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Abstract. As part of an initiative to facilitate adequate identification and display
of substance-associated health effects a toxicological ontology - Told@y

- was created. Further, an alignent with MeSH was accomplished to oltain a
indirect index to the scientific literature.

To arrive at satisfactory results in the semantically-enabled applicatiigts,
quality ontologies and alignments are both necessary. A key step towigtds h
quality in this area is debugging the ontologies and their alignments. In this pape
we present an experience report on the debugging of ToxOntolabiaSH as

well as an alignment.

1 Introduction

Toxicology information, publicly available via Interndtas grown immensely over the
last decade and represents a major fundament to risk assatsisna range of regula-
tory applications, including that of food toxicology. Thderpus is commonly referred
to as the Internet-based toxicology landscape [21, 10,18. accordingly deposited
information is, however, heterogeneous i.e. appears iowsiforms and formats and
is distributed across a rich variety of databases. Sevaratdnization initiatives have,
however, been launched to help extracting such informdtiom disparate sources,
typified by the construction of Internet portals (e.g. Taxared eChemPortal) and data
format standardization [20, 26]. Moreover, the demarcatietween data holding clas-
sical toxicology actions of substances and that of theiegarbiological activity has
become less sharp in recent years. Notably, the ToxCast@a®l Thitiatives have pro-
vided gargantuan amounts of data - freely available thrahghPubChem repository
- encompassing results from a wide rangero¥itro biological assay outputs on nox-
ious chemicals, and the Computational Toxicogenomics li2es& merges molecular
data on chemical health effects at various levels of resolyi8, 1, 22]. Actually, even
interaction-type data has recently witnessed exploiaitiocomputational toxicology
[8, 2]. Moreover, the OpenTox project, funded by the 7th Earfrework Programme for
research, aims at facilitating informatics work in toxiegy, through providing an inter-
operable and standardized framework to support preditikieology [4]. Nonetheless,
exhaustive toxicology data search and crosswise compeceostill be a cumbersome
undertaking.



As part of a slightly broader initiative to facilitate theeidtification of adequate
substance-associated health effects a toxicologicalamyte ToxOntology - was cre-
ated within an informatics system development at the Svwaelditional Food Agency
(NFA). It is inspired by and incorporates several toxicgl@ndpoints of the REACH
chemical legislature framework, on which a considerahigdaendpoints ontology has
been built, as developed within the OpenTox community [56, @/hile OpenTox vo-
cabularies are mainly designed for advancing predictixetdogy - especially QSAR
modeling - the purpose of ToxOntology, however, is to supfiee identification and
presentation of health effects associated with (chemmastances, as appearing in
databases and the scientific literature. Terms and artinitecf ToxOntology were cre-
ated manually by expert toxicologists using various raet¢vagulatory documents as
well as scientific papers in the field. ToxOntology is usednnrahouse tagging ser-
vice to mark textual records where existing classificatipstems lack coverage, and
in an ontology-based text mining application. It is suppdrby a navigation tool for
accessing databases and literature.

Further, the scientific literature is a major source of tolagy information not yet
being curated and rendered available in databases. A kegesofisuch documentation
is MEDLINE, using Medical Subject Headings (MeSH, [5]) adassification system.
Although the previously mentioned tagging service couldi®ed here for indexing ar-
ticles relating to a substance of interest, a more preciseexiion to an already curated
index was desired, implicating a need of an alignment [3jveenh ToxOntology and
MeSH.

To obtain high-quality results in semantically-enablegliajations (such as the
ontology-based text mining and search applications),-kigglity ontologies and align-
ments are both necessary. A key step towards higher qusilitydebug the ontologies
and their alignments. In this paper we present an experiepaet on the debugging of
ToxOntology and MeSH as well as an alignment. In section 2 redlp describe Tox-
Ontology and MeSH, as well as the ontology alignment and titelogy debugging
systems that were used. Section 3 describes the actualgiebuwexperience, including
the creation of an initial alignment of ToxOntology and MeSht detection of possi-
ble defects using RepOSE [11], two independent repairiagisas - manual and using
RepOSE, as well as an experiment using a non-validatedlialignment. The paper
concludes in section 4.

2 Background

ToxOntology. ToxOntology is an OWL2 ontology, encompassing 263 concepds a
266 asserted is-a relations. The ontology has ten main axpscéncepts) including
Toxic effect, Route of exposure and Time of exposure. Allaapis have human read-
able labels and synonyms attached. ToxOntology appeatedaamerge of classifica-
tion systems covering concepts within toxicology used byéR [9] and an implemen-
tation of the OpenTox API [6]. The merge was further refined expanded manually
by toxicology experts at the NFA, end-users of ToxOntolddye overall design princi-
ple can be summarized as follows: broad enough to cover alngsaspect of interest



in the field and at the same time small enough to become araatiez tool in users’
daily search of toxicology information.

MeSH. MeSH is a thesaurus of the National Library of Medicine (NLM)consists
of sets of terms naming descriptors in a 12-level hieraadtgtructure. The 2011 ver-
sion of MeSH contains 26,142 descriptors. MeSH is used by Naryely for indexing
PubMed [19]. As MeSH contains many descriptors not relatethé domain of tox-
icology, we used parts from the Diseases [C], Analyticahddiostic and Therapeutic
Techniques and Equipment [E] and Phenomena and ProcegddesfGhes of MeSH.
The resulting ontology contained 9,878 concepts and 15as8@érted is-a relations.
A Java program was written to parse (using the SAX parserXtie file, filter the
selected elements and create the OWL file (using Jena2.1)oWehat the MeSH hi-
erarchy is not based on subsumption relations only, anditiepreting all structural
relations as is-a relations, may lead to unintended results

Ontology alignment system - SAMBO/KitAMO. Our ontology alignment system
SAMBO (e.g. [14, 24,12]) is based on the framework definedlR] fnd implements
different strategies for preprocessing, matching, combiand filtering. We briefly dis-
cuss the strategies that were used in this use case. We digepreprocessing strate-
gies to reduce the search space. Matchers calculate stynitatues between terms.
As matchers we usetermBasidlinguistic approach)TermWNapproach using Word-
Net [27]), UMLSM (approach using domain knowledge - UMLS [23]), ataiveBayes
(instance-based approach using scientific literaturey.rébults of the matchers can be
combined in different ways. In this use case we used the mariiased combination
strategy, which returns as final similarity value betweemgs the maximum value of
the similarity values computed by the individual matché&usither, we used the single
threshold filtering strategy, that retains pairs of termthwai similarity value equal to
or higher than a given threshold value as mappings suggesfidve mapping sugges-
tions should then be validated by a domain expert. KitAMQ j&% tool for evaluating
and analyzing ontology alignment strategies and their ¢oations. The tool covers
the non-interactive part of the general framework for ahgrontologies. We have used
the KitAMO tool with the SAMBO strategies mentioned abovereby allowing us to
store and analyze results from different runs of the algor.

Ontology debugging system - RepOSERepOSE (version as described in [11]) is a
logic-based tool for debugging is-a structure within anghpiags between taxonomies.
It covers the detection and repairing of defects. It handéfscts regarding missing as
well as wrong is-a structure, and defects regarding missithwrong equivalence and
is-a mappings. It is based on the framework for debugginglogies shown in Figure
1. The debugging workflow consists of 6 phases, where thetfustphases are for
the detection and validation of possible defects, and thiefdaur are for the repairing.
The input is a network of ontologies. The output is the setephired ontologies and
alignments.

In the current version of RepOSE, the detection of defe@s irgormation inherent
in the network consisting of the taxonomies and the aligrtménPhase 1the system
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Fig. 1. Debugging workflow [11].

computes for every taxonomy the is-a relations that can bigedefrom the network
but not from the taxonomy alone. These are calfaddidate missing is-a relations
(CMls). Similarly, it computes for every pair of taxonomiaed their alignment the
mappings that can be logically derived from the network laitfrom the taxonomies
and their alignment alone. These are caltaddidate missing mapping€MMs). As
these CMIs and CMMs may be derived using erroneous infoomati the network, a
domain expert is needed to validate and classify them inssimg is-a relation, wrong
is-a relation, missing mapping or wrong mappirRhése 3. The CMIs and CMMs
are shown to the domain expert using arrows together with jigification'. Related
items are shown together. The user can validate by clickiegatrows and toggle the
label to "W’ or "M’ (e.g. Figure 2). There is also a recommeridatalgorithm that uses
external knowledge. We note that each of the validated CMis@VIMs gives rise to
a debugging opportunity. Missing is-a relations and maggishould be repaired by
adding information to taxonomies or alignments. Wrong iglations and mappings
are repaired by removing information from taxonomies ayratents.

Ontologies and alignments are repaired one by one. For thetsd taxonomy or
for the selected alignment and its pair of taxonomies, a caerchoose to repair the
missing or the wrong is-a relations/mappir{§hase 3.1-3.4)Although the algorithms
for repairing are different for missing and wrong is-a rielas/mappings, the repairing
goes through the phases of generation of repairing acttbesranking of is-a rela-
tions/mappings, the recommendation of repairing actiowsfaally, the execution of

repairing actions. If?hase 3.Iepairing actions are generated. For wrong is-a relations

and mappings, the repairing actions are is-a relations @pings to remove. For each
wrong is-a relation and mapping the justifications in themoek are computed. The
defect can be repaired by removing at least one is-a relationapping in each jus-

L A justification for an is-a relation or mapping can be seen as an explanatiovhf this is-a
relation or mapping is derivable from the network. It is a minimal set & i®lations and
mappings that allows for the derivation of the given is-a relation or mapgior a formal
definition, see e.g. [11, 7].
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Fig. 2. Generating and validating CMIs.

tification. RepOSE shows for each wrong is-a relation or nrgpghe justifications as
directed graphs (Figure 3). The domain expert can repaihbgsing edges in the graph
and commit to removing them. For each missing is-a relatrama&pping, a Source set
and a Target set are compufett.is guaranteed that when an is-a relation/mapping is
added between any element in the Source set and any elemét Trarget set, the
defect is repaired. The algorithm also guarantees sokitamthering to a number of
heuristics [13]. The Source and Target sets are displayésidrpanels to the domain
expert (together with the justification of the missing isskation or mapping) allowing
the user to conveniently repair defects by selecting elésnerthe panels (Figure 4).
In general, there will be many is-a relations/mappings imgeepairment and some of
them may be easier to embark on such as those with few regaictions. We therefore
rank them with respect to the number of possible repairinprs(Phase 3.2) After
this, the user can select an is-a relation/mapping to regrairchoose among possible
repairing actions. To facilitate this process, we devaiopeethods to guide the user
by means of advised repairing actidifase 3.3)Once the user decides on repairing
actions, the chosen repairing actions are then appliedetoetlevant taxonomies and
alignments and the consequences are compitiedse 3.4)We also note that the user
can switch between different ontologies and phases at argyduring the process.

3 Debugging ToxOntology, MeSH and their alignment

3.1 Aligning ToxOntology and MeSH

As an alignment of ToxOntology and MeSH was deemed necessaglyas RepOSE
uses an alignment in the detection phase of defects, thetistof our process was to
create an initial alignment between ToxOntology and MeSldrédver, due to a pref-
erence for an as complete as possible, high-quality aligmnpeeprocessing to reduce
the search space was excluded from the procedure; we uderkdiftypes of match-
ers; and as combination strategy we used the maximum-baseegy. We generated
the similarity values for all pairs of terms. Further, we diséngle threshold filtering

2 Essentially, for missing is-a relation a b, Source(a,b) = super-concepts(a)super-
concepts(b) and Target(a,b) = sub-concepts@)b-concepts(a).
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Fig. 5. Validation of mapping suggestions - initial alignment.

with threshold 0.35 for the filtering strategy. These chem®uld lead to a high recall,
although there would be many mapping suggestions to validat

During the validation phase the domain expert classifiedthpping suggestions
into: equivalence mapping, is-a mapping (ToxOntology tesraMeSH term and MeSH
term is-a ToxOntology term), related terms mapping and gmapping. The mapping
suggestions were shown to the domain expert in differepsdtased on the similarity
values. The results are summarized in Figure 5. The validalignment consists of
41 equivalence mappings, 43 is-a mappings between a Tokd@gtterm and a MeSH
term, 49 is-a mappings between a MeSH term and a ToxOntotrgyand 243 related
terms mappings. Further, there is information about 1,188 mappings.

3.2 Debugging using validated alignment

It was not considered feasible to identify defects manudterefore, we used the de-
tection mechanisms of RepOSE. RepOSE computed CMIs, whéch then validated

by domain experts. As there initially were only 29 CMIs, weided to repair the on-

tologies and their alignment independently in two wayssti-the CMIs and their jus-

tifications were given to the domain experts who manuallyire the ontologies and
their alignment. Second, the repairing mechanisms of REp@&e used. A summary
of the changes in the alignment and in ToxOntology due to #i®idging sessions are
summarized in Figure 6 columns ’original alignment’ andafialignment®, and Fig-

3 The final alignment contains changes from the two debugging sessidris the one that is
now used.
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Fig. 6. Changes in the alignment (equivalence mappiay ToxOntology term is-a MeSH term
(—), MeSH term is-a ToxOntology term-), related terms (R), wrong mapping (W)).

ure 7 column ‘final’, respectively. There are also 5 misssig relations for MeSH. In
the remainder of this subsection we describe the detectidmepairing in more details
and compare the manual repairing with the repairing usingJ&E.

Detection using RepOSE - first run. As input to RepOSE we used ToxOntology and
MeSH as discussed in section 2. Further, we used the valigete of the alignment
discussed in section 3.1, that contains the 41 equivalermgpimgs, the 43 is-a map-
pings between a ToxOntology term and a MeSH term and the d8niappings between
a MeSH term and a ToxOntology terhn.

RepOSE generated 12 non-redundant CMIs for ToxOntologyn(Batal) of which
9 were validated by the domain experts as missing and 3 asgwFor MeSH, Re-
pOSE generated 17 non-redundant CMlIs (among which 2 rekatiepresented one
equivalence relation - 32 CMIls in total) of which 5 were valied as missing and the
rest as wrong.

Manual repair. The domain experts focused on repairment of ToxOntologythad
alignment. Regarding the 9 missing is-a relations in Tox@uy, these were all added
to the ontology. Further, another is-a relatiasthma— respiratory toxicity was added,

4 The related term mappings cannot be used in logical derivation related te-#hstructure of
the ontologies and are therefore not included in the alignment used inSEepO



Added is-a relations finallmanualRepOSE
absorption— physicochemical parameter |Yes|Yes |Yes

hydrolysis— metabolism Yes|Yes |Yes
toxic epidermal necrolysis» hypersensitivityYes |Yes  |Yes
urticaria— hypersensitivity Yes|Yes |Yes
asthma— hypersensitivity Yes|Yes |Yes
asthma— respiratory toxicity Yes|Yes |No

allergic contact dermatitis> hypersensitivity| Yes |Yes  |Yes
subcutaneous absorptien dermal absorptiofyes |Yes |Yes
oxidation— metabolism Yes |Yes |Yes
oxidation— physicochemical parameter |Yes|Yes |Yes

Fig. 7. Changes in the structure of ToxOntology.

in addition toasthma— hypersensitivitybased on an analogy of this case with the
already existingurticaria — dermal toxicityand addedurticaria — hypersensitivity
This is summarized in Figure 7 column 'manual’. The domaipegis also removed
two asserted is-a relationagthma— immunotoxicityand subcutaneous absorption
— absorption for reasons of redundancy. These is-a relations are validtlaey are
derivable in ToxOntology.

The wrong is-a relations for MeSH and ToxOntology were gibieed by removing
mappings in the alignment (Figure 6 column ‘final alignmeranual’). In 5 cases a
mapping was changed from equivalence or is-a into relatedné of the cases (con-
cerningcirrhosisin ToxicOntology andibrosisandliver cirrhosisin MeSH) a further
study also led to the change afrhosis < liver cirrhosisinto cirrhosis= liver cirrho-
sis

The wrong is-a relations involvingnetabolismin ToxOntology, invoked a deeper
study of the use of this term in ToxOntology and in MeSH. Thendm experts con-
cluded that the ToxOntology termetabolisms equivalent to the MeSH tertriotrans-
formationand a subconcept of the MeSH temetabolism This observation led to a
repair of the mappings related meetabolism

Further, some mappings were changed from an equivalenceamiapping to a
wrong mapping. In these cases (e.g. betweenticaria in ToxOntology ancurticaria
pigmentosan MeSH) the terms were syntactically similar and were &liyi validated
wrongly during the alignment phase.

Repairing using RepOSE. For the 3 wrong is-a relations for ToxOntology and the
12 wrong is-a relations for MeSH, the justifications werevahdo the domain experts.
The justifications for a wrong is-a relation contained ast@amappings and 0 or 1 is-a
relations in the other ontology. In each of these cases 8idigation contained at least
one mapping that the domain expert validated to be wronglate@ and the wrong
is-a relations were repaired by removing these mappingsKggure 6 column ‘final

5 So the domain experts changed their original validation based on theniegsmpport pro-
vided by RepOSE.



alignment RepOSE’, except last row). In some cases regaiiiie wrong is-a relation
also repaired others (e.g. removing mappigatic porphyria— porphyrias repairs
two wrong is-a relations in MeSHrorphyrias— porhyrias hepati@andporphyrias—
drug induced liver injury.

For the 9 missing is-a relations in ToxOntology and the 5 mgsss-a relations in
MeSH, possible repairing actions (using Source and Taegs) svere generated. For
most of these missing is-a relations the Source and Targetveee small, although for
some there were too many elements in the set to provide fat ggoalization. For all
these missing is-a relations the repairing constitutedidfrag the missing is-a relations
themselves (Figure 7 column 'RepOSE’). In all but three sakés is what RepOSE
recommended based on external knowledge from WordNet andSJM 3 cases the
system recommended to add other is-a relations, that wereomsidered correct by
the domain experts (and thus wrong or based on a differem @feghe domain in the
external domain knowledge).

After this repairing, we detected one new CMI in MeSH. Thiswalidated as a
wrong is-a relation and resulted in the removal of one morepimy (see Figure 6
column ‘final alignment RepOSE’ last row).

Discussion. Generally, detecting defects in ontologies without thepsupof a dedi-
cated system is cumbersome and unreliable. In the caseexih this paper RepOSE
clearly provided a necessary support. Further, visuatiaif the justifications of pos-
sible defects was very helpful to have at hand as well as angralisplay of the possi-
ble defects within their contexts in the ontologies addrdsMoreover, RepOSE stored
information about all changes made and their consequerce®lhas the remaining
defects needing amendment.

As the set of CMIs was relatively small, it was possible fomddan experts to per-
form a manual repair. They could focus on the pieces of Toglogy that were related
to the missing and wrong is-a relations. This allowed us togare results of manual
repair with those of repairment using RepOSE.

Regarding the changes in the alignment, for 11 term paimdm@ping was removed
or changed in both approaches. For 2 term pairs the manusdagpchanged an is-a
relation into an equivalence and for 2 other term pairs anrislation was changed into
a wrong relation. These changes were not logically derésabt could not be found by
RepOSE. For 3 of these term pairs the change came after thainlexperts realized
(using the justifications of the CMIs) thatetabolismin MeSH has a different mean-
ing thanmetabolisnin ToxOntology. For 1 term pair (one but last row in Figure & t
equivalence mapping was changed into wrong by the domaieresvhile using Re-
pOSE it was changed into an is-a relation. In the final aligmititee RepOSE result was
used. Further, through a second round of detection, usip@BE& an additional wrong
mapping was detected and repaired, which was not found im#reial approach.

Regarding the addition of is-a relations to ToxOntologg ttomain experts added
one more is-a relation in the manual approach than in theoapprusing RepOSE. It
could not be logically derived thasthma— respiratory toxicitywas missing, but it
was added by the domain experts in analogy to the repairirapofher missing is-a
relation.



In some cases, when using RepOSE, the justification for dngigsa relation was
removed after a wrong is-a relation was repaired by remoaingapping. For instance,
after removingmetabolism (ToxicOntology) metabolism (MeSH}here was no more
justification for the missing is-a relatidrydrolysis— metabolismHowever, an advan-
tage of RepOSE is that once a relation is validated as misRi@gOSE requires that it
will be repaired and thus, this knowledge will be added, evéthout a justification.

Another advantage of RepOSE is that, for repairing a wrorarislation, it allows
to remove multiple is-a relations and mappings in the justifon, even though it may
be sufficient to remove one. This was used, for instance gmepair of the wrong is-a
relation phototoxicity— photosensitisatioin ToxOntology wheregphotosensitisation
= photosensitivity disorderandphototoxicity= dermatitis phototoxievere removed.
Further, the repairing of one defect can lead to other defeeing repaired. For in-
stance, the removal of these two mappings also repairedribregvis-a relatiorphoto-
sensitivity disorders— dermatitis phototoxién MeSH. In general, RepOSE facilitates
the computation and understanding of the consequencepaifirgy actions.

Interestingly, in this use case only mappings were remowedgair wrong is-a re-
lations. This indicates that the ontology developers maihe is-a structure decently.
This kind of repair is not, however, a consistent outcome:.ifstance, in the exper-
iment outlined in [11] involving debugging two ontologiesdatheir alignment from
the Anatomy track in OAEI 2010 (Adult Mouse Anatomy DictiopgdAMA) and the
NCI Thesaurus anatomy (NCI-A), 14 is-a relations were rezddvom AMA and 11
from NCI-A, as well as 5 mappings. Further, in this use cabmasing is-a relations
were repaired by adding the missing is-a relations theraseln the experiment in [11]
in 27 cases in AMA and 11 cases in NCI-A a missing is-a relatias repaired us-
ing a more informative repairing action, thereby adding h@eowledge that was not
derivable from the ontologies and their alignment.

An identified constraint of RepOSE pertains to the fact thiatirg and removing
is-a relations and mappings not appearing in the computtio RepOSE can be a
demanding undertaking. Currently, these changes needdoruicted in the ontology
files, but it would be useful to allow a user to do this via theteyn. For instance, it
would have been useful to addthma— respiratory toxicityvia RepOSE.

3.3 Debugging using non-validated alignment

In the previous subsection the validated alignment was asethput. As a domain
expert validated the mappings, they could be consideredgbf duality, although we
showed that defects in the mappings were detected. In thisestion we perform an
experiment with a non-validated alignment; we use the 41pimgpsuggestions with
a similarity value higher than or equal to 0.8 and use theriallyi as equivalence
mapping<

Using RepOSE (in 2 iterations) 16 non-redundant CMIs (27tal}, were com-
puted for ToxOntology of which 6 were also computed in theutdgling session de-
scribed in 3.2. For MeSH 6 non-redundant CMiIs (10 in totaljexaomputed of which

5 From the validation we know that these actually contain 29 equivalenceingsp is-a map-
pings between a ToxOntology term and a MeSH term, 2 is-a mappings lreandeSH term
and a ToxOntology term, 1 related term mapping and 7 wrong mappings.



2 were also computed earlier. As expected, the newly cordpOiIs were all vali-
dated as wrong is-a relations and their computation wasat réswrong mappings.
During the repairing 5 of the 7 wrong mappings were removed, 2 initial map-
pings were changed into is-a mappings. RepOSE can thus pfihial the validation
of non-validated alignments - a domain expert will be ablddtect and remove wrong
mappings that lead to the logical derivation of wrong istatiens, but wrong mappings
that do not lead to logical derivation of wrong is-a relaipmay not be found.

4 Conclusion

In this paper we presented an experience report on the diglgugfy ToxOntology,
MeSH and an alignment. We showed the usefulness of RepOSe&téctihg and re-
pairing the structure of the ontologies and the alignment.

RepOSE is a logic-based debugging systamd detects defects based on logically
derivable missing or wrong structure and mappings. In tieréy we will investigate
the integration of other detection approaches into Rep@&#o, we will facilitate the
adding and removing is-a relations and mappings that docmitran the computation
of the system. Finally, we will investigate the integratmRepOSE with SAMBO.
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