 [CG31632_&FO] ok
necsubj
senseless-2 [senseless-2_Nh1]

we [we_PPIS2]

S3P0: The Drosophila gene CG316832 , which we named senseless-2 , is also a Gfi-1 homolog .



Scientific Information Extraction

L Evaluation

Problems!

Complexity

The [The_AT] Drosophila [Drosophila_NP1]

det, nemet_
gene [gene_NN1]
oo
CG17952 [CG17952 NP1] ncaubj
encodes [encode_WWZ] we [we_PPIS2]
dob) ; - ‘
sirnilarities [gimilarity_NN2] nestbj

100

protein [protein_NN1] propose [propose ‘0]

ta [te_TO]

LER [LBR_NP1]

ncmed__

(rea that [that_CST] vertebrate [vertebrate_NMN1]

dob]
cm%c&stngf s0 [sni%cs [P
ala_ATl] J— =eomp_to
exhibits [exhibit WWZ]
BlE_ZZ1]
o name [name_A/0]
b

op o] e protein [protein WA1]

hemet_

il i 1) receptor [receptor_MN1]

det tabal
f thig [this_DD1]

dab) ! ncmod&modidLER[dLER_WG]

Drosophila [Drosoplamin [larnin_NK1]

54P0: The Drosophila gene CG17852 encodes a protein that exhibits similarities with vertebrate LBR so we propose to name this protein

Drosophila lamin B receptor ( dLBR ) .
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L Evaluation

Gene Naming Queries

Query 1: bioG:CG* AND name

Query 2: bioG:CG* AND (name OR call OR refer OR ...)

Query 3: Query 2 4+ (CGid ‘refer to as’ GENE) OR (‘name’ CGid
GENE) OR (CGid ‘(" GENE ')") ...)

Query 4: Query 2 + CGid —™ GENE

Query 5: Queries 2, 3 + 4

Query 1 2 3 4 5
MAP 0.116 0.461 0.552 0.512 0.562
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L Evaluation

User Interface and Usability

Term/class queries over sentences useful

Image handling useful, clustering unintuitive
Intuitive construction of GR-patterns

But complex patterns cannot be easily constructed

Ranking of complex (refined) query results often unintuitive

3/3 Curators are enthusiastic, but often frustrated...
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Conclusions and Further Work

From PDF to SciXML using NLP
Integration of image and text search

Generic: domain-independent or weakly-supervised

m Make it all work better!
m IR to IE: Saving searches and search results

m Inference: e.g. transitivity (genes — proteins — diseases)
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