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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-indexed geneexpression
data. The goal is to reduceusereffort in
specifyinganatomicalstructuresof inter-
estandincreaseprecisionandrecall.

1 Intr oduction

LanguageTechnology (LT) resourcesare time-
consumingand expensive to develop, and appli-
cationsrarely have the luxury of calling upon re-
sourcesspeciallydesignedfor thetaskat hand.For
LT applicationsin developmentalbiology suchas
robust interfacesto anatomically-indexed geneex-
pressiondataandtext miningtoolsto assistin build-
ing suchdatabases,resourcesalreadyexist in the
form of anatomicalnomenclaturesfor severalmodel
organismsincluding mouse,zebra�sh, drosophila
and human. (Othersmay follow.) Thesenomen-
clatureshave beendevelopedby biologistsfor biol-
ogists,to recordin a clear, intuitive andstructured
way thestructuresthatcanbedistinguishedat each
stageof an embryo's development. The challenge
for LT applicationsin developmentalbiology is to
stretchthemto serve otherpurposesaswell.

In thispaper, we describehow wehave takenone
of theseanatomicalnomenclatures(mouse)andex-
tractedfrom it a new resourceto facilitatefree text
accessto anatomically-indexeddata.Thetechniques
we have usedareapplicableto anatomicalnomen-
claturesfor othermodelorganismsaswell.

The paperis organisedasfollows: In Section2,
wedescribetheMouseAtlas,which is theparticular

context for the interfacewe 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 alsoservesto provide a clearerdisplayof the
resultsof searching.Thenin Sections5 and6, we
describewhatwearedoingto increasetheprecision
andrecallof userqueries.

2 The MouseAtlas

The MouseAtlas, developedby researchersat the
Medical ResearchCouncil's HumanGeneticsUnit
(MRC HGU) in Edinburgh, is a 3D atlasof mouse
embryo development(http://genex.hgu.mrc.ac.uk).
Anatomicalstructureswithin eachof the26 Theiler
Stagesof embryodevelopmentarelabelled,and3D
reconstructionsof eachstagecan be displayedin
transverse,frontal,sagittalor arbitraryplanes.

TheMouseAtlasis now beingusedto supportin-
dexing of geneexpressiondata,allowing theresults
of geneexpressionexperimentsto be indexed with
respectto wheregenesareexpressedin the devel-
opingembryo.Thereareat leasttwo waysof using
anatomyto index geneexpressiondata. In spatial
indexing, datais associateddirectlywith volumeel-
ements,voxelsof theanatomicalmodel.In symbolic
indexing, geneexpressiondatais associatedwith a
labelspecifyingapre-de�nedregionof theembryo.

A databaseof spatially indexed gene expres-
sion data (the EMAGE database)is being devel-
oped at the MRC HGU. A databaseof symboli-
cally indexed geneexpressiondata (the GeneEx-
pression Databaseor GXD) is being developed
by the JacksonLaboratoryin Bar Harbor, Maine



(http://www.informatics.jax.org). Indexing in the
GXD usesthe MouseAnatomicalNomenclature, a
set of 26 treesof anatomicalterms (one tree per
TheilerStage)structuredprimarilyby part-wholere-
lations(andsomeset-memberrelations).

The root nodeof eachTheiler Stagetree corre-
spondsto theentireembryoatthatstage,while other
nodes correspondto organ systems,subsystems,
spatially-localisedpartsof subsystems,or anatom-
ical structures. Eachnodewithin a tree hasa la-
bel (its componentterm), but componenttermsare
not meantto serveas uniquedesignators: theonly
thing guaranteedto denotean anatomicalstructure
uniquely is the sequenceof componenttermsthat
comprisesa path from the root node. Thus paths
(andonly paths)canserve askeys for symbolicin-
dexing of data. For examplethe componentterm
CRANIAL labels both a child of GANGLION (i.e.,
ganglialocatedin the head)anda child of NERVE

(i.e., nerves locatedin the head). The path to this
latterchild

EMBRYO.ORGANSYSTEM .NERVOUSSYSTEM.

CENTRALNERVOUSSYSTEM .NERVE.

CRANIAL .TRIGEMINALV

uniquely denotesthe trigeminal, or �fth cranial,
nerve1 within the TheilerStagedenotedby its root
andis usedasakey for relevantdata.

For accessinggeneexpressiondata,both spatial
and symbolic meansare againboth possible. An
elegant spatial interface is being completedat the
MRC HGU, that pairs an active window contain-
ing a view of the embryostageof interest,with a
window containingthecorrespondingnomenclature
tree2. Clicking at a point in theembryoview high-
lights the most speci�c correspondingnodeof the
nomenclaturebeing displayed(i.e., sub-treesof a
nodecanbe eitherhiddenor exploded). Similarly,
clickingonatermin thenomenclaturehighlightsthe
correspondingstructurewithin theembryoalongthe
planecurrentlybeingdisplayed.A screen-shotfrom
theinterfaceis shown in Figure2. On theleft of the
�gure isanoutlinefrontaldrawing of theembryo,on
which a sagittalsectionplaneis markedin red. The
centrepanelshowsadigital, sagittalsectionthrough

1Full stopis usedto separatecomponentnamesalongapath.
2http://genex.hgu.mrc.ac.uk/Resources/GXDQuery1

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

The currentproject aims at improving symbolic
accessto geneexpressiondataby providing arobust
free-text interface. In the currentGXD interface3,
userscantree-walk throughthe MouseAnatomical
Nomenclature for agivenstage,to �nd theanatomi-
cal structurewhoseassociatedgeneexpressiondata
is of interestto them,or they canentera termwhich
is matchedagainstsinglecomponentnames,with all
possiblesubstringmatchesreturnedfor the userto
chooseamong.

Problemsexist with both forms of access. It is
well known thatnavigatingthroughatreeis tedious.
A moresubtleproblemarisesfrom anatomybeing
forcedinto a tree-structurethatit doesn't have. This
leadsto structuresbeing divided and the resulting
sub-structuresrealisedin differentpartsof thetree–
for example,theendocardialtubeis dividedinto one
part that is a daughterof COMMON ATRIAL CHAM-
BER (i.e., its location),andanotherpart which is a
daughterof OUTFLOW TRACT. Soappearingto �nd
a structureof interestby a tree-walk, in additionto
being tedious,doesn't by itself guaranteethe user
thats/hehasfoundit all.

In contrast,accessby sub-stringmatchingon in-
dividual componenttermshasproblemsof bothre-
call andprecision. A usermay entera string that
matchesnothing(0%recall): (1) it maybeneithera
componenttermnorasubstringwithin acomponent
term – e.g., while HEART is a commonsynonym
for the modi�er “cardiac” (and a componentterm
in its own right) andCARDIAC MUSCLE is acompo-
nentterm,thestring“heartmuscle”yieldsnomatch;
or (2) it mayspanmultiple componenttermsin the
nomenclature– e.g.,while GLAND is a component
term,andPITUITARY is thecomponenttermof one
of its children(i.e., a memberof thesetof glands),
thestring“pituitary gland” yieldsno match.Or the
oppositemay happen:100%recall with low preci-
sion. For example,a searchon “hindbrain” yields
22matches,while “mesenchyme”yieldsasmany as

3http://www.informatics.jax.org/menus/expressionmenu



Figure1: Screenshotof MouseAtlas interface,displayingaTheilerStage14embryo.

1056matches.
Thecurrentprojectaimsto provide a robust free

text interfacethat will avoid theseandotherprob-
lems, (1) reducingthe effort that a user needsto
expend in �nding anatomicalstructuresof inter-
est;(2) betterorganisingsearchresults;(3) improv-
ing recall by reducingthe numberof timesthat no
match is found; and (4) improving precisionover
that which is possibleusingsubstringmatchingon
individual componentnames.To do this, we have
beenextractingfrom theMouseAnatomicalNomen-
clature anotherresourcecomprisinga setof Natu-
ral Language(NL) phrasesthatuniquelydenotethe
partsof the embryo. To expandthis set, we have
semi-automaticallyculled other anatomicalspeci-
�ers from a textbook on developmentalanatomy
madeavailableto us in electronicform. The inter-
estingchallengesthishasposedaredescribedin the
remainderof thepaper.

3 ReducingUserEffort

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

model organisms)are not unique designatorsfor
anatomicalstructures:the only uniquedesignators
arepath speci�cations. Thus technically, the only
way a usercanuniquelyselectananatomicalstruc-
tureof interestis to entertheentirepathname(or to
�nd it throughnavigatinganembryostagetreedown
from its root).

However, there are developmentally valid no-
tions of uniquenesswith respectto which some
of the 1416 componentterms associatedwith the
13737 nodesin the 26 Theiler Stagetreesof the
MouseAnatomicalNomenclature canbetakento be
unique.4

The �rst such notion of uniquenesscan be as-
sociatedwith an anatomicalstructurethat develops
by someTheiler Stage j and then persistsunder
the samenamethroughsubsequentstages. In the
MouseAnatomicalNomenclature, thissituationcor-
responds,�rst off, to pathspeci�cationsthat differ
only in their rootnote(whichdesignatestheembryo

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



at the correspondingTheiler Stage). If the compo-
nenttermat theleafdoesnotoccurelsewherein the
nomenclatureoutsidethis path speci�cation, then
thiscomponentnamecanbeclassi�edasunique.

This notion of uniquenesswas found to hold
of 1017 of the 1416 componentterms, including
CARDIOGENIC PLATE, CRANIUM, etc. This meant
thatapproximately11200nodeswerecovered,with
somewhat over 2500 still remaining. These1017
componenttermscouldpotentiallybeusedto access
geneexpressiondataassociatedwith someor all of
theTheilerStagesthroughwhich theuniquelydes-
ignatedstructureexists,exceptfor aproblemthatwe
will mentionshortly.

The secondnotion of uniquenessis an extension
of the �rst. Beforeanatomicalstructuresare fully
formed,they tendto bereferredto by namesthatde-
notethe sameanatomicalstructurebut alsoconvey
that it is not fully formed – for example, the FU-
TURE FOREBRAIN. Suchcomponenttermscanbe
linkedwith thecomponenttermof thestructurethey
develop into, treatingthe two togetherasa unique
designatoracrossthe extendedsequenceof Theiler
Stages.A userseekinggeneexpressiondatafor the
FOREBRAIN without specifyinga particularTheiler
Stage,could then selectfrom stages15-16, which
containthe FUTURE FOREBRAIN, as well as from
stages17-26,whichcontaintheFOREBRAIN.

In somecases,�nding suchtermsis easy– specif-
ically, whenpathsin adjacentstagesdiffer only in
their root nodeandtheir potentiallyco-designating
leafterms.In othercases,theprocessis complicated
by the fact that their containinganatomicalstruc-
turesarethemselvesdevelopingandchanging.This
createsadditionaldifferencesin pathsthat should
be taken to co-designatein this lineagesense.The
differencemay simply be in the particularcompo-
nenttermassociatedwith anon-terminalnode– e.g.
FUTURE FOREBRAIN is a child of FUTURE BRAIN

in stages15-16,while FOREBRAIN descendsfrom
BRAIN in stages17-26. Thesecasescan be iden-
ti�ed by verifying that the intermediatestructures
arethemselves in a lineagerelation. But the paths
may alsodiffer in length, the earlierstagepathbe-
ing longer than its correspondingpath in the next
stage.This is becausetheearlierstagespeci�esthe
tissuefrom whichthestructureis developingfrom –
for example,the �b ula developsfrom the lower leg

mesenchyme.Sothepath

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

is auniquedesignatorin Stage23,becoming

EMBRYO.LIMB.HINDLIMB.LEG.LOWERLEG.
FIBULA

in Stages24 to 26. To recognisesuchcases,we
needto analysewhatnodescontributeto differences
in path length and decidewhethertwo component
termsco-specifyon thatbasis.

Again, when thesepatternsareencountered,the
componentnames,providing they arenot involved
in any other initial tree paths,can be classi�ed as
beingunique,furtherreducingthenumberof names
to bedisambiguated.Sofar 44 of theselineagepat-
ternshave beenidenti�ed, further eliminating ap-
proximately118from thesetof ambiguouscompo-
nentterms.

The third notion of uniquenessthat canbe used
for identifying componenttermsthat can serve as
uniquedesignatorscanbecalledgroupuniqueness.
For example,althoughthecomponentterm TOOTH

appearsin differentpathspeci�cations,whosecorre-
spondinginternalnodesarenot pairwiseequivalent
– 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

JAW, thepairwisedifferentnodesmaycorrespondto
structureswhoseanatomical/developmentalproper-
ties can,in the context of geneexpression,be con-
sideredthe same.This notion of groupuniqueness
wasfoundto hold of ninecomponentterms,cover-
ing approximately260of theremainingnodes.

Beforemoving from individual componentterms
that turn out to be uniquedesignatorsfor anatomi-
cal structures,to shortsequencesof suchterms,we
needto point out a separateproblemin actuallyus-
ing themin a userinterface. The problemfollows



from a designdecisionmadein thedevelopmentof
theseanatomicalnomenclaturesthat supportstheir
intendeduse by biologists as clear and succinct
structuraldescriptionsof an embryo. Speci�cally,
while an individual componentterm may turn out
to bea uniquespeci�er with respectto theNomen-
clature,outsidethe context of its treepath, it may
not signify to a biologistwhat it is intendedto. For
example,while the term LOOP hasbeenfound to
uniquelydenotethesameanatomicalstructureas

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
term DISTAL uniquelydesignatesthesameanatom-
ical structureas

EMBRYO.L IMB.FORELIMB.JOINT.

RADIO-ULNARJOINT.DISTAL

“distal” on its own is not how any biologist would
referto thejoint of theradiusandulnabonesthatis
furthestfrom theshoulder.

For the interfacewe aredeveloping,we needto
replacethesealbeit uniquecomponenttermswith
phrasesthat are more natural to usein specifying
thesestructures.

Turning now to componentterms that are not
uniquein any of the sensesdiscussedso far, it still
doesnot appearto be the casethat a userneeden-
ter anentire pathspeci�cationto refer to its associ-
atedanatomicalstructure.In many cases,asub-path
speci�cationof two, or in somecases,threecompo-
nenttermsappearssuf�cient to specifytheanatom-
ical structureof interest.

To �nd whereshortersub-pathswould serve as
a sourceof uniquedesignators,we enumeratedall
sub-pathsfrom nodeswith a non-uniqueassociated
componentterm (either leaf or internal node) to
the root of their correspondingTheiler Stagetree
(i.e., pathsbeing speci�ed in child-parentorder).
This revealedmany caseswherea uniquetwo- or
three-componentpath speci�cation would disam-
biguatean otherwiseambiguousterm, andallowed
usto cover another156componenttermsvia the2-
componenttermsand50via the3-componentterms.

Thishasleft only 58of theoriginal1416component
terms(and1159correspondingnodesin theNomen-
clatureout of the original 13737) for us to inves-
tigateothermethodsof �nding uniquedesignators
for.

The questionis what Natural Languagephrases
thesemulti-componenttermscorrespondto, sinceit
is suchphrasesthat would be usedin an interface,
not sequencesof componentterms. Slight varia-
tions in what the parent-childrelationscorrespond
to meantherearethreedifferentphrasalpatternsfor
two-componentsub-paths:(1) In caseswhere the
child andparentnodesare in a part-wholerelation
andboth are realisedasnouns– e.g.,a child with
componentterm CAPSULE descendingfrom a par-
entLENS, or a parentCORTEX or aparentOVARY

EMBRYO.ORGANSYSTEM .SENSORYORGAN
.EYE.LENS.CAPSULE

EMBRYO.ORGANSYSTEM .VISCERAL ORGAN.
RENAL /URINARYSYSTEM .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
uniquelyspecifyingphrases“capsuleof lens”,“cap-
sule of cortex” and “capsuleof ovary”. Alterna-
tively, a naturalphraseof theform PARENT CHILD,
(i.e. “lens capsule”,“cortex capsule”and “ovary
capsule”can also be constructedas a naturalway
of describingthe anatomicalstructurethat the path
denotes.

(2) In caseswherethechild andparentnodesare
in apart-wholerelation,but thecomponenttermas-
sociatedwith thechild is anadjective suchasLEFT,
UPPER or ANTERIOR, thenthepatternCHILD PAR-
ENT canbeusedto form anappropriatephrase.For
example,thepathspeci�cation

EMBRYO.ORGANSYSTEM .CARDIOVASCULAR

SYSTEM .VENOUSSYSTEM .VENACAVA .

INFERIOR

canbeaccessedby thephrase“inferior venacava”.
(3) In caseswherethechild andparentnodesare

in a set-instancerelation,asin thecaseof



EMBRYO.ORGAN SYSTEM .VISCERAL ORGAN.

ALIMENTARY SYSTEM .ORAL REGION.

GLAND.PITUITARY

again the pattern CHILD PARENT can be usedto
form anappropriatephrase– for example“pituitary
gland” in thiscase.Phrasesthusformedfrom multi-
componentsub-pathsmayagainbeuniquewith re-
spectto aninterval of TheilerStages,or with respect
to lineagewithin theTheilerStages,or with respect
to a group.

4 Impr oving the Display of Search Results

Currently, within the interfaceto the GeneExpres-
sion Database,one can searchfor an anatomical
structureof interestwithin asingletreeor acrossall
stages.A queryacrossall TheilerStages(TS)results
in alist of all stageswith amatchingcomponent,and
associatedwith eachstageis apathspeci�cationter-
minatingat amatchingcomponentname.This does
noteasilyenabletheuserto locatethespeci�c entity
they areinterestedin. If thetermis notunique,then
theresultscontainall possibleanatomicalstructures
thequerycouldrepresent.For example,asub-string
matchon thephrase“lumen” resultsin

4 TS12term(s)matchingquery“lumen”:

futurespinalcord;neuraltube;neurallumen
foregutdiverticulum;lumen
hindgutdiverticulum;lumen
midgut;lumen

5 TS13term(s)matchingquery“lumen”:

futurespinalcord;neuraltube;neurallumen
foregutdiverticulum;lumen
hindgutdiverticulum;lumen
midgut;lumen
foregut-midgutjunction;lumen

7 TS14term(s)matchingquery“lumen”:

futurespinalcord;neuraltube;neurallumen(future
spinalcanal,spinalcanal)
hindgutdiverticulum;lumen
midgut;lumen
foregut-midgutjunction;lumen
restof foregut;lumen
foregut;pharyngealregion;lumen
otic pit;lumen

10TS15term(s)matchingquery“lumen”:

optic recess(lumenof optic stalk)

futurespinalcord;neuraltube;neurallumen(future

spinalcanal,spinalcanal)

hindgutdiverticulum;lumen

midgut;lumen

pharynx;lumen

foregut-midgutjunction;lumen

hindgut;lumen

restof foregut;lumen

foregut;oesophagealregion;lumen

otic pit;lumen

Locatinganentity of interestamongstall thesetree
pathscanbe an arduoustask. Even if the term is
unique,thesameentrywill berepeatedacrossmul-
tiple stages,leadingto avisualsearchproblem.

An alternative, cleanerway of presentingsearch
resultsis to take the matchingcomponenttermsas
the primary displaykey andassociateit with a list
of stageswhereits correspondingpathspeci�cation
occurs. For non-uniquesearchqueriessuchasthe
exampleabove, thisdisplaysas

futurespinalcord;neuraltube;neurallumen:

Stages12,13,14,15, ...

foregutdiverticulum;lumen:

Stages12,13

hindgutdiverticulum;lumen:

Stages12,13,14,15, ...

midgut;lumen:

Stages12,13,14,15, ...

foregut-midgutjunction;lumen:

Stages13,14,15, ...

restof foregut; lumen:

Stages14,15, ...

otic pit; lumen:

Stages14,15, ...

optic recess:

Stages15, ...

pharynx;lumen:

Stages15, ...

foregut; oesophagealregion; lumen:

Stages15, ...

foregut; pharyngealregion; lumen:

Stages14

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

5 IncreasingPrecision

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



irrelevant matchescomparedto searchesbasedon
asinglecomonentterm.

To continue our example with CAPSULE from
Section3, the current situation is that no results
will be found if “cortex capsule” is enteredas a
searchquery. If the userthen simply searchesfor
“capsule”acrossall stages,31 instanceswill be re-
turned. However, althoughall sub-pathsleadingto
CORTEX .CAPSULE are returned,the other 87% of
the resultsare irrelevant to the user's intention. If
themulti-componenttermsareincludedasuniquely
designatingreplacementsof existing terms, 100%
recallwould bemaintained,while increasingpreci-
sionto 100%percent.

As thereis somesystematicityinvolving parent
andchild componentterms,thesetermscanbeauto-
maticallygenerated.Within thenomenclaturethere
arethreetypical patterns.Thesecanbe formalised
as:

� the child beinga descriptorof the parente.g.
superiorvenacava

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

� thechild beinga memberof theparentsete.g.
pituitarygland.

Of course,recognisingwhichtreepathbelongsto
which of the patternsabove requiresbiological ex-
pertise,but onceidenti�ed new termscanbegener-
atedthat aremorelikely to beusednaturallyto re-
fer to therelevantanatomicalcomponents.Oncein
placethesenew termscanincreaserecall,with high
precision.

6 IncreasingRecall

While theMouseAnatomicalNomenclature wasde-
signedto specifyevery anatomicalstructurewithin
the developing mouseembryo,it doesnot contain
all thetermsthatdevelopmentalbiologistsmightuse
to refer to anatomicalentities.Althoughsomesyn-
onymshave beenexplicitly recordedin thenomen-
clature,noattempthasbeenmadeto beexhaustive.

In order to increasethe recall of user searches
for anatomicalstructures,wehave undertakento in-
creasethe numberandrangeof synonyms for ele-
mentsof the nomenclature,by semi-automatically

Figure2: Schematicof aTheilerStage20 embryo

analysingtexts likely to containtermsrelatedto the
developmentalanatomyof themouse.

To demonstratethe potential value of this ap-
proach,we �rst manually reviewed the short tex-
tualdescriptionthataccompanieseachTheilerstage
within the MouseAtlas, highlighting the main fea-
turesof thestage– for example,this text accompa-
niestheschematicof TS20(Figure6):

The handplate(anterior footplate) is no
longercircularbut developsangleswhich
correspondto thefuturedigits. Theposte-
rior footplateis alsodistinguishablefrom
the lower part of the leg. It is possible
to seethe pigmentationof the pigmented
layerof theretinathroughthetransparent
cornea.Thetongueandbrainvesiclesare
clearlyvisible.

We collectedall the nounphrases(NPs)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 assynonyms for componentterms. Since
thesamepeoplewrote thesetextual descriptionsas
developedtheNomenclature,it shows how dif�cult
it is to recordall termsusedfor anatomicalstructures
without systematiceffort.

To support such a systematiceffort, we have
been applying basic text analysis software to
a textbook on developmentalanatomy(Kaufman
and Bard, 1999), including a tokenizer, part-of-
speechtaggerandNP chunker, the latter two from



the LanguageTechnologyGroup (LTG) in Edin-
burgh (http://www.ltg.ed.ac.uk),as well as addi-
tional scripts – in order to identify noun phrases,
from which we thenextract thosemostlikely to re-
fer to ananatomicalstructure.The latterhave then
beendiscussedwith ourdomainexpert,Davidson.

Becauseneither the POS taggernor the chun-
ker were specially trained for this type of techni-
cal text, their performancewasratherweak. Chun-
ker output from the chapteron the heart,produced
5547phrases,of which 2465wereconsideredto be
NPs. 2.4%(i.e. 74) of the 3082claimednon-NPs
wereobviousfalsenegativesinvolving thetermsve-
nacava, septumprimum/secundumandductusarte-
riosus/venous. Of thetermsclassi�edasNPs,3.7%
(i.e. 92) werefound to be falsepositives. Most of
theseerrorsinvolvedwordsthatcouldbeclassedas
verbsor nounsadjacentto trueNPs,regardedasplu-
ral nounsbut which,in context, wereactingasverbs,
e.g.theostiumsecundumforms.

Fromthe trueNPs,we removed pronouns,num-
bers,authorsnames,andplural termswhosesingu-
lar was also present. This left 451 NPs, of which
82 werefound to be exact matchesfor component
termsandeight,for thesynonymsin theNomencla-
ture.Thesewerealsoremoved,leaving 361possible
anatomicaltermsnot foundin theNomenclature.

We thenuseda commontechniqueto reducethis
setby only consideringNPsheadedby or modi�ed
by afrequentheador modi�er from within thesetof
componentterms(Bodenreideret al., 2002). Here,
frequentmeant

�

3 times. For example,CAROTID,
FIBROUS and ENDOCARDIAL are frequent modi-
�ers, while ARTERY, SEPTUM and TISSUE arefre-
quentheadnouns.Of the361 remainingNPsfrom
theheartchapter, 115shareda high frequency head
nounwith termsalreadyin theNomenclature,while
105shareda high frequency modi�er with termsin
the Nomenclature. We consideredthese220 NPs
probableanatomicalterms,with the remaining141
beingpossibleanatomicalterms.Thesetwo setsare
now beingreviewedto identify whicharesynonyms
for anatomicalstructuresidenti�ed in the Nomen-
clature,which denotestructuresor groupsof struc-
turesthathavenotberecordedin theNomenclature,
which arereducedco-referringNPs,andwhich are
notanatomicaltermsafterall.

7 Future Work

One result of this work has been to catch both
structuralandterminologicalinconsistenciesin the
MouseAnatomicalNomenclature becauseour ex-
tractionsallow biologists to easily seedifferences
betweenonebranchandanotheror betweenonetree
andanotherin theNomenclature.

With respectto anenhancedinterfaceto thegene
expressiondata,wearenow readyto take theresults
of ouranalysesandusethemto provideapotentially
moreeffectivewayof searchingfor relevantanatom-
ical structuresanddisplayingtheresults.We have a
methodto minefor additionalsynonymsfor anatom-
ical terms,thatwewill applyto additionaltexts, ide-
ally afterre-trainingthePOS-taggerandchunker to
betterre�ect thetypesof textswearedealingwith.

Similar Nomenclatures of developmental
anatomyexist for othermodelorganisms,including
drosophila,zebra�sh and human. Thesetoo will
be used to index gene expressiondata for these
organisms, eventually supporting cross-species
comparisonof geneexpressionpatternsandfurther
understandingof development. So we believe that
developmental anatomy provides a rich domain
in which to apply (and learn to extend) Natural
Languagetoolsandtechniques.
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