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Abstract There are lots of question-based data elements
from the pharmacogenomics research network (PGRN)
studies. Many data elements contain temporal information.
To semantically represent these elements so that they can be
machine processiable is a challenging problem for the fol-
lowing reasons: (1) the designers of these studies usually do
not have the knowledge of any computer modeling and
query languages, so that the original data elements usually
are represented in spreadsheets in human languages; and (2)
the time aspects in these data elements can be too complex
to be represented faithfully in a machine-understandable
way. In this paper, we introduce our efforts on representing
these data elements using semantic web technologies. We
have developed an ontology, CNTRO, for representing clin-
ical events and their temporal relations in the web ontology
language (OWL). Here we use CNTRO to represent the time
aspects in the data elements. We have evaluated 720 time-
related data elements from PGRN studies. We adapted and
extended the knowledge representation requirements for
EliXR-TIME to categorize our data elements. A CNTRO-
based SPARQL query builder has been developed to cus-
tomize users’ own SPARQL queries for each knowledge
representation requirement. The SPARQL query builder
has been evaluated with a simulated EHR triple store to
ensure its functionalities.
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Introduction

Pharmacogenomics deals with the influence of genetic var-
iation on drug response in patients by correlating gene
expression or single-nucleotide polymorphisms with a
drug’s efficacy or toxicity [1]. The Pharmacogenomics Re-
search Network (PGRN [2]) is a collaborative partnership of
research groups funded by the U.S. National Institutes of
Health to investigate pharmacogenomics studies. Huge vol-
ume of pharmacogenomics data including a large portion of
time related data elements is accumulated across this net-
work. We presented the study of harmonization and seman-
tic annotation of the pharmacogenomics data from PGRN
network previously [3], but we have not yet focused the
associated temporal issues.

Temporal information is very important in pharmacoge-
nomics studies. For example, investigators need to track
patients’ medical history in order to find the drug effects
for genetic variations during a specific time frame. There-
fore, there is an urgent need to capture the temporal infor-
mation not only for the purpose of representing these data
elements in a standard way for interoperability and reuse,
but also for querying and retrieving the corresponding pa-
tient data matches these data elements from electronic health
records (EHRs).

Representing and querying time-related data from EHR,
however, is not an easy task due to the following reasons:
(1) the time aspects in EHR data is often embedded in
clinical narratives, which is not usually machine queriable;
(2) useful temporal relations of clinical events sometimes
were not stated explicitly in the original documents, but
rather need to inferred, and (3) the designers of pharmaco-
genomics studies usually do not have the knowledge of any
computer modeling and query languages, so that the original
data elements usually are represented in spreadsheets in
human languages, which are not machine executable with-
out further processing.
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We propose a semantic web based approach for repre-
senting the time-related data elements in PGRN studies. Our
previous research has been focusing on the first two chal-
lenges mentioned in the previous paragraph. We have de-
veloped the Clinical Narrative Temporal Relation Ontology
(CNTRO) [4] to semantically represent clinical events, their
time features, and temporal relationships, so that they can be
machine queriable. Based on CNTRO, we have also imple-
mented a reasoning framework, which can automatically
infer new temporal relations, durations, and time stamps
from clinical data [5]. Our preliminary evaluation results
indicate that the CNTRO-based technique can successfully
represent and infer temporal information.

In this paper, we focus the third challenge. We developed
an ontology-driven SPARQL query builder to automatically
represent queries for the question-based temporal data ele-
ments with respect to CNTRO. We classified the pharmaco-
genomics temporal data elements into eight pre-defined
knowledge representation categories. The automatically
generated queries for the first four categories were applied
to a simulated RDF triple store with patient data. The
evaluation results indicated that the system can successfully
represent the questions in SPARQL queries.

Method

Figure 1 shows the system overview. The whole system is
built on the top of the PGRN standardized pharmacogenom-
ics data. We plan to build a Graphical User Interface (GUI),
which can help end users to normalize their data elements in
the PGRN standardized representations. It will take time-
related data elements from the PRGN clinical studies and
domain ontologies (in our case, CNTRO) and call the
SPARQL query builder to compose SPARQL queries that

represent the question-based data elements with respect
to the ontologies. We will then run the SPARQL queries
to our EHR data in RDF triple stores. If the answers of
the queries can be retrieved from the triple stores, we
will return the answers to the study specialists. In this
paper, we focus on the steps in the big green rounded
rectangle in Fig. 1, where users can compose question-
based data elements using our GUI and translate them
to SPARQL queries.

Temporal data elements extraction

We have collected more than 4,000 individual data elements
arising from study questionnaires from 8 PGRN groups. To
extract time-related data elements, we utilized the NCBO
(National Center for Biomedical Ontology) BioPortal REST
services (http://www.bioontology.org/wiki/index.php/Bio
Portal REST services) to semantically annotate the words/
phrases decomposed from the individual data elements by
semantic types [6]. More details about such annotation were
presented in our previous paper [7]. For this study, we
extracted the 720 data elements with temporal semantic type
“Temporal Concept” assigned.

Temporal questions categories

The 720 time-related data elements selected from the PGRN
studies have been evaluated and classified into 8 knowledge
representation categories as Table 1 shows. We adapted and
extended the knowledge representation requirements for
EliXR-TIME [8] to categorize our questions. The first 2
categories are proposed by us and the last 6 categories are
from EliXR-TIME. Each of the 720 data elements we eval-
uated can be classified to one or more knowledge represen-
tation categories.

Fig. 1 System overview
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Table 1 Classification of temporal knowledge categories

Temporal knowledge representation categories

Example

Time point
Time intervals (start time, end time, or duration of an event)

Temporal patterns
Temporal relations
Comparison operators
Conjunction

Combinatory temporal expressions that modify a single Event or Anchor

Recursive or hierarchical representation of complex temporal expressions

Age hypertension diagnosed; Date Complete Blood count collected

Date of last antihypertensives

Beginning home blood pressure date

Drink at least 1 per week

After, before, during, within, onset, until.

irritable mood lasting at least 1 week

And, or

Do you smoke more frequently during the first hours after waking
than during the rest of the day

How many symptoms have been present during the same 2-week
period within the last hospitalization

OWL representation

Our next step is to check if we can represent the EHR data that
potentially contains the corresponding data that matches the
data elements in each knowledge representation category. In
our study, we use CNTRO for modeling the time aspects on
the instance level [4]. CNTRO is an OWL ontology designed
for modeling the temporal information and relations found
both in structured databases and in native language-based
clinical reports. It can represent clinical events, temporal
expressions (such as time instants, time intervals, repeated
time periods, and durations), different levels of temporal gran-
ularity (such as minute, hour, day, month, year), temporal
relationships (adopted from Allen’s temporal algebra [9], such
as before, after, equal), and time uncertainties.

We have evaluated CNTRO using real-world clinical
notes and our preliminary results indicated that CNTRO
can faithfully represent most of the time-related information
from clinical notes [4]. From this previous study, we have
verified that CNTRO is able to represent (1) time points; (2)
time intervals; (3) temporal patterns; and (4) temporal rela-
tions. CNTRO does not focus on the representation of
comparison operators and conjunctions, but they can be
handled by either downstream tools or any rule-based lan-
guage such as SWRL [10]. We have not focused on “com-
binatory temporal expressions” and “recursive or
hierarchical representation” categories for the CNTRO

evaluation. We believe most cases in these categories can
be covered by the RDF linked-data approach using which
we can integrate different time aspects for the same events
easily.

SPARQL query builder

The prerequisite of our application is that the time aspects of
the data elements and corresponding patient data are both
represented with respect to the CNTRO ontology. Our pre-
vious research has already indicated that the CNTRO is
capable of representing the time aspect in EHR data [4]. If
the question-based data elements can be represented in
SPARQL queries using the properties and classes defined
by CNTRO, we can query the EHR data directly.

SPARQL is a complex language. Without any appropriate
knowledge, it is not easy for the users to compose their own
SPARQL queries. To help users ask time-related questions to
SPARQL, we implemented a SPARQL Query Builder, which
was adapted and extended from our previous work [11].

The SPARQL query builder was built on top of a Sesame
triple store [12]. Starting with a central subject (e.g., a partic-
ular event), a user can add data properties and object proper-
ties associated with the subject through the GUI prompted
drop-down boxes which are generated dynamically using the
ontology definitions. The GUI only allows users to select
properties that are directly related to the subject based on the

Fig. 2 OWL representation for
the PGRN question

<owl:NamedIndividual rdf:about="&informatics;CNTRO# hypertension_diagnosed">
<rdf:type rdf:resource="&informatics;CNTRO#Event"/>
<rdfs:label>hypertension_diagnosed</rdfs:label>
<hasEventName>hypertension_diagnosed</hasEventName>
<eventforpatient rdf:resource="&informatics;CNTRO  #patientl"/>
<hasValidTime rdf:resource="&informatics;CNTRO#ts1"/>
</owl:NamedIndividual>
<owl:NamedIndividual rdf:about="&informatics;CNTRO#ts1">
<rdf:type rdf:resource="&informatics;CNTRO#Timelnstant"/>
<rdfs:label>ts1</r dfs:label>
<hasOrigTime>06 -01-2006</hasOrigTime>
</owl:NamedIndividual>
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Fig. 3 An example of
SPARQL query composed by
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E‘h:.-pememuon_ iagn - | asValidTime |

Generate Query

WHERE{

PREFIX rdfs: <hcep://www.w3.org/2000/01/rdf-schemad>
PREFIX rdf: <http://www.w3.org/1998/02/22-rdf-syntax-nsé>
PREFIX CHTRO: <http://informatics.mayo.edu/CNIRO#>

SELECT distinct ?question

7Eventl rdf:type CNIRO:Event .

?Eventl rdfs:label ?"hypertension diagnosed™l .
?"hypertension_diagnosed”l rdf:type “hypertension_diagnosed™ .
?"hypertension_diagnosed®l CNIRO:hasValidTime ?TimelInstancl .
?TimeInstantl rdf:type CNIRO:TimeInstant .

?TimeInstantl CNTRO:hasOrigTime 2question .}

domain and range definitions of the properties. Similarly, after
a property has been chosen, the GUI will allow the users to
choose those objects that are related to the property (i.e., those
classes that are defined as the range of the property). Step by
step, the SPARQL query builder provides an intuitive way to
translate a user question into a graph pattern, and then encode
it into a SPARQL query. The whole query building process is
done dynamically based on the back end ontology. In our case,
the CNTRO ontology was loaded into the SPARQL query
builder. The detailed examples with SPARQL query builder
are shown in “Implementation Result” section.

Implementation result

We implemented and evaluated the query builder based on the
KR categories. In this paper, we focused on the first 4

temporal knowledge representation categories in Table 1.
We have evaluated the system using a simulated EHR data
triple store that covers scenarios in the first 4 categories. Here
we use two examples to illustrate how the system works.
“Year hypertension diagnosed” is one PGRN temporal
question-based data element belonging to the first knowledge
representation category. For one particular patient, the relevant
answer extracted from the EHR is “06-01-2006”. The
CNTRO representation for this data element, along with the
answer is shown in Fig. 2. The interface of the SPARQL query
builder is shown in Fig. 3. As we can see in Fig. 2, starting
from the central subject Event, we want to find the time of the
event that has the label “hypertension_diagnosed”. The query
builder leads the user step by step until the original time can be
retrieved. After the selection has been made, the SPARQL
query will be assembled by clicking the “Generate Query”
button. The query result “06-01-2006” can then be retrieved.

Fig. 4 The second example of Subject

SPARQL query composed by

SPARQL query builder [CHIRC:Event.

v | Delete

~ | rdisiabel

NTRO:PeriodicTimelnterval

[ Delete

PREFIX rdfs: <htop://www.w3.org/2000/01/rdf-schemad>
PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-nsé>
PREFIX CNIRO: <http://informatics.mayo.edu/CNIRO#>

SELECT distinct ?question

2Eventl rdf:type CNIRO:Event .

?Eventl rdfs:label "smoke™ .

7Eventl CNIRO:hasValidTlime ?PeriodicTimelntervall .
?PeriodicTimeIntervall rdf:type CNIRO:PeriodicTimelInterval .
?PeriodicTimeIntervall CNIRO:hasFrequency ?Frequencyl .
?Frequencyl rdf:ctype CNIRO:Frequency .

?Frequencyl CNIRO:nominator ?question .}

| CNTROhasvalidTime  + [ Delete
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Figure 4 demonstrates how to compose a query in the
third category (“Temporal Patterns”). The example we use
here is “how many cigarettes did you smoke per day?” For
one particular patient, we can retrieve the answer “3” from
the Sesame triple store. The system can retrieve the frequen-
cy of a particular event by linking from the CNTRO Period-
icTimelnterval class. As we can see, here the central object
is an Event with label “smoke”. Since we are interested in
the frequency, we will need to find the PeriodicTimelnterval
for the event. Then step by step, the query builder will help
the users to find the nominator of the frequency.

The query building processes for the second and fourth
knowledge representation categories (“Time Interval” and
“Temporal Relations) are similar to the above examples;
therefore, we do not use separate examples to illustrate
them. For the “Time Interval” category, we can build queries
to retrieve the start time, end time, and duration of a partic-
ular event. For the “Temporal relations” category, we can
build queries to retrieve the events that have a particular
temporal relation with a given event, for example, “what
happened during hospitalization”.

Related work

The SPARQL query builder we introduced in this paper is
an ontology driven query composer. This query builder is
also fully adopted by the VIVO system, which is an
ontology-based research discovery platform that hosts infor-
mation about scientists, their interests, activities, and accom-
plishments [13]. Here provide further comparison of our
query builder to other well-known SPARQL query building
systems.

DistilBio [14] is a query interface that facilitates users to
ask large and complex questions in a simplified way across
data sets through a graph model. SPARQL assist [15] is
another tool provides context-sensitive type-ahead comple-
tion during SPARQL query construction. iSPARQL [16]
provides a user friendly interface and functions to view
predefined SPARQL queries as graph models and lets users
be able to review the corresponding properties about relat-
ed nodes and edges. All of these systems including ours are
aiming to facilitate users to compose SPARQL queries
without any knowledge of semantic web technologies.
One advantage of our SPARQL query builder is that it is
built on top of ontologies, so that all the predicates and
their object classes and subject classes are predefined. The
query builder interface can therefore dynamically load the
triples step by step based on the ontology definitions.
Thus, end users can easily pick up the relations from the
dynamically generated pick list provided from our SPARQL
query builder GUI to customize their own SPARQL queries
successfully.

Conclusions and future work

This paper introduces our preliminary work on representing
time-related question-based data elements from PGRN us-
ing semantic web technologies. We have successfully cate-
gorized the pharmacogenomics data elements from PGRN
network into 8 knowledge representation categories and
utilized our SPARQL query builder to compose SPARQL
queries and retrieve the corresponding patient data from a
simulated EHR triple store.

Several directions remain to be explored in the future.
With the current SPARQL query builder, users must select
one central subject (e.g., a particular event) to start with.
When a data element involves multiple temporal events, or
multiple temporal features about a single event, however,
the data element has to be decomposed to multiple sub-
queries. For example, “how many abnormal blood pressure
measurements within 2 months after taking anti-
hypertensive drug” contains three sub-queries: “when was
the anti-hypertension drug taken”; “when were the abnormal
blood pressure measurements taken”; “the duration in be-
tween”. Our system can successfully build queries for these
questions. Our next step is to implement a downstream
pipeline which can combine the answers retrieved and even-
tually answer the questions asked. This functionality will
also facilitate building queries from the last four knowledge
representation categories. In addition, the current SPARQL
query builder is only designed for questions about subjects
and objects. Another future direction is to improve the GUI,
so that the end users can retrieve information about predi-
cates. Finally, we would like to connect our system to the
Strategic Health IT Advanced Research Projects, Area 4
(SHARPn.org), so that we can retrieve answers from real
patient data.
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