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Abstract

We describeour use of an existing re-

source, the Mouse Anatomical Nomen-
clature, to improve a symbolic interface
to anatomically-indeed geneexpression
data. The goalis to reduceusereffort in

specifyinganatomicalstructuresof inter

estandincreaseprecisionandrecall.

1 Intr oduction

Language Technology (LT) resourcesare time-

consumingand expensve to develop, and appli-

cationsrarely have the luxury of calling uponre-

sourcesspeciallydesignedor thetaskat hand. For

LT applicationsin developmentalbiology suchas
robust interfacesto anatomically-indeed geneex-

pressiordataandtext mining toolsto assisin build-

ing suchdatabasestesourcesalreadyexist in the
form of anatomicahomenclatugsfor severalmodel
organismsincluding mouse, zebra sh, drosophila
and human. (Othersmay follow.) Thesenomen-
clatureshave beendevelopedby biologistsfor biol-

ogists,to recordin a clear intuitive and structured
way the structureghatcanbe distinguishedat each
stageof an embryos development. The challenge
for LT applicationsin developmentalbiology is to

stretchthemto sene otherpurposesswell.

In this paperwe describehow we have takenone
of theseanatomicahomenclaturegmouse)andex-
tractedfrom it a new resourcdo facilitate free text
accesso anatomically-indeeddata. Thetechniques
we have usedare applicableto anatomicalnomen-
claturesfor othermodelorganismsaswell.

The paperis organisedasfollows: In Section2,
we describeéheMouseAtlas, whichis theparticular
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context for the interface we are developing. Sec-
tion 3 describeswhat we are doing to reducethe
amountof effort a userhasto expendin specifying
anatomicalstructuresof interestto them. In Sec-
tion 4, we describehow whatwe did to reduceuser
effort alsosenesto provide a clearerdisplayof the
resultsof searching.Thenin Sections5 and6, we
describevhatwe aredoingto increasehe precision
andrecall of userqueries.

2 The MouseAtlas

The MouseAtlas developedby researcherst the
Medical ResearciCouncil's Human GeneticsUnit
(MRC HGU) in Edinkurgh, is a 3D atlasof mouse
embryo development(http://geng&.hgu.mrc.ac k).
Anatomicalstructureswithin eachof the 26 Theiler
Stagef embryodevelopmentarelabelled,and3D
reconstruction®f eachstagecan be displayedin
trans\erse frontal, sagittalor arbitraryplanes.
TheMouseAtlasis now beingusedto supportin-
dexing of geneexpressiordata,allowing theresults
of geneexpressionexperimentsto be indexed with
respectto wheregenesare expressedn the devel-
opingembryo. Thereareat leasttwo waysof using
anatomyto index geneexpressiondata. In spatial
indexing, datais associatedlirectly with volumeel-
ementsyoxelsof theanatomicamodel.In symbolic
indexing, geneexpressiondatais associatedvith a
labelspecifyinga pre-de nedregion of theembryo.
A databaseof spatially indexed gene expres-
sion data (the EMAGE database)s being devel-
oped at the MRC HGU. A databaseof symboli-
cally indexed geneexpressiondata (the Gene Ex-
pression Databaseor GXD) is being developed
by the JacksonLaboratoryin Bar Harbor Maine



(http://wwwinformatics.jax.ay). Indexing in the
GXD usesthe MouseAnatomicalNomenclatug, a
set of 26 treesof anatomicalterms (one tree per
TheilerStage)structuregrimarily by part-wholere-
lations(andsomeset-memberelations).

The root node of eachTheiler Stagetree corre-
spondso theentireembryoatthatstagewhile other
nodes correspondto organ systems,subsystems,
spatially-localisedpartsof subsystemspr anatom-
ical structures. Eachnodewithin a tree hasa la-
bel (its componenterm), but componentermsare
not meantto serveas uniquedesignatas. the only
thing guaranteedo denotean anatomicalstructure
uniguelyis the sequencedf componentermsthat
comprisesa path from the root node. Thus paths
(andonly paths)cansene askeys for symbolicin-
dexing of data. For examplethe componenterm
CRANIAL labelsboth a child of GANGLION (i.e.,
ganglialocatedin the head)and a child of NERVE
(i.e., neneslocatedin the head). The pathto this
latter child

EMBRYO.ORGANSY STEM.NERVOUSSY STEM.
CENTRALNERVOUSSYSTEM.NERVE.
CRANIAL.TRIGEMINALV

uniguely denotesthe trigeminal, or fth cranial,
nene! within the Theiler Stagedenotedby its root
andis usedasakey for relevantdata.

For accessinggeneexpressiondata,both spatial
and symbolic meansare againboth possible. An
elegant spatialinterface is being completedat the
MRC HGU, that pairs an active window contain-
ing a view of the embryostageof interest,with a
window containingthe correspondingiomenclature
tre€. Clicking ata pointin the embryoview high-
lights the most speci ¢ correspondinghode of the
nomenclaturebeing displayed(i.e., sub-treesof a
nodecanbe eitherhiddenor exploded). Similarly,
clicking onatermin thenomenclaturéighlightsthe
correspondingtructurewithin theembryoalongthe
planecurrentlybeingdisplayed A screen-shdrom
theinterfaceis shavn in Figure2. Ontheleft of the
gure isanoutlinefrontaldraving of theembryo,on
which a sagittalsectionplaneis markedin red. The
centrepanelshavs adigital, sagittalsectionthrough

1Full stopis usedto separateomponenhamesalongapath.
2http://gena.hgu.mrc.ac.uk/Resources/GXDQueryl

the volumetric embryo model with the delineated
left dorsal aorta colouredblue. The correspond-
ing componentterm is highlighted on the Mouse
AnatomicalNomenclatureon the right. Userscan
accesdhe geneexpressiondataon the highlighted
structureby anothemouseclick.

The currentprojectaims at improving symbolic
access$o geneexpressiordataby providing arobust
free-text interface. In the currentGXD interface,
userscantree-walk throughthe MouseAnatomical
Nomenclatug for agivenstageto nd theanatomi-
cal structurewhoseassociate@dieneexpressiordata
is of interestto them,or they canenteratermwhich
is matchedhgainssinglecomponenhamesyvith all
possiblesubstringmatcheseturnedfor the userto
chooseamong.

Problemsexist with both forms of access.lt is
well known thatnavigatingthroughatreeis tedious.
A more subtleproblemarisesfrom anatomybeing
forcedinto atree-structur¢hatit doesnt have. This
leadsto structuresbeing divided and the resulting
sub-structuresealisedn differentpartsof thetree—
for example theendocardiatubeis dividedinto one
partthatis a daughtelof COMMON ATRIAL CHAM-
BER (i.e., its location),and anotherpartwhich is a
daughteiof OUTFLOW TRACT. Soappearingo nd
a structureof interestby a tree-valk, in additionto
being tedious,doesnt by itself guaranteghe user
thats/hehasfoundit all.

In contrast,accessy sub-stringmatchingon in-
dividual componentermshasproblemsof bothre-
call andprecision A usermay entera string that
matchesothing(0% recall): (1) it maybeneithera
componentermnor asubstringwithin acomponent
term — e.g., while HEART is a commonsynorym
for the modi er “cardiac” (and a componenterm
in its own right) andCARDIAC MUSCLE isS acompo-
nentterm,thestring“heartmuscle”yieldsnomatch;
or (2) it may spanmultiple componentermsin the
nomenclature- e.g.,while GLAND is a component
term,andPITUITARY is the componentermof one
of its children(i.e., a memberof the setof glands),
the string “pituitary gland” yields no match. Or the
oppositemay happen:100%recall with low preci-
sion. For example,a searchon “hindbrain” yields
22 matcheswhile “mesenchymeVyieldsasmary as

Shttp://www.informatics.jax.og/menus/epressionmenu



Figurel: Screershotof MouseAtlas interface,displayinga Theiler Stagel4 embryo.

1056matches.

The currentprojectaimsto provide arobustfree
text interfacethat will avoid theseand other prob-
lems, (1) reducingthe effort that a user needsto
expend in nding anatomicalstructuresof inter
est;(2) betterorganisingsearctresults;(3) improv-
ing recall by reducingthe numberof timesthatno
matchis found; and (4) improving precisionover
that which is possibleusing substringmatchingon
individual componennames. To do this, we have
beenextractingfrom theMouseAnatomicalNomen-
clature anotherresourcecomprisinga setof Natu-
ral LanguaggNL) phraseghatuniquelydenotethe
partsof the embryo. To expandthis set, we have
semi-automaticallyculled other anatomicalspeci-

ers from a textbook on developmentalanatomy
madeavailableto usin electronicform. Theinter

estingchallengeshis hasposedaredescribedn the
remaindeiof the paper

3 ReducingUserEffort

As alreadynoted, componentermsin the Mouse
Anatomical Nomenclature(as in those for other

model organisms)are not unique designatorsfor
anatomicalstructures:the only uniquedesignators
are path speci cations Thustechnically the only
way a usercanuniquelyselectan anatomicabtruc-
ture of interestis to entertheentirepathname(or to
nd it throughnavigatinganembryostagetreedown
from its root).

However, there are developmentallyvalid no-
tions of uniquenesswith respectto which some
of the 1416 componentterms associatedvith the
13737 nodesin the 26 Theiler Stagetreesof the
MouseAnatomicalNomenclatug canbetakento be
unique?

The rst suchnotion of uniqguenessan be as-
sociatedwith an anatomicaktructurethat develops
by some Theiler Stage j and then persistsunder
the samenamethrough subsequenstages. In the
MouseAnatomicalNomenclatug, this situationcor
responds,rst off, to pathspeci cationsthat differ
only in theirrootnote(which designategtheembryo

4Thesizeof TheilerStagereesrangesrom 3 nodesn stage
2 (early development)to 1739 nodesin stage26 (pre-birth),
with theaveragesizebeing528nodes.



at the correspondingdrheiler Stage). If the compo-
nenttermattheleaf doesnot occurelsavherein the
nomenclatureoutsidethis path speci cation, then
this componenhamecanbeclassi edasunique.

This notion of uniquenesswas found to hold
of 1017 of the 1416 componentterms, including
CARDIOGENIC PLATE, CRANIUM, etc. This meant
thatapproximatelyl 1200nodeswerecovered,with
somavhat over 2500 still remaining. Thesel017
componentermscouldpotentiallybeusedto access
geneexpressiordataassociateavith someor all of
the Theiler Stageghroughwhich the uniquelydes-
ignatedstructuresxists,exceptfor aproblemthatwe
will mentionshortly

The secondnotion of uniquenesss an extension
of the rst. Before anatomicalstructuresare fully
formed,they tendto bereferredto by nameghatde-
notethe sameanatomicalstructurebut also corvey
thatit is not fully formed— for example, the Fu-
TURE FOREBRAIN. Suchcomponentermscanbe
linkedwith thecomponentermof thestructurethey
develop into, treatingthe two togetherasa unique
designatoracrossthe extendedsequencef Theiler
StagesA userseekinggeneexpressiordatafor the
FOREBRAIN without specifyinga particularTheiler
Stage,could then selectfrom stagesl5-16, which
containthe FUTURE FOREBRAIN, aswell asfrom
stagesl 7-26,which containthe FOREBRAIN.

In somecases,nding suchtermsis easy- specif-
ically, when pathsin adjacentstageddiffer only in
their root nodeandtheir potentially co-designating
leafterms.In othercasestheprocesss complicated
by the fact that their containinganatomicalstruc-
turesarethemselesdevelopingandchanging.This
createsadditional differencesin pathsthat should
be takento co-designatén this lineagesense.The
differencemay simply be in the particularcompo-
nenttermassociatedvith anon-terminahode-e.g.
FUTURE FOREBRAIN is a child of FUTURE BRAIN
in stagesl5-16,while FOREBRAIN descendgrom
BRAIN in stagesl7-26. Thesecasescan be iden-
tied by verifying that the intermediatestructures
arethemselesin alineagerelation. But the paths
may alsodiffer in length the earlierstagepathbe-
ing longerthanits correspondingpathin the next
stage.Thisis becausehe earlierstagespeci esthe
tissuefrom whichthe structures developingfrom —
for example,the b ula developsfrom the lower leg

mesenchymeSothepath

EMBRYO.LIMB.HINDLIMB.LEG.LOWERLEG.
MESENCHYME.FIBULA

is auniquedesignatoin Stage23pecoming

EMBRYO.LIMB.HINDLIMB.LEG.LOWERLEG.
FIBULA

in Stages24 to 26. To recognisesuch cases,we
needto analysevhatnodescontribute to differences
in pathlength and decidewhethertwo component
termsco-specifyon thatbasis.

Again, whenthesepatternsare encounteredthe
componeninames providing they are not involved
in ary otherinitial tree paths,can be classi ed as
beingunique furtherreducingthe numberof names
to bedisambiguatedSofar 44 of theselineagepat-
ternshave beenidenti ed, further eliminating ap-
proximately118from the setof ambiguousompo-
nentterms.

The third notion of uniqguenesshat canbe used
for identifying componentiermsthat can sene as
uniquedesignatorganbe calledgroup uniqueness
For example,althoughthe componenterm TOOTH
appear differentpathspeci cationswhosecorre-
spondinginternalnodesarenot pairwiseequvalent
-e.g.

EMBRYO.ORGAN SYSTEM.VISCERAL
ORGAN.ALIMENTARY SYSTEM.ORAL
REGION.LOWER JAW.TOOTH

EMBRYO.ORGAN SYSTEM.VISCERAL
ORGAN.ALIMENTARY SYSTEM.ORAL
REGION.UPPER JAW.TOOTH

whereLOWER JAW doesnot co-specifywith UPPER
JAaw, thepairwisedifferentnodesnaycorrespondo
structuresvhoseanatomical/deslopmentalproper
ties can,in the contet of geneexpression pe con-
sideredthe same. This notion of groupuniqueness
wasfoundto hold of nine componenterms,cover
ing approximately260of theremainingnodes.
Beforemoving from individual componenterms
thatturn out to be uniquedesignatorgor anatomi-
cal structuresto shortsequencesf suchterms,we
needto point out a separatgroblemin actuallyus-
ing themin a userinterface. The problemfollows



from a designdecisionmadein the developmentof

theseanatomicalnomenclatureshat supportstheir
intendeduse by biologists as clear and succinct
structuraldescriptionsof an embryo. Speci cally,

while an individual componentterm may turn out
to be a uniquespeci er with respecto the Nomen-
clature,outsidethe contet of its tree path, it may
not signify to a biologistwhatit is intendedto. For
example, while the term LooP hasbeenfound to

uniquelydenotethe sameanatomicabktructureas

EMBRYO.ORGAN SYSTEM.VISCERAL ORGAN.
ALIMENTARY SYSTEM.GUT.MIDGUT.LOOP

a biologist would never simply use“loop” to refer
to the the loop of the midgut. Similarly, while the
termDISTAL uniquelydesignateshe sameanatom-
ical structureas

EMBRYO.LIMB.FORELIMB.JOINT.
RADIO-ULNARJOINT.DISTAL

“distal” on its own is not how ary biologist would
referto thejoint of theradiusandulnabonesthatis
furthestfrom the shoulder

For the interfacewe are developing, we needto
replacethesealbeit unique componentermswith
phraseghat are more naturalto usein specifying
thesestructures.

Turning nowv to componentterms that are not
uniguein ary of the sensegliscussedofar, it still
doesnot appearo be the casethat a userneeden-
ter anentire pathspeci cationto referto its associ-
atedanatomicaktructure.ln mary casesasub-path
speci cationof two, or in somecasesthreecompo-
nenttermsappearsufcient to specifytheanatom-
ical structureof interest.

To nd whereshortersub-pathswvould sene as
a sourceof uniquedesignatorsyve enumerateall
sub-pathgrom nodeswith a non-uniqueassociated
componentterm (either leaf or internal node) to
the root of their correspondinglheiler Stagetree
(i.e., pathsbeing speci ed in child-parentorder).
This revealedmary caseswherea uniquetwo- or
three-componenpath speci cation would disam-
biguatean otherwiseambiguougerm, andallowed
usto cover anotherl56 componentermsvia the 2-
componentermsand50via the3-componenterms.

Thishasleft only 58 of theoriginal 1416component
terms(and1159correspondinggodesn theNomen-
clatureout of the original 13737)for us to inves-
tigate other methodsof nding uniquedesignators
for.

The questionis what Natural Languagephrases
thesemulti-componentermscorrespondo, sinceit
is suchphraseghat would be usedin aninterface,
not sequence®f componentterms. Slight varia-
tions in what the parent-childrelationscorrespond
to meantherearethreedifferentphrasalpatterngor
two-componentsub-paths:(1) In caseswherethe
child and parentnodesarein a part-wholerelation
and both are realisedas nouns— e.g., a child with
componenterm CAPSULE descendingrom a par
entLENS, or aparentCORTEX Or a parentovARY

EMBRYO.ORGANSY STEM.SENSORYORGAN
.EYE.LENS.CAPSULE

EMBRYO.ORGANSYSTEM.VISCERAL ORGAN.
RENAL/URINARYSY STEM.METANEPHROS.
EXCRETORY COMPONENT.CORTEX.
CAPSULE
EMBRYO.ORGAN SYSTEM.VISCERAL ORGAN.
REPRODUCTIVE SYSTEM.FEMALE.
OVARY.CAPSULE

the multi-componentterm can be realised as a
phraseCHILD OF PARENT, generatingthe three
uniguelyspecifyingphrases$capsuleof lens”, “cap-
sule of cortex” and “capsuleof ovary”. Alterna-
tively, a naturalphraseof the form PARENT CHILD,
(i.e. “lens capsule”,“cortex capsule”and “ovary
capsule”can also be constructedas a naturalway
of describingthe anatomicalstructurethatthe path
denotes.

(2) In casesvherethe child andparentnodesare
in apart-wholerelation,but thecomponentermas-
sociatedwith thechild is anadjectve suchasLEFT,
UPPER OF ANTERIOR, thenthe patternCHILD PAR-
ENT canbeusedto form anappropriatgphrase. For
example the pathspeci cation

EMBRYO.ORGANSY STEM.CARDIOVASCULAR
SYSTEM.VENOUSSY STEM.VENACAVA.
INFERIOR

canbeaccessedly the phrase‘inferior venacava”.
(3) In casesvherethe child andparentnodesare
in aset-instanceelation,asin the caseof



EMBRYO.ORGAN SYSTEM.VISCERAL ORGAN.
ALIMENTARY SYSTEM.ORAL REGION.
GLAND.PITUITARY

againthe patterncHILD PARENT can be usedto
form anappropriatgphrase- for example“pituitary
gland”in this case.Phraseshusformedfrom multi-
componensub-pathsnay againbe uniquewith re-
specto anintenal of TheilerStagespr with respect
to lineagewithin the Theiler Stagespr with respect
to agroup.

4 Impr oving the Display of Search Results

Currently within the interfaceto the GeneExpres-
sion Databaseone can searchfor an anatomical
structureof interestwithin asingletreeor acrossall
stagesA queryacrossll TheilerStagegTS)results
in alist of all stagesvith amatchingcomponentand
associatewvith eachstages apathspeci cationter-
minatingat a matchingcomponenname.This does
noteasilyenabletheuserto locatethespeci c entity
they areinterestedn. If thetermis notunique,then
theresultscontainall possibleanatomicaktructures
thequerycouldrepresentFor example,asub-string
matchon the phraseélumen” resultsin

4 TS12term(s)matchingquery“lumen”:

futurespinalcord;neuratube;neuralumen
foregutdiverticulum;lumen
hindgutdiverticulum;lumen
midgut;lumen

5 TS13term(s)matchingquery“lumen”:
futurespinalcord;neuratube;neuralumen
foregutdiverticulum;lumen
hindgutdiverticulum;lumen
midgut;lumen
foregut-midgutjunction;lumen

7 TS14term(s)matchingquery“lumen”:

future spinalcord;neuratube;neuralumen(future
spinalcanal,spinalcanal)
hindgutdiverticulum;lumen

midgut;lumen

foregut-midgutjunction;lumen

restof foregut;lumen
foregut;pharyngealegion;lumen

otic pit;lumen

10 TS15term(s)matchingquery“lumen”:

optic recesglumenof optic stalk)

future spinalcord;neuratube;neuralumen (future
spinalcanal,spinalcanal)
hindgutdiverticulum;lumen

midgut;lumen

pharynx;lumen
foregut-midgutjunction;lumen
hindgut;lumen

restof foregut;lumen
foregut;oesophageatgion;lumen
otic pit;lumen

Locatingan entity of interestamongstll thesetree
pathscanbe an arduoustask. Evenif the termis
unique,the sameentrywill berepeatedicrossmul-
tiple stagesleadingto a visualsearchproblem.

An alternatve, cleanerway of presentingsearch
resultsis to take the matchingcomponentermsas
the primary display key and associatet with a list
of stagesvhereits correspondingathspeci cation
occurs. For non-uniguesearchqueriessuchasthe
exampleabove, this displaysas

futurespinalcord; neuraltube;neurallumen:
Stagedl2,13,14,15, ...

foregut diverticulum;lumen:
Stagedl 2,13

hindgutdiverticulum;lumen:
Stagedl2,13,14,15, ...

midgut;lumen:
Stagedl2,13,14,15, ...

foregut-midgutjunction;lumen:
Stagedl 3, 14,15,...

restof foregut; lumen:
Staged4,15,...

otic pit; lumen:
Staged4,15,...

opticrecess:
Staged5,...

pharynx;lumen:
Staged5,...

foregut; oesophageakgion; lumen:
Staged5,...

foregut; pharyngeategion; lumen:
Stagedl4

We will, of course,have to verify that this form
of display betterfacilitatesusers nding the struc-
ture(s)andstage(spf interestto them.

5 IncreasingPrecision

The introduction of phrasesbasedon more than
one componentterm within the Mouse Anatomy
Nomenclaturesigni cantly reducesthe numberof



irrelevant matchescomparedto searchesasedon
asinglecomonenterm.

To continue our example with CAPSULE from
Section 3, the current situationis that no results
will be found if “cortex capsule”is enteredas a
searchquery If the userthensimply searchedor
“capsule”’acrossall stages31 instancewill bere-
turned. However, althoughall sub-pathdeadingto
CORTEX.CAPSULE are returned,the other 87% of
the resultsareirrelevant to the users intention. If
the multi-componentermsareincludedasuniquely
designatingreplacement®f existing terms, 100%
recallwould be maintainedwhile increasingpreci-
sionto 100%percent.

As thereis somesystematicityinvolving parent
andchild componenterms theseermscanbeauto-
matically generatedWithin the nomenclaturehere
arethreetypical patterns. Thesecanbe formalised
as:

the child being a descriptorof the parente.g.
superiorvenacava

the child beinga part of the parente.g. ovary
capsuleor capsuleof ovary

the child beinga memberof the parentsete.g.
pituitary gland.

Of courseyecognisingvhichtreepathbelongso
which of the patternsabove requiresbiological ex-
pertise,but onceidenti ed new termscanbe gener
atedthataremorelikely to be usednaturallyto re-
fer to the relevantanatomicaktomponentsOncein
placethesenew termscanincreaseecall,with high
precision.

6 IncreasingRecall

While the MouseAnatomicalNomenclatue wasde-
signedto specify every anatomicalstructurewithin
the developing mouseembryo, it doesnot contain
all thetermsthatdevelopmentabiologistsmightuse
to referto anatomicakntities. Although somesyn-
onyms have beenexplicitly recordedn the nomen-
clature,no attempthasbeenmadeto be exhaustie.
In orderto increasethe recall of usersearches
for anatomicaktructureswe have undertaknto in-
creasethe numberand rangeof synoryms for ele-
mentsof the nomenclaturepy semi-automatically

Figure2: Schematiof a Theiler Stage20 embryo

analysingtexts likely to containtermsrelatedto the
developmentabnatomyof the mouse.

To demonstratehe potential value of this ap-
proach,we rst manuallyreviewed the short tex-
tual descriptiorthataccompaniesachTheilerstage
within the MouseAtlas, highlighting the main fea-
turesof the stage- for example,this text accompa-
niesthe schematiof TS20(Figure6):

The handplate(anterior footplate) is no
longercircular but developsangleswhich
correspondo thefuturedigits. Theposte-
rior footplateis alsodistinguishabldrom
the lower part of the leg. It is possible
to seethe pigmentationof the pigmented
layer of the retinathroughthetransparent
cornea.Thetongueandbrainvesiclesare
clearlyvisible.

We collectedall the nounphrasegNPs)that could
potentially refer to an anatomical structure and
found, within the 1400wordscomprisingthe de-
scriptions, 25 anatomicalterms that were not in-
cluded in the nomenclatureeither as component
termsor assynoryms for componenterms. Since
the samepeoplewrote thesetextual descriptionsas
developedthe Nomenclatureit shavs how dif cult
it isto recordall termsusedfor anatomicastructures
without systematieffort.

To supportsuch a systematiceffort, we have
been applying basic text analysis software to
a textbook on developmentalanatomy (Kaufman
and Bard, 1999), including a tokenizer part-of-
speechtaggerand NP chunler, the latter two from



the LanguageTechnologyGroup (LTG) in Edin-

burgh (http://wwwltg.ed.ac.uk),as well as addi-

tional scripts— in order to identify noun phrases,
from which we thenextractthosemaostlikely to re-

fer to ananatomicaktructure. The latter have then

beendiscussedavith our domainexpert, Davidson.

Becauseneither the POS taggernor the chun-
ker were specially trainedfor this type of techni-
cal text, their performancevasratherweak. Chun-
ker outputfrom the chapteron the heart,produced
5547phrasesof which 2465were consideredo be
NPs. 2.4% (i.e. 74) of the 3082 claimednon-NPs
wereoblviousfalsenegativesinvolving thetermsve-
nacava septumprimum/secundurandductusarte-
riosus/venousOf thetermsclassi ed asNPs,3.7%
(i.e. 92) werefoundto be false positives Most of
theseerrorsinvolved wordsthatcouldbe classedas
verbsor nounsadjacento trueNPs,regardedasplu-
ral nounsbut which,in contet, wereactingasverbs,
e.g.theostiumsecundunforms

Fromthe true NPs,we removed pronounshum-
bers,authorsnamesandplural termswhosesingu-
lar was also present. This left 451 NPs, of which
82 werefound to be exact matchesfor component
termsandeight, for the synorymsin theNomencla-
ture. Thesewerealsoremoved,leaving 361 possible
anatomicatermsnotfoundin theNomenclature.

We thenuseda commontechniqueo reducethis
setby only consideringNPsheadedyy or modi ed
by afrequentheador modi er from within the setof
componenterms(Bodenreideret al., 2002). Here,
frequentmeant 3 times. For example,CAROTID,
FIBROUS and ENDOCARDIAL are frequent modi-
ers, while ARTERY, SEPTUM and TISSUE arefre-
guentheadnouns. Of the 361 remainingNPsfrom
the heartchapter 115 shareda high frequeng head
nounwith termsalreadyin the Nomenclaturewhile
105 shareda high frequeng modi er with termsin
the Nomenclature. We consideredthese220 NPs
probableanatomicakerms,with the remaining141
beingpossibleanatomicaterms.Thesewo setsare
now beingreviewedto identify which aresynoryms
for anatomicalstructuresidenti ed in the Nomen-
clature,which denotestructuresor groupsof struc-
turesthathave notberecordedn theNomenclature,
which arereducedco-referringNPs,andwhich are
notanatomicatermsafterall.

7 FutureWork

One result of this work has beento catch both

structuralandterminologicalinconsistencies the
Mouse AnatomicalNomenclatue becauseour ex-

tractionsallow biologiststo easily seedifferences
betweeronebranchandanotheror betweeronetree
andanotherin the Nomenclature.

With respecto anenhancednterfaceto thegene
expressiordata,we arenow readyto take theresults
of ouranalysesndusethemto provide apotentially
moreeffective way of searchindor relevantanatom-
ical structuresanddisplayingtheresults.We have a
methodo minefor additionalsynorymsfor anatom-
ical terms thatwe will applyto additionaltexts, ide-
ally afterre-trainingthe POS-taggeandchunler to
betterre ect thetypesof texts we aredealingwith.

Similar Nomenclatures of developmental
anatomyexist for othermodelorganismsjncluding
drosophila,zebra sh and human. Thesetoo will
be usedto index gene expressiondata for these
organisms, eventually supporting cross-species
comparisorof geneexpressionpatternsandfurther
understandingf development. So we believe that
developmental anatomy provides a rich domain
in which to apply (and learn to extend) Natural
Languageoolsandtechniques.
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