
5Semantic Processing

Abstract

In the previous chapter we were able to auto-
matically process text by recognizing a limited
set of entities. This chapter will introduce the
world of semantics, and present step-by-step
examples to retrieve and enhance text and data
processing by using semantics. The goal is to
equip the reader with the basic set of skills to
explore semantic resources that are nowadays
available using simple shell script commands.
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Classes

In the previous chapters we searched for men-
tions of caffeine and malignant hyperthermia in
text. However, we may miss related entities that
may also be of our interest. These related entities
can be found in semantic resources, such as on-
tologies. The semantics of caffeine and malignant
hyperthermia are represented in ChEBI and DO
ontologies, respectively.

OWL Files

Thus, we can start by retrieving both ontologies,
i.e. their OWL files.

$ curl -O 'https://raw.
githubusercontent.com/
DiseaseOntology/
HumanDiseaseOntology/
master/src/ontology/
releases/2018-11-02/doid.
owl'

$ curl -O 'ftp://ftp.ebi.ac.uk/
pub/databases/chebi/
archive/rel169/ontology/
chebi_lite.owl'

The -O option saves the content to a local file
named according to the name of the remote file,
usually the last part of the URL. The equivalent
long form to the -O option is --remote-name.

The previous commands will create the files
chebi_lite.owl and doid.owl, respectively. We
should note that these links are for the specific
releases used in this book. Using another release
may change the output of the examples presented
in this chapter.

The links may also change in the future, so
we may need to check them on the BioPortal1 or

1http://bioportal.bioontology.org/
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on the OBO Foundry2 webpages. Alternatively,
we can also get the OWL files from the book file
archive3.

Class Label

Both OWL files use the XML format syntax.
Thus, to check if our entities are represented in
the ontology, we can search for ontology ele-
ments that contain them using a simple grep
command:

$ grep '>malignant hyperthermia
<' doid.owl

$ grep '>caffeine<' chebi_lite.
owl

For each grep the output will be the line that
describes the property label (rdfs:label), which is
inside the definition of the class that represents
the entity:

<rdfs:label rdf:datatype="http:
//www.w3.org/2001/XMLSchema#
string">malignant
hyperthermia</rdfs:label>

<rdfs:label rdf:datatype="http:
//www.w3.org/2001/XMLSchema#
string">caffeine</rdfs:label>

Class Definition

To retrieve the full class definition, a more effi-
cient approach is to use the xmllint command,
which we already used in previous chapters:

$ xmllint --xpath "//*[local-
name()='label' and text()
='malignant hyperthermia
']/.." doid.owl

The XPath query starts by finding the label that
contains malignant hyperthermia and then ..
gives the parent element, in this case the Class
element.

2http://www.obofoundry.org/
3http://labs.rd.ciencias.ulisboa.pt/book/

From the output we can see that the semantics
of malignant hyperthermia is much more than its
label:

<owl:Class rdf:about="http://
purl.obolibrary.org/obo/
DOID_8545">

<rdfs:subClassOf
rdf:resource="http://
purl.obolibrary.org/obo
/DOID_0050736"/>

<rdfs:subClassOf
rdf:resource="http://
purl.obolibrary.org/obo
/DOID_66"/>

<rdfs:subClassOf>
<owl:Restriction>

<owl:onProperty
rdf:resource="
http://purl.
obolibrary.org/
obo/IDO_0000664"/
>

<owl:someValuesFrom
rdf:resource="
http://purl.
obolibrary.org/
obo/GENO_0000147"
/>

</owl:Restriction>
</rdfs:subClassOf>
<obo:IAO_0000115
...
<oboInOwl:hasDbXref

rdf:datatype="http://
www.w3.org/2001/
XMLSchema#string">
UMLS_CUI:C0024591</
oboInOwl:hasDbXref>

<oboInOwl:hasExactSynonym
rdf:datatype="http://
www.w3.org/2001/
XMLSchema#string">
anesthesia related
hyperthermia</
oboInOwl:hasExactSynonym
>

<oboInOwl:hasExactSynonym
rdf:datatype="http://

http://www.obofoundry.org/
http://labs.rd.ciencias.ulisboa.pt/book/
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www.w3.org/2001/
XMLSchema#string">
malignant hyperpyrexia
due to anesthesia</
oboInOwl:hasExactSynonym
>

<oboInOwl:hasOBONamespace
rdf:datatype="http://
www.w3.org/2001/
XMLSchema#string">
disease_ontology</
oboInOwl:hasOBONamespace
>

<oboInOwl:id rdf:datatype=
"http://www.w3.org
/2001/XMLSchema#string"
>DOID:8545</oboInOwl:id
>

<oboInOwl:inSubset
rdf:resource="http://
purl.obolibrary.org/obo
/doid#DO_MGI_slim"/>

<oboInOwl:inSubset
rdf:resource="http://

purl.obolibrary.org/obo
/doid#DO_rare_slim"/>

<oboInOwl:inSubset
rdf:resource="http://
purl.obolibrary.org/obo
/doid#NCIthesaurus"/>

<rdfs:comment rdf:datatype
="http://www.w3.org
/2001/XMLSchema#string"
>Xref MGI.

OMIM mapping confirmed by DO. [
SN].</rdfs:comment>

<rdfs:label rdf:datatype="
http://www.w3.org/2001/
XMLSchema#string">
malignant hyperthermia<
/rdfs:label>

</owl:Class>

A graphical visualization of this class is de-
picted in Fig. 5.1.

For example, we can check that malignant
hyperthermia is a subclass of (specialization) the
entries 0050736 and 66. We can directly use the

Fig. 5.1 Class description of malignant hyperthermia in the Human Disease Ontology (Source: http://www.ontobee.
org/)

http://www.ontobee.org/
http://www.ontobee.org/
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link4 in our browser to know more about this
parent disease. We will see that it represents a
muscle tissue disease. This means that malignant
hyperthermia is a special case of a muscle tissue
disease.

We can do the same to retrieve the full class
definition of caffeine:

$ xmllint --xpath "//*[local-
name()='label' and text()
='caffeine']/.."
chebi_lite.owl

From the output we can see that the types of
semantics available for caffeine differs from the
semantics of malignant hyperthermia, but they
still share many important properties, such as the
definition of subClassOf:

<owl:Class rdf:about="http://
purl.obolibrary.org/obo/
CHEBI_27732">

<rdfs:subClassOf
rdf:resource="http://
purl.obolibrary.org/obo
/CHEBI_26385"/>

<rdfs:subClassOf
rdf:resource="http://
purl.obolibrary.org/obo
/CHEBI_27134"/>

<rdfs:subClassOf>
<owl:Restriction>

<owl:onProperty
rdf:resource="
http://purl.
obolibrary.org/
obo/RO_0000087"/>

<owl:someValuesFrom
rdf:resource="
http://purl.
obolibrary.org/
obo/CHEBI_25435"/
>

</owl:Restriction>
</rdfs:subClassOf>
...
<rdfs:subClassOf>

<owl:Restriction>

4http://purl.obolibrary.org/obo/DOID_66

<owl:onProperty
rdf:resource="http:
//purl.obolibrary.
org/obo/RO_0000087"/
>
<owl:someValuesFrom

rdf:resource="
http://purl.
obolibrary.org/
obo/CHEBI_85234"/
>

</owl:Restriction>
</rdfs:subClassOf>
<obo:IAO_0000115

rdf:datatype="http://
www.w3.org/2001/
XMLSchema#string">A
trimethylxanthine in
which the three methyl
groups are located at
positions 1, 3, and 7.
A purine alkaloid that
occurs naturally in tea
and coffee.</
obo:IAO_0000115>

<oboInOwl:hasAlternativeId
rdf:datatype="http://
www.w3.org/2001/XML
Schema#string">CHEBI:
22982</oboInOwl:has
AlternativeId>

<oboInOwl:hasAlternativeId
rdf:datatype="http://
www.w3.org/2001/
XMLSchema#string">
CHEBI:3295</oboInOwl:
hasAlternativeId>

<oboInOwl:hasAlternativeId
rdf:datatype="http://
www.w3.org/2001/XML
Schema#string">CHEBI:
41472</oboInOwl:
hasAlternativeId>

<oboInOwl:hasOBONamespace
rdf:datatype="http://
www.w3.org/2001/
XMLSchema#string">

http://purl.obolibrary.org/obo/DOID_66
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chebi_ontology</
oboInOwl:hasOBONamespace
>

<oboInOwl:id rdf:datatype=
"http://www.w3.org
/2001/XMLSchema#string"
>CHEBI:27732</
oboInOwl:id>

<oboInOwl:inSubset
rdf:resource="http://
purl.obolibrary.org/obo
/chebi#3_STAR"/>

<rdfs:label rdf:datatype="
http://www.w3.org/2001/
XMLSchema#string">
caffeine</rdfs:label>

</owl:Class>

A graphical visualization of this class is de-
picted in Fig. 5.2.

The class caffeine is a specialization of two
other entries: 26385 (purine alkaloid5), and
27134 (trimethylxanthine6). However, it contains
additional subclass relationships that do not
represent subsumption (is-a).

Related Classes

Figures 5.3 and 5.4 show other related classes
of malignant hyperthermia and caffeine, respec-
tively.

For example, the relationship between caf-
feine and the entry 25435 (mutagen7) is defined
by the entry 0000087 (has role8) of the Relations
Ontology. This means that the relationship de-
fines that caffeine has role mutagen.

We can also search in the OWL file for the
definition of the type of relation has role:

$ xmllint --xpath "//*[local-
name()='ObjectProperty'][@

*[local-name()='about']='
http://purl.obolibrary.org
/obo/RO_0000087']"
chebi_lite.owl

5http://purl.obolibrary.org/obo/CHEBI_26385
6http://purl.obolibrary.org/obo/CHEBI_27134
7http://purl.obolibrary.org/obo/CHEBI_25435
8http://purl.obolibrary.org/obo/RO_0000087

The XPath query starts by finding the elements
ObjectProperty and then selects the ones
containing the about attribute with the relation
URI as value.

We can check that the relation is neither tran-
sitive or cyclic:

<owl:ObjectProperty rdf:about="
http://purl.obolibrary.org/
obo/RO_0000087">

<oboInOwl:hasDbXref
rdf:datatype="http://
www.w3.org/2001/
XMLSchema#string">
RO:0000087</
oboInOwl:hasDbXref>

<oboInOwl:hasOBONamespace
rdf:datatype="http://
www.w3.org/2001/
XMLSchema#string">
chebi_ontology</
oboInOwl:hasOBONamespace
>

<oboInOwl:id rdf:datatype=
"http://www.w3.org
/2001/XMLSchema#string"
>has_role</oboInOwl:id>

<oboInOwl:is_cyclic rdf:
datatype="http://www.w3
.org/2001/XMLSchema#
boolean">false</
oboInOwl:is_cyclic>

<oboInOwl:is_transitive
rdf:datatype="http://
www.w3.org/2001/
XMLSchema#boolean">
false</oboInOwl:
is_transitive>

<oboInOwl:shorthand rdf:
datatype="http://www.w3
.org/2001/XMLSchema#
string">has_role</
oboInOwl:shorthand>

<rdfs:label rdf:datatype="
http://www.w3.org/2001/
XMLSchema#string">has
role</rdfs:label>

</owl:ObjectProperty>

http://purl.obolibrary.org/obo/CHEBI_26385
http://purl.obolibrary.org/obo/CHEBI_27134
http://purl.obolibrary.org/obo/CHEBI_25435
http://purl.obolibrary.org/obo/RO_0000087
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Fig. 5.2 Class description of caffeine in ChEBI (Source: http://www.ontobee.org/)

Fig. 5.3 Related classes of malignant hyperthermia in the Human Disease Ontology (Source: http://www.ontobee.
org/)

A graphical visualization of this property is
depicted in Fig. 5.5.

URIs and Labels

In the previous examples, we searched the OWL
file using labels and URIs. To standardize the
process, we will create two scripts that will con-
vert a label into a URI and vice-versa. The idea
is to perform all the internal ontology processing
using the URIs and in the end convert them to
labels, so we can use them in text processing.

URI of a Label

To get the URI of malignant hyperthermia, we
can use the following query:

$ xmllint --xpath "//*[local-
name()='label' and text()
='malignant hyperthermia
']/../@*[local-name()='
about']" doid.owl

We added the @*[local-name()='about
'] to extract the URI specified as an attribute of
that class.

The output will be the name of the attribute
and its value:

http://www.ontobee.org/
http://www.ontobee.org/
http://www.ontobee.org/
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Fig. 5.4 Related classes of caffeine in ChEBI (Source: http://www.ontobee.org/)

Fig. 5.5 Description of has role property (Source: http://www.ontobee.org/)

rdf:about="http://purl.
obolibrary.org/obo/DOID_8545"

To extract only the value, we can add the
string function to the XPath query:

$ xmllint --xpath "string(//*[
local-name()='label' and
text()='malignant
hyperthermia']/../@*[local
-name()='about'])" doid.
owl

Unfortunately, the string function returns only
one attribute value, even if many are matched.
Nonetheless, we use the string function be-
cause we assume that malignant hyperthermia is
an unambiguous label, i.e. only one class will
match.

The output will now be only the attribute
value:

http://purl.obolibrary.org/obo/
DOID_8545

To get the URI of caffeine is just about the
same command:

$ xmllint --xpath "string(//*[
local-name()='label' and
text()='caffeine']/../@*[
local-name()='about'])"
chebi_lite.owl

We can now write a script that receives mul-
tiple labels given as standard input and the OWL
file where to find the URIs as argument. Thus,
we can create the script named geturi.sh with the
following lines:

1 OWLFILE=$1
2 xargs -I {} xmllint --xpath

"//*[local-name()='label'
and

3 text()='{}']/../@*[local-
name

4 ()='about']" $OWLFILE | \
5 tr '"' '\n' | grep 'http'

Again we cannot forget to save the file in our
working directory, and add the right permissions
using chmod as we did with our scripts in the
previous chapters. The xargs command is used
to process each line of the standard input. The tr

http://www.ontobee.org/
http://www.ontobee.org/
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command was added because xmllint displays
all the matches in the same line, so we split the
output using the character delimiting the URI, i.e.
". Then we use the grep command to keep only
the lines with a URI, i.e. the ones that contain the
term http.

Now to execute the script we only need to
provide the labels as standard input:

$ echo 'malignant hyperthermia'
| ./geturi.sh doid.owl

$ echo 'caffeine' | ./geturi.sh
chebi_lite.owl

The output should be the URIs of those
classes:

http://purl.obolibrary.org/obo/
DOID_8545

http://purl.obolibrary.org/obo/
CHEBI_27732

We can also execute the script using multiple
labels, one per line:

$ echo -e 'malignant
hyperthermia\nmuscle
tissue disease' | ./geturi
.sh doid.owl

$ echo -e 'caffeine\npurine
alkaloid\
ntrimethylxanthine' | ./
geturi.sh chebi_lite.owl

The output will be a URI for each label:

http://purl.obolibrary.org/obo/
DOID_8545

http://purl.obolibrary.org/obo/
DOID_66

http://purl.obolibrary.org/obo/
CHEBI_27732

http://purl.obolibrary.org/obo/
CHEBI_26385

http://purl.obolibrary.org/obo/
CHEBI_27134

Label of a URI

To get the label of the disease entry with the
identifier 8545, we can also use the xmllint
command:

$ xmllint --xpath "//*[local-
name()='Class'][@*[local-
name()='about']='http://
purl.obolibrary.org/obo/
DOID_8545']/*[local-name()
='label']/text()" doid.owl

We added the @*[local-name()='label
'] to select the element within the class that
describes the label.

The output should be the label we were ex-
pecting:

malignant hyperthermia

We can do the same to get the label of the
compound entry with the identifier 27732:

$ xmllint --xpath "//*[local-
name()='Class'][@*[local-
name()='about']='http://
purl.obolibrary.org/obo/
CHEBI_27732']/*[local-name
()='label']/text()"
chebi_lite.owl

Again, the output should be the label we were
expecting:

caffeine

We can now write a script that receives mul-
tiple URIs given as standard input and the OWL
file where to find the labels. We can create a script
named getlabels.sh with the following lines:

1 OWLFILE=$1
2 xargs -I {} xmllint --xpath

"//*[local-name()='Class
'][@*[local-name()='about
']='{}']/*[local-name()='
label']" $OWLFILE | \

3 tr '<>' '\n' | \
4 grep -v -e ':label' -e '^$'

The xargs command is used to process each
line of the standard input. The text function
does not add a newline character after each
match, so if we have multiple matches is almost
impossible to separate them. This explains why
we removed the text function from the XPath.
Then we have to split the result in multiple lines
using the tr command and filtering the lines that
contain the :label keyword or are empty.
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Now to execute the script we only need to
provide the URIs as standard input:

$ echo 'http://purl.obolibrary.
org/obo/DOID_8545' | ./
getlabels.sh doid.owl

$ echo 'http://purl.obolibrary.
org/obo/CHEBI_27732' | ./
getlabels.sh chebi_lite.
owl

The output should be the labels of those
classes:

malignant hyperthermia
caffeine

We can also execute the script with multiple
URIs:

$ echo -e 'http://purl.
obolibrary.org/obo/
DOID_8545\nhttp://purl.
obolibrary.org/obo/DOID_66
' | ./getlabels.sh doid.
owl

$ echo -e 'http://purl.
obolibrary.org/obo/
CHEBI_27732\nhttp://purl.
obolibrary.org/obo/
CHEBI_26385\nhttp://purl.
obolibrary.org/obo/

$ CHEBI_27134' | ./getlabels.
sh

$ chebi_lite.owl

The output will be a label for each URI:

malignant hyperthermia
muscle tissue disease

caffeine
purine alkaloid
trimethylxanthine

To test both scripts, we can feed the output of
one as the input of the other, for example:

$ echo -e 'malignant
hyperthermia\nmuscle
tissue disease' | ./geturi
.sh doid.owl | ./getlabels
.sh doid.owl

$ echo -e 'caffeine\npurine
alkaloid\
ntrimethylxanthine' | ./
geturi.sh chebi_lite.owl

| ./getlabels.sh chebi_lite.owl

The output will be the original input, i.e. the
labels given as arguments to the echo command:

malignant hyperthermia
muscle tissue disease

caffeine
purine alkaloid
trimethylxanthine

Now we can use the URIs as input:

$ echo -e 'http://purl.
obolibrary.org/obo/
DOID_8545\nhttp://purl.
obolibrary.org/obo/DOID_66
' | ./getlabels.sh doid.
owl | ./geturi.sh doid.owl

$ echo -e 'http://purl.
obolibrary.org/obo/
CHEBI_27732\nhttp://purl.
obolibrary.org/obo/
CHEBI_26385\nhttp://purl.
obolibrary.org/obo/
CHEBI_27134' | ./getlabels
.sh

chebi_lite.owl | ./geturi.
sh

chebi_lite.owl

Again the output will be the original input,
i.e. the URIs given as arguments to the echo
command:

http://purl.obolibrary.org/obo/
DOID_8545

http://purl.obolibrary.org/obo/
DOID_66

http://purl.obolibrary.org/obo/
CHEBI_27732

http://purl.obolibrary.org/obo/
CHEBI_26385

http://purl.obolibrary.org/obo/
CHEBI_27134
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Synonyms

Concepts are not always mentioned using the
same official label. Frequently, we can find
in text alternative labels. This is why some
of the classes also specify alternative labels,
such as the ones represented by the element
hasExactSynonym.

For example, to find all the synonyms of a
disease, we can use the same XPath as used
before but replacing the keyword label by
hasExactSynonym:

$ xmllint --xpath "//*[local-
name()='Class'][@*[local-
name()='about']='http://
purl.obolibrary.org/obo/
DOID_8545']/*[local-name()
='hasExactSynonym']" doid.
owl

The output will be the two synonyms of ma-
lignant hyperthermia:

<oboInOwl:hasExactSynonym
rdf:datatype="http://www.w3.
org/2001/XMLSchema#string">
anesthesia related
hyperthermia</
oboInOwl:hasExactSynonym>

<oboInOwl:hasExactSynonym
rdf:datatype="http://www.w3.
org/2001/XMLSchema#string">
malignant hyperpyrexia due to
anesthesia</oboInOwl:
hasExactSynonym>

We can also get both the primary label and
the synonyms. We only need to add an alternative
match to the keyword label:

1 xmllint --xpath "//*[local-
name()='Class'][@*[local-
name()='about']='http://
purl.obolibrary.org/obo/
DOID_8545']/*[local-name()
='hasExactSynonym' or
local-name()='label']"
doid.owl

The output will include now the two syn-
onyms plus the official label:

<oboInOwl:hasExactSynonym
rdf:datatype="http://www.w3.
org/2001/XMLSchema#string">
anesthesia related
hyperthermia</
oboInOwl:hasExactSynonym>

<oboInOwl:hasExactSynonym
rdf:datatype="http://www.w3.
org/2001/XMLSchema#string">
malignant hyperpyrexia due to
anesthesia</

oboInOwl:hasExactSynonym>
<rdfs:label rdf:datatype="http:

//www.w3.org/2001/XMLSchema#
string">malignant
hyperthermia</rdfs:label>

Thus, we can now update the script getla-
bels.sh to include synonyms:

1 OWLFILE=$1
2 xargs -I {} xmllint --xpath

"//*[local-name()='Class
'][@*[local-name()='about
']='{}']/*[local-name()='
hasExactSynonym' or local-
name()='hasRelatedSynonym'
or local-name()='label']"
$OWLFILE | \

3 tr '<>' '\n' | \
4 grep -v -e ':label' -e ':

hasExactSynonym' -e '
hasRelatedSynonym' -e '^$'

We should note that the XPath query and the
grep command were modified by adding the
hasExactSynonym keyword. We also added
the hasRelatedSynonym which is available
for some classes.

We can test the script exactly in the same way
as before:

$ echo -e 'http://purl.
obolibrary.org/obo/
DOID_8545' | ./getlabels.
sh doid.owl

But now the output will display multiple labels
for this class:

anesthesia related hyperthermia
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malignant hyperpyrexia due to
anesthesia

malignant hyperthermia

URI of Synonyms

Since the script now returns alternative labels,
we may encounter some problems if we send the
output to the geturi.sh script:

$ echo 'http://purl.obolibrary.
org/obo/DOID_8545' | ./
getlabels.sh doid.owl | ./
geturi.sh doid.owl

The previous command will display XPath
warnings for the two synonyms:

XPath set is empty
XPath set is empty
http://purl.obolibrary.org/obo/

DOID_8545

If we do not want to know about these mis-
matches, we can always redirect them to the null
device:

$ echo 'http://purl.obolibrary.
org/obo/DOID_8545' | ./
getlabels.sh doid.owl | ./
geturi.sh doid.owl 2>/dev/
null

However, we can update the script geturi.sh to
also include synonyms:

1 OWLFILE=$1
2 xargs -I {} xmllint --xpath

"//*[(local-name()='
hasExactSynonym' or local-
name()='hasRelatedSynonym'
or local-name()='label')

and text()='{}']/../@*[
local-name()='about']"
$OWLFILE | \

3 tr '"' '\n' | grep 'http'

Now we can execute the same command:

$ echo 'http://purl.obolibrary.
org/obo/DOID_8545' | ./
getlabels.sh doid.owl | ./
geturi.sh doid.owl

Every label should now be matched exactly
with the same class:

http://purl.obolibrary.org/obo/
DOID_8545

http://purl.obolibrary.org/obo/
DOID_8545

http://purl.obolibrary.org/obo/
DOID_8545

If we want to avoid repetitions, we can add the
sort command with the -u option to the end of
each command, as we did in previous chapters:

$ echo 'http://purl.obolibrary.
org/obo/DOID_8545' | ./
getlabels.sh doid.owl | ./
geturi.sh doid.owl | sort
-u

The output should now be only one URI:

http://purl.obolibrary.org/obo/
DOID_8545

Parent Classes

Parent classes represent generalizations that may
also be relevant to recognize in text. To extract all
the parent classes of malignant hyperthermia, we
can use the following XPath query:

$ xmllint --xpath "//*[local-
name()='Class'][@*[local-
name()='about']='http://
purl.obolibrary.org/obo/
DOID_8545']/*[local-name()
='subClassOf']/@*[local-
name()='resource']" doid.
owl

The first part of the XPath is the same as the
above to get the class element, then [local-
name()='subClassOf'] is used to get the
subclass element, and finally @*[local-name
()='resource'] is used to get the attribute
containing its URI.

The output should be the URIs representing
the parents of class 8545:

rdf:resource="http://purl.
obolibrary.org/obo/
DOID_0050736"
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rdf:resource="http://purl.
obolibrary.org/obo/DOID_66"

We can also execute the same command for
caffeine:

$ xmllint --xpath "//*[local-
name()='Class'][@*[local-
name()='about']='http://
purl.obolibrary.org/obo/
CHEBI_27732']/*[local-name
()='subClassOf']/@*[local-
name()='resource']"
chebi_lite.owl

The output will now include two parents:

rdf:resource="http://purl.
obolibrary.org/obo/
CHEBI_26385"

rdf:resource="http://purl.
obolibrary.org/obo/
CHEBI_27134"

We should note that we no longer can use
the string function, because ontologies are
organized as DAGs using multiple inheritance,
i.e. each class can have multiple parents, and the
string function only returns the first match.
To get only the URIs, we can apply the previous
technique of using the tr and grep commands:

$ xmllint --xpath "//*[local-
name()='Class'][@*[local-
name()='about']='http://
purl.obolibrary.org/obo/
CHEBI_27732']/*[local-name
()='subClassOf']/@*[local-
name()='resource']"
chebi_lite.owl | tr '"' '\
n' | grep 'http'

Now the output only contains the URIs:

http://purl.obolibrary.org/obo/
CHEBI_26385

http://purl.obolibrary.org/obo/
CHEBI_27134

We can now create a script that receives mul-
tiple URIs given as standard input and the OWL
file where to find all the parents as argument.

The script named getparents.sh should contain
the following lines:

1 OWLFILE=$1
2 xargs -I {} xmllint --xpath

"//*[local-name()='Class
'][@*[local-name()='about
']='{}']/*[local-name()='
subClassOf']/@*[local-name
()='resource']" $OWLFILE |
\

3 tr '"' '\n' | grep 'http'

To get the parents of malignant hyperthermia, we
will only need to give the URI as input and the
OWL file as argument:

$ echo 'http://purl.obolibrary.
org/obo/DOID_8545' | ./
getparents.sh doid.owl

The output will include the URIs of the two
parents:

http://purl.obolibrary.org/obo/
DOID_0050736

http://purl.obolibrary.org/obo/
DOID_66

Labels of Parents

But if we need the labels we can redirect the
output to the getlabels.sh script:

$ echo 'http://purl.obolibrary.
org/obo/DOID_8545' | ./
getparents.sh doid.owl |
./getlabels.sh doid.owl

The output will now be the label of the parents
of malignant hyperthermia:

autosomal dominant disease
muscle tissue disease

Again, the same can be done with caffeine:

$ echo 'http://purl.obolibrary.
org/obo/CHEBI_27732' | ./
getparents.sh chebi_lite.
owl | ./getlabels.sh
chebi_lite.owl
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And now the output contains the labels of the
parents of caffeine:

purine alkaloid
trimethylxanthine

Related Classes

If we are interested in using all the related classes
besides the ones that represent a generalization
(subClassOf ), we have to change our XPath to:

$ xmllint --xpath "//*[local-
name()='Class'][@*[local-
name()='about']='http://
purl.obolibrary.org/obo/
CHEBI_27732']/*[local-name
()='subClassOf']//*[local-
name()='someValuesFrom']/@

*[local-name()='resource
']" chebi_lite.owl | tr
'"' '\n'| grep 'http'

We should note that these related classes are in
the attribute resource of someValuesFrom ele-
ment inside a subClassOf element.

The URIs of the 18 related classes of caffeine
are now displayed:

http://purl.obolibrary.org/obo/
CHEBI_25435

http://purl.obolibrary.org/obo/
CHEBI_35337

http://purl.obolibrary.org/obo/
CHEBI_35471

http://purl.obolibrary.org/obo/
CHEBI_35498

http://purl.obolibrary.org/obo/
CHEBI_35703

http://purl.obolibrary.org/obo/
CHEBI_38809

http://purl.obolibrary.org/obo/
CHEBI_50218

http://purl.obolibrary.org/obo/
CHEBI_50925

http://purl.obolibrary.org/obo/
CHEBI_53121

http://purl.obolibrary.org/obo/
CHEBI_60809

http://purl.obolibrary.org/obo/
CHEBI_64047

http://purl.obolibrary.org/obo/
CHEBI_67114

http://purl.obolibrary.org/obo/
CHEBI_71232

http://purl.obolibrary.org/obo/
CHEBI_75771

http://purl.obolibrary.org/obo/
CHEBI_76924

http://purl.obolibrary.org/obo/
CHEBI_76946

http://purl.obolibrary.org/obo/
CHEBI_78298

http://purl.obolibrary.org/obo/
CHEBI_85234

Labels of Related Classes

To get the labels of these related classes, we only
need to add the getlabels.sh script:

$ xmllint --xpath "//*[local-
name()='Class'][@*[local-
name()='about']='http://
purl.obolibrary.org/obo/
CHEBI_27732']/*[local-name
()='subClassOf']//*[local-
name()='someValuesFrom']/@

*[local-name()='resource
']" chebi_lite.owl | tr
'"' '\n'| grep 'http' | ./
getlabels.sh chebi_lite.
owl

The output is now 18 terms that we could use
to expand our text processing:

mutagen
central nervous system stimulant
psychotropic drug
diuretic
xenobiotic
ryanodine receptor modulator
EC 3.1.4.* (phosphoric diester

hydrolase) inhibitor
EC 2.7.11.1 (non-specific serine

/threonine protein kinase)
inhibitor
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adenosine A2A receptor
antagonist

adjuvant
food additive
ryanodine receptor agonist
adenosine receptor antagonist
mouse metabolite
plant metabolite
fungal metabolite
environmental contaminant
human blood serum metabolite

Ancestors

Finding all the ancestors of a class includes many
chain invocations of the getparents.sh until we
get no matches. We also should avoid relations
that are cyclic, otherwise we will enter in a
infinite loop. Thus, for identifying the ancestors
of a class, we will only consider parent relations,
i.e. subsumption relations.

Grandparents

In the previous section we were able to extract
the direct parents of a class, but the parents of
these parents also represent generalizations of the
original class. For example, to get the parents of
the parents (grandparents) of malignant hyper-
thermia we need to invoke getparents.sh twice:

$ echo 'malignant hyperthermia'
| ./geturi.sh doid.owl |
./getparents.sh doid.owl |
./getparents.sh doid.owl

And we will find the URIs of the grandparents
of malignant hyperthermia:

http://purl.obolibrary.org/obo/
DOID_0050739

http://purl.obolibrary.org/obo/
DOID_0080000

Or to get their labels we can add the getla-
bels.sh script:

$ echo 'malignant hyperthermia'
| ./geturi.sh doid.owl |
./getparents.sh doid.owl |
./getparents.sh doid.owl

| ./getlabels.sh doid.owl

And we find the labels of the grandparents of
malignant hyperthermia:

autosomal genetic disease
muscular disease

Root Class

However, there are classes that do not have any
parent, which are called root classes. In Figs. 5.1
and 5.2, we can see that disease and chemical
entity are root classes of DO and ChEBI ontolo-
gies, respectively. As we can see these are highly
generic terms.

To check if it is the root class, we can ask for
their parents:

$ echo 'disease' | ./geturi.sh
doid.owl | ./getparents.sh
doid.owl

$ echo 'chemical entity' | ./
geturi.sh chebi_lite.owl |
./getparents.sh

chebi_lite.owl

In both cases, we will get the warning that no
matches were found, confirming that they are the
root class.

XPath set is empty

Recursion

We can now build a script that receives a list
of URIs as standard input, and invokes getpar-
ents.sh recursively until it reaches the root class.

The script named getancestors.sh should con-
tain the following lines:

1 OWLFILE=$1
2 CLASSES=$(cat -)
3 [[ -z "$CLASSES" ]] && exit
4 PARENTS=$(echo "$CLASSES" | ./

getparents.sh $OWLFILE |
sort -u)
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5 echo "$PARENTS"
6 echo "$PARENTS" | ./

getancestors.sh $OWLFILE

The second line of the script saves the stan-
dard input in a variable named CLASSES, be-
cause we need to use it twice: (i) to check if the
input as any classes or is empty (third line) and
(ii) to get the parents of the classes given as input
(fourth line). If the input is empty then the script
ends, this is the base case of the recursion9. This
is required so the recursion stops at a given point.
Otherwise, the script would run indefinitely until
the user stops it manually.

The fourth line of the script stores the output
in a variable named PARENTS, because we need
also to use it twice: (i) to output these direct
parents (fifth line), and (ii) to get the ancestors
of this parents (sixth line). We should note that
we are invoking the getancestors.sh script inside
the getancestors.sh, which defines the recursion
step. Since the subsumption relation is acyclic,
we expect that at some time we will reach classes
without parents (root classes) and then the script
will end.

We should note that the echo of the variables
CLASSES and PARENTS need to be inside com-
mas, so the newline characters are preserved.

Iteration

Recursion is most of the times computational
expensive, but usually it is possible to replace
recursion with iteration to develop a more effi-
cient algorithm. Explaining iteration and how to
refactor a recursive script is out of scope of this
book, nevertheless the following script represents
an equivalent way to get all the ancestors without
using recursion:

1 # iteration
2 OWLFILE=$1
3 CLASSES=$(cat -)
4 ANCESTORS=""
5 while [[ ! -z "$CLASSES" ]]
6 do

9https://en.wikipedia.org/wiki/Recursion

7 PARENTS=$(echo "$CLASSES" |
./getparents.sh $OWLFILE
| sort -u)

8 ANCESTORS="$ANCESTORS\
n$PARENTS"

9 CLASSES=$PARENTS
10 done
11 echo -e "$ANCESTORS"

The script uses the while command that basi-
cally implements iteration by repeating a set of
commands (lines 6–8) while a given condition is
satisfied (line 4).

To test the recursive script, we can provide as
standard input the label malignant hyperthermia:

$ echo 'http://purl.obolibrary.
org/obo/DOID_8545' | ./
getancestors.sh doid.owl

The output will be the URIs of all its ances-
tors:

http://purl.obolibrary.org/obo/
DOID_0050736

http://purl.obolibrary.org/obo/
DOID_66

http://purl.obolibrary.org/obo/
DOID_0050739

http://purl.obolibrary.org/obo/
DOID_0080000

http://purl.obolibrary.org/obo/
DOID_0050177

http://purl.obolibrary.org/obo/
DOID_17

http://purl.obolibrary.org/obo/
DOID_630

http://purl.obolibrary.org/obo/
DOID_7

http://purl.obolibrary.org/obo/
DOID_4

We should note that we will still receive the
XPath warning when the script reaches the root
class and no parents are found:

XPath set is empty

To remove this warning and just get the labels
of the ancestors of malignant hyperthermia, we
can redirect the warnings to the null device:

$ echo 'malignant hyperthermia'
| ./geturi.sh doid.owl |

https://en.wikipedia.org/wiki/Recursion
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./getancestors.sh doid.owl
2>/dev/null | ./getlabels

.sh doid.owl

The output will now include the name of all
ancestors of malignant hyperthermia:

autosomal dominant disease
muscle tissue disease
autosomal genetic disease
muscular disease
monogenic disease
musculoskeletal system disease
genetic disease
disease of anatomical entity
disease

We should note that the first two ancestors are
the direct parents of malignant hyperthermia, and
the last one is the root class. This happens be-
cause the recursive script print the parents before
invoking itself to find the ancestors of the direct
parents.

We can do the same with caffeine, but be
advised that given the higher number of ancestors
in ChEBI we may now have to wait a little longer
for the script to end.

$ echo 'caffeine' | ./geturi.sh
chebi_lite.owl | ./
getancestors.sh chebi_lite
.owl | ./getlabels.sh
chebi_lite.owl | sort -u

The results include repeated classes that were
found by using different branches, so that is why
we need to add the sort command with the -u
option to eliminate the duplicates.

The script will print the ancestors being found
by the script:

alkaloid
aromatic compound
bicyclic compound
carbon group molecular entity
chemical entity
cyclic compound
heteroarene
heterobicyclic compound
heterocyclic compound
heteroorganic entity

heteropolycyclic compound
imidazopyrimidine
main group molecular entity
methylxanthine
molecular entity
molecule
nitrogen molecular entity
organic aromatic compound
organic cyclic compound
organic heterobicyclic compound
organic heterocyclic compound
organic heteropolycyclic

compound
organic molecular entity
organic molecule
organonitrogen compound
organonitrogen heterocyclic

compound
p-block molecular entity
pnictogen molecular entity
polyatomic entity
polycyclic compound
purine alkaloid
purines
trimethylxanthine

My Lexicon

Now that we know how to extract all the labels
and related classes from an ontology, we can
construct our own lexicon with the list of terms
that we want to recognize in text.

Let us start by creating the file do_8545_
lexicon.txt representing our lexicon for malignant
hyperthermia with all its labels:

$ echo 'malignant hyperthermia'
| ./geturi.sh doid.owl |
./getlabels.sh doid.owl >
do_8545_lexicon.txt

Ancestors Labels

Now we can add to the lexicon all the labels of the
ancestors of malignant hyperthermia by adding
the redirection operator:
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$ echo 'malignant hyperthermia'
| ./geturi.sh doid.owl |
./getancestors.sh doid.owl
| ./getlabels.sh doid.owl
>> do_8545_lexicon.txt

We should note that now we use >> and not >,
this will append more lines to the file instead of
creating a new file from scratch.

Now we can check the contents of the file
do_8545_lexicon.txt to see the terms we got:

$ cat do_8545_lexicon.txt | sort
-u

We should note that we use the sort command
with the -u option to eliminate any duplicates
that may exist.

We should be able to see the following labels:

anesthesia related hyperthermia
autosomal dominant disease
autosomal genetic disease
disease
disease of anatomical entity
genetic disease
malignant hyperpyrexia due to

anesthesia
malignant hyperthermia
monogenic disease
muscle tissue disease
muscular disease
musculoskeletal system disease

We can also apply the same commands
for caffeine to produce its lexicon in the
file chebi_27732_lexicon.txt by adding the
redirection operator:

$ echo 'caffeine' | ./geturi.sh
chebi_lite.owl | ./
getlabels.sh chebi_lite.
owl > chebi_27732_lexicon.
txt

$ echo 'caffeine' | ./geturi.sh
chebi_lite.owl | ./
getancestors.sh chebi_lite
.owl | ./getlabels.sh
chebi_lite.owl >>
chebi_27732_lexicon.txt

We should note that it may take a while until
it gets all labels.

Now let us check the contents of this new
lexicon:

$ cat chebi_27732_lexicon.txt |
sort -u

Now we should be able to see that this lexicon
is much larger:

alkaloid
aromatic compound
bicyclic compound
caffeine
...

Merging Labels

If we are interested in finding everything related
to caffeine or malignant hyperthermia, we may
be interested in merging the two lexicons in a file
named lexicon.txt:

$ cat do_8545_lexicon.txt
chebi_27732_lexicon.txt |
sort -u > lexicon.txt

Using this new lexicon, we can recognize
any mention in our previous file named
chebi_27732_sentences.txt:

$ grep -w -i -F -f lexicon.txt
chebi_27732_sentences.txt

We added the -F option because our lexicon is a
list of fixed strings, i.e. does not include regular
expressions. The equivalent long form to the -F
option is --fixed-strings.

We now get more sentences, including some
that do not include a direct mention to caffeine
or malignant hyperthermia. For example, the
following sentence was selected because it
mentions molecule, which is an ancestor of
caffeine:

The remainder of the molecule is
hydrophilic and presumably
constitutes the cytoplasmic
domain of the protein.

Another example is the following sentence,
which was selected because it mentions disease,
which is an ancestor of malignant hyperthermia:
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Our data suggest that divergent
activity profiles may cause
varied disease phenotypes by
specific mutations.

We can also use our script getentities.sh giving
this lexicon as argument. However, since we are
not using any regular expressions it would be
better to add the -F option to the grep command
in the script, so the lexicon is interpreted as list
of fixed strings to be matched. Only then we can
execute the script safely:

$ ./getentities.sh lexicon.txt <
chebi_27732_sentences.txt

Ancestors Matched

Besides these two previous examples, we can
check if there other ancestors being matched by
using the grep command with the -o option:

$ grep -o -w -F -f lexicon.txt
chebi_27732_sentences.txt
| sort -u

We can see that besides the terms caffeine
and malignant hyperthermia, only one ancestor
of each one of them was matched, molecule and
disease, respectively:

caffeine
disease
malignant hyperthermia
molecule

This can be explained because our text is
somehow limited and because we are using the
official labels and we may be missing acronyms,
and simple variations such as the plural of a term.
To cope with this issue, we may use a stemmer10,
or use all the ancestors besides subsumption.
However, if our lexicon is small is better to do
it manually and maybe add some regular expres-
sions to deal with some of the variations.

10https://en.wikipedia.org/wiki/Stemming

Generic Lexicon

Instead of using a customized and limited lex-
icon, we may be interested in recognizing any
of the diseases represented in the ontology. By
recognizing all the diseases in our caffeine related
text, we will be able to find all the diseases that
may be related to caffeine

All Labels

To extract all the labels from the disease ontology
we can use the same XPath query used before, but
now without restricting it to any URI:

$ xmllint --xpath "//*[local-
name()='Class']/*[local-
name()='hasExactSynonym'
or local-name()='
hasRelatedSynonym' or
local-name()='label']"
doid.owl

We can create a script named getalllabels.sh,
that receives as argument the OWL file where to
find all labels containing the following lines:

1 OWLFILE=$1
2 xmllint --xpath "//*[local-

name()='Class']/*[local-
name()='hasExactSynonym'
or local-name()='
hasRelatedSynonym' or
local-name()='label']"
$OWLFILE | \

3 tr '<>' '\n' | \
4 grep -v -e ':label' -e ':

hasExactSynonym' -e '
hasRelatedSynonym' -e '^$'
| \

5 sort -u

We should note that this script is similar to the
getlabels.sh script without the xargs, since it
does not receive a list of URIs as standard input.

Now we can execute the script to extract all
labels from the OWL file:

$ ./getalllabels.sh doid.owl

The output will contain the full list of diseases:

https://en.wikipedia.org/wiki/Stemming
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11-beta-hydroxysteroid
dehydrogenase deficiency type
2

11p partial monosomy syndrome
1,4-phenylenediamine allergic

contact dermatitis
...
Zoophilia
Zoophobia
zygomycosis

To create the generic lexicon, we can redirect
the output to the file diseases.txt:

$ ./getalllabels.sh doid.owl >
diseases.txt

We can check how many labels we got by
using the wc command:

$ wc -l diseases.txt

The lexicon contains more than 29 thousand
labels.

We can now recognize the lexicon entries
in the sentences of the file chebi_27732_ sen-
tences.txt by using the grep command:

$ grep -n -w -E -f diseases.txt
chebi_27732_sentences.txt

However, we will get the following error:

grep: Unmatched ) or \)

This error happens because our lexicon contains
some special characters also used by regular
expressions, such as the parentheses.

One way to address this issue is to replace
the -E option by the -F option, that treats each
lexicon entry as a fixed string to be recognized:

$ grep -n -o -w -F -f diseases.
txt chebi_27732_sentences.
txt

The output will show the large list of sentences
mentioning diseases:

1:malignant hyperthermia
2:malignant hyperthermia
9:central core disease
10:disease
10:myopathy
...

1092:malignant hyperthermia
1092:central core disease
1103:malignant hyperthermia
1104:malignant hyperthermia
1106:central core disease
1106:myopathy

Problematic Entries

Despite using the -F option, the lexicon contains
some problematic entries. Some entries have ex-
pressions enclosed by parentheses or brackets,
that represent alternatives or a category:

Post measles encephalitis (
disorder)

Glaucomatous atrophy [cupping]
of optic disc

Other entries have separation characters, such
as commas or colons, to represent a specializa-
tion. For example:

Tapeworm infection: intestinal
taenia solum

Tapeworm infection: pork
Pemphigus, Benign Familial
ATR, nondeletion type

A problem is that not all have the same mean-
ing. A comma may also be part of the term. For
example:

46,XY DSD due to LHB deficiency

Other case includes using &amp; to represent
an ampersand. For example:

Gonococcal synovitis &amp;/or
tenosynovitis

However, most of the times the alternatives are
already included in the lexicon in different lines.
For example:

Gonococcal synovitis and
tenosynovitis

Gonococcal synovitis or
tenosynovitis

As we can see by these examples, it is not
trivial to devise rules that fully solve these issues.
Very likely there will be exceptions to any rule
we devise and that we are not aware of.
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Special Characters Frequency

To check the impact of each of these issues, we
can count the number of times they appear in the
lexicon:

$ grep -c -F '(' diseases.txt
$ grep -c -F ',' diseases.txt
$ grep -c -F '[' diseases.txt
$ grep -c -F ':' diseases.txt
$ grep -c -F '&amp;' diseases.

txt

We will be able to see that parentheses and
commas are the most frequent, with more than
one thousand entries.

Completeness

Now let us check if the ATR acronym represent-
ing the alpha thalassemia-X-linked intellectual
disability syndrome is in the lexicon:

$ grep -E '^ATR' diseases.txt

All the entries include more terms than only
the acronym:

ATR-16 syndrome
ATR, nondeletion type
ATR syndrome, deletion type
ATR syndrome linked to

chromosome 16
ATR-X syndrome

Thus, a single ATR mention will not be recog-
nized.

This is problematic if we need to match sen-
tences mentioning that acronym, such as:

$ echo 'The ATR syndrome is an
alpha thalassemia that has
material basis in

mutation in the ATRX gene
on Xq21' | grep -w 'ATR'

We will now try to mitigate these issues as
simply as we can. We will not try to solve them
completely, but at least address the most obvious
cases.

Removing Special Characters

The first fix we will do, is to remove all the paren-
theses and brackets by using the tr command,
since they will not be found in the text:

$ tr -d '[](){}' < diseases.txt

Of course, we may lose the shorter labels, such
as Post measles encephalitis, but at least now, the
disease Post measles encephalitis disorder will
be recognized:

$ tr -d '[](){}' < diseases.txt
| grep 'Post measles
encephalitis disorder'

If we really need these alternatives, we would
have to create multiple entries in the lexicon or
transform the labels in regular expressions.

Removing Extra Terms

The second fix is to remove all the text after a
separation character, by using the sed command:

$ tr -d '[](){}' < diseases.txt
| sed -E 's/[,:;] .*$//'

We should note that the regular expression en-
forces a space after the separation character to
avoid separation characters that are not really
separating two expressions, such as: 46,XY DSD
due to LHB deficiency

We can see that now we are able to recognize
both ATR and ATR syndrome:

$ tr -d '[](){}' < diseases.txt
| sed -E 's/[,:;] .*$//' |
grep -E '^ATR'

Removing Extra Spaces

The third fix is to remove any leading or trailing
spaces of a label:

$ tr -d '[](){}' < diseases.txt
| sed -E 's/[,:;] .*$//; s
/^ *//; s/ *$//'

We should note that we added two more re-
placement expressions to the sed command by
separating them with a semicolon.
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We can now update the script getalllabels.sh
to include the previous tr and sed commands:

1 OWLFILE=$1
2 xmllint --xpath "//*[local-

name()='Class']/*[local-
name()=

3 'hasExactSynonym' or local-
4 name()='hasRelatedSynonym'

or
5 local-name()='label']"
6 $OWLFILE | \
7 tr '<>' '\n' | \
8 grep -v -e ':label' -e ':

hasExactSynonym' -e '
hasRelatedSynonym' -e '^$'
| \

9 tr -d '[](){}' | \
10 sed -E 's/[,:;] .*$//; s/^

*//; s/ *$//' | sort -u

And we can now generate a fixed lexicon:

$ ./getalllabels.sh doid.owl >
diseases.txt

We can check again the number of entries:

$ wc -l diseases.txt

We now have a lexicon with about 28 thousand
labels. We have less entries because our fixes
made some entries equal to others already in the
lexicon, and thus the -u option filtered them.

Disease Recognition

We can now try to recognize lexicon en-
tries in the sentences of file chebi_27732_
sentences.txt:

$ grep -n -o -w -F -f diseases.
txt chebi_27732_sentences.
txt

To obtain the list of labels that were recog-
nized, we can use the grep command:

$ grep -o -w -F -f diseases.txt
chebi_27732_sentences.txt
| sort -u

We will get a list of 43 unique labels repre-
senting diseases that may be related to caffein:

Andersen-Tawil syndrome
arrhythmogenic right ventricular

cardiomyopathy
ARVD2
ataxia telangiectasia
ATR
atrial fibrillation
benign congenital myopathy
cancer
cardiac arrest
cardiomyopathy
catecholaminergic polymorphic

ventricular tachycardia
central core disease
chorea
congenital hip dislocation
congenital myopathy
deficiency
disease
dystonia
epilepsy
FHL1
hand
hepatitis C
HL
hypercholesterolaemia
hypokalemic periodic paralysis
Hypokalemic periodic paralysis
intellectual disability
long QT syndrome
LQT1
LQT2
LQT3
LQT5
LQT6
malignant hyperthermia
migraine
myopathy
myotonic dystrophy type 1
nemaline myopathy
nemaline rod myopathy
ophthalmoplegia
rod myopathy
scoliosis
syndrome
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Performance

The grep is quite efficient but of course when
using large lexicons and texts we may start to
feel some performing issues. Its execution time
is proportional to the size of the lexicon, since
each term of the lexicon will correspond to an
independent pattern to match. This means that for
large lexicons we may face serious performance
issues.

Inverted Recognition

A solution for dealing with large lexicons is to
use the inverted recognition technique (Couto
et al. 2017; Couto and Lamurias 2018). The
inverted recognition uses the words of the input
text as patterns to be matched against the lexicon
file. When the number of words in the input text
is much smaller than the number of terms in the
lexicon, grep has much fewer patterns to match.
For example, the inverted recognition technique
applied to ChEBI has shown to be more than 100
times faster than using the standard technique.

Case Insensitive

Another performance issue arises when we use
the -i option to perform a case insensitive
matching. For instance, in most computers if we
execute the following command, we will have to
wait much longer than not using the -i option:

$ grep -n -o -w -F -i -f
diseases.txt
chebi_27732_sentences.txt

One solution is to convert both the lexicon
and text to lowercase (or uppercase), but this
may result in more incorrect matches, such as
incorrectly matching acronyms in lowercase.

ASCII Encoding

The low performance issue of case insensitive
matching is normally due to the usage of UTF-8
character encoding11, instead of ASCII character

11https://en.wikipedia.org/wiki/UTF-8

encoding12. UTF-8 allow us to use special char-
acters, such as the euro symbol, in a standard way
so it is interpreted by every computer around the
world in the same way. However, for normal text
without special characters ASCII works fine and
more efficiently. In Unix shells we can normally
specify the usage of ASCII encoding by adding
the expression LC_ALL=C before the command
(man locale for more information).

So, another solution is to execute the follow-
ing command:

$ LC_ALL=C grep -n -o -w -F -i -
f diseases.txt
chebi_27732_sentences.txt

We will be able to watch the significant increase
in performance.

To check how many labels are now being
recognized we can execute:

$ LC_ALL=C grep -o -w -F -i -f
diseases.txt
chebi_27732_sentences.txt
| sort -u | wc -l

We have now 60 labels being recognized.
To check which new labels were recognized,

we can compare the results with and without the
-i option:

$ LC_ALL=C grep -o -w -F -i -f
diseases.txt
chebi_27732_sentences.txt
| sort -u >
diseases_recognized_ignorecase
.txt

$ grep -o -w -F -f diseases.txt
chebi_27732_sentences.txt
| sort -u >
diseases_recognized.txt

$ grep -v -F -f
diseases_recognized.txt
diseases_recognized_
ignorecase.txt

We are now able to see that the new labels are:

12https://en.wikipedia.org/wiki/ASCII

https://en.wikipedia.org/wiki/UTF-8
https://en.wikipedia.org/wiki/ASCII
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Arrhythmogenic right ventricular
dysplasia

arthrogryposis
can
Catecholaminergic polymorphic

ventricular tachycardia
Central Core Disease
defect
Disease
dyskinesia
face
fever
Malignant hyperthermia
Malignant Hyperthermia
March
ORF
total

Correct Matches

Some important diseases could only be recog-
nized by performing a case insensitive match,
such as arthrogryposis. This disease was missing
because in the lexicon we had the uppercase
case version of the labels, but not the lowercase
version. We can check it by using the grep
command:

$ grep -i '^arthrogryposis$'
diseases.txt

The output does not include the lowercase
case version:

Arthrogryposis
ARTHROGRYPOSIS

We can also check in the text which versions
are used:

$ grep -w -i 'arthrogryposis'
chebi_27732_sentences.txt

We can see that only the lowercase version is
used:

... (multiple arthrogryposis,
congenital dislocation of the
hips ...

... fetal akinesia,
arthrogryposis multiplex ...

Another example is dyskinesia:

$ grep -i '^dyskinesia$'
diseases.txt

The lexicon has only the disease name with
the first character in uppercase:

Dyskinesia

Incorrect Matches

However, using a case insensitive match may also
create other problems, such as the acronym CAN
for the disease Crouzon syndrome-acanthosis ni-
gricans syndrome:

$ grep -i '^CAN$' diseases.txt

By using a case insensitive grep we will
recognize the common word CAN as a disease.
For example, we can check how many times CAN
is recognized:

$ LC_ALL=C grep -n -o -w -i -F -
f diseases.txt
chebi_27732_sentences.txt
| grep -i ':CAN' | wc -l

It is recognized 18 times.
And to see which type of matches they are, we

can execute the following command:

$ LC_ALL=C grep -o -w -i -F -f
diseases.txt
chebi_27732_sentences.txt
| grep -i -E '^CAN$' |
sort -u

We can verify that the matches are incorrect
mentions of the disease acronym:

can

This means we created at least 18 mismatches by
performing a case insensitive match.

Entity Linking

When we are using a generic lexicon, we may
be interested in identifying what the recognized
labels represent. For example, we may not be
aware of what the matched label AD2 represents.
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To solve this issue, we can use our script
geturi.sh to perform linking (aka entity disam-
biguation, entity mapping, normalization), i.e.
find the classes in the disease ontology that may
be represented by the recognized label. For exam-
ple, to find what AD2 represents, we can execute
the following command:

$ echo "AD2" | ./geturi.sh doid.
owl | ./getlabels.sh doid.
owl

In this case, the result clearly shows that AD2
represents the Alzheimer disease:

AD2
Alzheimer disease 2, late onset
Alzheimer disease associated

with APOE4
Alzheimer disease-2
Alzheimer's disease 2

Modified Labels

However, we may not be so lucky with the labels
that were modified by our previous fixes in the
lexicon. For example, we can test the case of
ATR:

$ echo "ATR" | ./geturi.sh doid.
owl

As expected, we received the warning that no
URI was found:

XPath set is empty

An approach to address this issue may involve
keeping a track of the original label in a lexicon
using another file.

Ambiguity

We may also have to deal with ambiguity prob-
lems where a label may represent multiple terms.
For example, if we check how many classes the
acronym ATS may represent:

$ echo "ATS" | ./geturi.sh doid.
owl

We can see that it may represent two classes:

http://purl.obolibrary.org/obo/
DOID_0050434

http://purl.obolibrary.org/obo/
DOID_0110034

These two classes represent two distinct diseases,
namely Andersen-Tawil syndrome and X-linked
Alport syndrome, respectively.

We can also obtain their alternative labels by
providing the two URI as standard input to the
getlabels.sh script:

$ echo "http://purl.obolibrary.
org/obo/DOID_0050434" | ./
getlabels.sh doid.owl

$ echo "http://purl.obolibrary.
org/obo/DOID_0110034" | ./
getlabels.sh doid.owl

We will get the following two lists, both con-
taining ATS as expected:

ANDERSEN CARDIODYSRHYTHMIC
PERIODIC PARALYSIS

ATS
Andersen syndrome
LQT7
Long QT syndrome 7
Potassium-Sensitive

Cardiodysrhythmic Type
Andersen-Tawil syndrome

ATS
nephropathy and deafness, X-

linked
X-linked Alport syndrome

If we find a ATS mention in the text, the
challenge is to identify which of the syndromes
the mention refers to. For addressing this chal-
lenge, we may have to use advanced entity link-
ing techniques that analyze the context of the
text.

Surrounding Entities

An intuitive solution is to select the class closer in
terms of meaning to the others classes mentioned
in the surrounding text. This assumes that entities
present in a piece of text are somehow seman-
tically related to each other, which is normally
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the case. At least the author assumed some type
of relation between them, otherwise the entities
would not be in the same sentence.

Let us consider the following sentence about
genes and related syndromes from our text file
chebi_27732_sentences.txt (on line 436):

... channel genes, KCNQ1 (LQT1),
KCNH2 (LQT2), SCN5A (LQT3),

KCNE1 (LQT5), and KCNE2 (LQT6
), along with KCNJ2 (Andersen
-Tawil syndrome) and ...

Now assume that the label Andersen-Tawil syn-
drome been replaced by the acronym ATS:

... channel genes, KCNQ1 (LQT1),
KCNH2 (LQT2), SCN5A (LQT3),

KCNE1 (LQT5), and KCNE2 (LQT6
), along with KCNJ2 (ATS) and
...

Then, to identify the diseases in the previous
sentence, we can execute the following com-
mand:

$ echo 'channel genes, KCNQ1 (
LQT1), KCNH2 (LQT2), SCN5A
(LQT3), KCNE1 (LQT5), and
KCNE2 (LQT6), along with

KCNJ2 (ATS) and' | grep -o
-w -F -f diseases.txt

We have a list of labels that can help us decide
which is the right class representing ATS:

LQT1
LQT2
LQT3
LQT5
LQT6
ATS

To find their URIs we can use the geturi.sh
script:

$ echo 'channel genes, KCNQ1 (
LQT1), KCNH2 (LQT2), SCN5A
(LQT3), KCNE1 (LQT5), and
KCNE2 (LQT6), along with

KCNJ2 (ATS)

and' | grep -o -w -F -f
diseases.txt | ./geturi.sh
doid.owl

The only ambiguity is for ATS that returns
two URIs, one representing the Andersen-
Tawil syndrome (DOID:0050434) and the other
representing the X-linked Alport syndrome
(DOID:0110034):

http://purl.obolibrary.org/obo/
DOID_0110644

http://purl.obolibrary.org/obo/
DOID_0110645

http://purl.obolibrary.org/obo/
DOID_0110646

http://purl.obolibrary.org/obo/
DOID_0110647

http://purl.obolibrary.org/obo/
DOID_0110648

http://purl.obolibrary.org/obo/
DOID_0050434

http://purl.obolibrary.org/obo/
DOID_0110034

To decide which of the two URIs we should
select, we can measure how close in meaning
they are to the other diseases also found in the
text.

Semantic Similarity

Semantic similarity measures have been
successfully applied to solve these ambiguity
problems (Grego and Couto 2013). Semantic
similarity quantifies how close two classes
are in terms of semantics encoded in a given
ontology (Couto and Lamurias 2019). Using the
web tool Semantic Similarity Measures using
Disjunctive Shared Information (DiShIn)13,
we can calculate the semantic similarity
between our recognized classes. For example,
we can calculate the similarity between
LQT1 (DOID:0110644) and Andersen-Tawil
syndrome (DOID:0050434) (see Fig. 5.6), and
the similarity between LQT1 and X-linked Alport
syndrome (DOID:0110034) (see Fig. 5.7).

Measures

DiShIn provides the similarity values for three
measures, namely Resnik, Lin and Jiang-Conrath

13http://labs.rd.ciencias.ulisboa.pt/dishin/

http://labs.rd.ciencias.ulisboa.pt/dishin/
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Fig. 5.6 Semantic similarity between LQT1 (DOID:0110644) and Andersen-Tawil syndrome (DOID:0050434) using
the online tool DiShIn

(Resnik 1995; Lin et al. 1998; Jiang and Conrath
1997). The last two measures provide values
between 0 and 1, and Jiang-Conrath is a distance
measure that is converted to similarity.

We can see that for all measures LQT1 is much
more similar to Andersen-Tawil syndrome than
to X-linked Alport syndrome. Moreover, Jiang-
Conrath’s measure gives the only similarity value
larger than zero for X-linked Alport syndrome,
since it is a converted distance measure. We ob-
tain similar results if we replace LQT1 by LQT2,
LQT3, LQT5, or LQT6. This means that by using
semantic similarity we can identify Andersen-
Tawil syndrome as the correct linked entity for
the mention ATS in this text.

DiShIn Installation

To automatize this process we can also execute
DiShIn as a command line14, however we may
need to install python (or python3) and SQLite15.

First, we need to install it locally using the
git command line:

$ git clone git://github.com/
lasigeBioTM/DiShIn.git

The git command automatically retrieves a tool
from the GitHub16 software repository.

14https://github.com/lasigeBioTM/DiShIn
15apt install python sqlite3 or apt
install python3 sqlite3
16https://en.wikipedia.org/wiki/GitHub

https://github.com/lasigeBioTM/DiShIn
https://en.wikipedia.org/wiki/GitHub
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Fig. 5.7 Semantic similarity between LQT1 (DOID:0110644) and X-linked Alport syndrome (DOID:0110034) using
the online tool DiShIn

If everything works fine, we should be able to
see something like this in our display:

Cloning into 'DiShIn'...
...
Resolving deltas: 100% (255/255)

, done.

If the git command is not available, we can
alternatively download the compressed file (zip),
extract its contents and then move to the DiShIn
folder:

$ curl -O -L https://github.com/
lasigeBioTM/DiShIn/archive
/master.zip

$ unzip master.zip
$ mv DiShIn-master DiShIn

The option -L enables the curl command to
follow a URL redirection17. The equivalent long
form to the -L option is --location.

We now have to copy the Human Disease
Ontology in to the folder using the cp command,
and then enter into the DiShIn folder:

$ cp doid.owl DiShIn/
$ cd DiShIn

Database File

To execute DiShIn, we need first to convert the
ontology file named doid.owl into a database
(SQLite) file named doid.db:

17https://en.wikipedia.org/wiki/URL_redirection

https://en.wikipedia.org/wiki/URL_redirection
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$ python dishin.py doid.owl doid
.db http://purl.obolibrary
.org/obo/ http://www.w3.
org/2000/01/rdf-schema#
subClassOf ''

If the module rdflib is not installed, the following
error will be displayed:

ImportError: No module named
rdflib

We can try to install it18, but this will still take a
few minutes to run.

Alternatively, we can download the latest
database version:

$ curl -O http://labs.rd.
ciencias.ulisboa.pt/book/
doid.db

DiShIn Execution

After being installed, we can execute DiShIn by
providing the database and two classes identi-
fiers:

$ python dishin.py doid.db
DOID_0110644 DOID_0050434

$ python dishin.py doid.db
DOID_0110644 DOID_0110034

The output of the first command will be
the semantic similarity values between LQT1
(DOID:0110644) and Andersen-Tawil syndrome
(DOID:0050434):

Resnik DiShIn intrinsic
3.1715006566

Resnik MICA intrinsic
6.34300131319

Lin DiShIn intrinsic
0.376553538118

Lin MICA intrinsic
0.753107076235

JC DiShIn intrinsic
0.0952210062728

JC MICA intrinsic 0.240449173481

18https://github.com/RDFLib/rdflib

The output of the second command will be
the semantic similarity values between LQT1
(DOID:0110644) and X-linked Alport syndrome
(DOID:0110034):

Resnik DiShIn intrinsic 0.0
Resnik MICA intrinsic 0.0
Lin DiShIn intrinsic 0.0
Lin MICA intrinsic -0.0
JC DiShIn intrinsic

0.0593651994576
JC MICA intrinsic

0.0593651994576

In the end, we should not forget to return to
our parent folder:

$ cd ..

Learning python19 and SQL20 is out of scope
of this book, but if we do not intend to make
any modifications the above steps should be quite
simple to execute.

Large Lexicons

The online tool MER is based on a shell script21,
so it can be easily executed as a command line to
efficiently recognize and link entities using large
lexicons.

MER Installation

First, we need to install it locally using the git
command line:

$ git clone git://github.com/
lasigeBioTM/MER.git

If everything works fine, we should be able to see
something like this in our display:

Cloning into 'MER'...
...
Resolving deltas: 100%

(604/604), done.

19https://www.w3schools.com/python/
20https://www.w3schools.com/sql/
21https://github.com/lasigeBioTM/MER

https://github.com/RDFLib/rdflib
https://www.w3schools.com/python/
https://www.w3schools.com/sql/
https://github.com/lasigeBioTM/MER
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If the git command is not available, we can
alternatively download the compressed file (zip),
and extract its contents:

$ curl -O -L https://github.com/
lasigeBioTM/MER/archive/
master.zip

$ unzip master.zip
$ mv MER-master MER

We now have to copy the Human Disease
Ontology in to the data folder of MER, and then
enter into the MER folder:

$ cp doid.owl MER/data/
$ cd MER

Lexicon Files

To execute MER, we need first to create the
lexicon files:

$ (cd data; ../
produce_data_files.sh doid
.owl)

This may take a few minutes to run. However, we
only need to execute it once, each time we want
to use a new version of the ontology. If we wait,
the output will include the last patterns of each of
the lexicon files.

Alternatively, we can download the lexicon
files, and extract them into the data folder:

$ curl -O http://labs.rd.
ciencias.ulisboa.pt/book/
doid_lexicons.zip

$ unzip doid_lexicons.zip -d
data/

We can check the contents of the created
lexicons by using the tail command:

$ tail data/doid*

These patterns are created according to the num-
ber of words of each term.

The output should be something like
this:

==> data/doid_links.tsv <==
zika virus disease http://purl.

obolibrary.org/obo/
DOID_0060478

zikv congenital infection http
://purl.obolibrary.org/obo/
DOID_0080180

zinacef allergy http://purl.
obolibrary.org/obo/
DOID_0040025

zinsser-cole-engman syndrome
http://purl.obolibrary.org/
obo/DOID_0070025

ziziphus mauritiana fruit
allergy http://purl.
obolibrary.org/obo/
DOID_0060507

zlotogora-zilberman-tenenbaum
syndrome http://purl.
obolibrary.org/obo/
DOID_0060773

zollinger-ellison syndrome http
://purl.obolibrary.org/obo/
DOID_0050782

zoophilia http://purl.obolibrary
.org/obo/DOID_9336

zoophobia http://purl.obolibrary
.org/obo/DOID_600

zygomycosis http://purl.
obolibrary.org/obo/DOID_8485

==> data/doid.txt <==
zika virus disease
zikv congenital infection
zinacef allergy
zinsser-cole-engman syndrome
ziziphus mauritiana fruit

allergy
zlotogora-zilberman-tenenbaum

syndrome

zollinger-ellison syndrome
zoophilia
zoophobia
zygomycosis

==> data/doid_word1.txt <==
xph
xpid
xpv
xscid
yaba
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yaws
zaspopathy
zoophilia
zoophobia
zygomycosis

==> data/doid_word2.txt <==
yunis.varon syndrome
zantac allergy
zebrafish allergy
zellweger syndrome
zemuron allergy
zika fever
zinacef allergy
zinsser.cole.engman syndrome
zlotogora.zilberman.tenenbaum

syndrome
zollinger.ellison syndrome

==> data/doid_words2.txt <==
yersinia infectious
yersinia pestis
yersinia pseudotuberculosis
y.linked monogenic
y.linked sertoli
y.linked spermatogenic
yolk sac
zika virus
zikv congenital
ziziphus mauritiana

==> data/doid_words.txt <==
y.linked spermatogenic failure 1
y.linked spermatogenic failure 2

yolk sac neoplasm
yolk sac tumor
yolk sac tumor of mediastinum
yolk sac tumor of the cns
zika virus congenital syndrome
zika virus disease
zikv congenital infection
ziziphus mauritiana fruit

allergy

MER Execution

Now we are ready to execute MER, by providing
each sentence from the file chebi_27732_senten-
ces.txt as argument to its get_entities.sh script.

$ cat ../chebi_27732_sentences.
txt | tr -d "'" | xargs -I
{} ./get_entities.sh '{}'
doid

We removed single quotes from the text, since
they are special characters to the command
line xargs. We should note that this is the
get_entities.sh script inside the MER folder, not
the one we created before.

Now we will be able to obtain a large number
of matches:

89 111 malignant hyperthermia
http://purl.obolibrary.org/
obo/DOID_8545

74 96 malignant hyperthermia
http://purl.obolibrary.org/
obo/DOID_8545

157 164 disease http://purl.
obolibrary.org/obo/DOID_4

144 164 central core disease
http://purl.obolibrary.org/
obo/DOID_3529

13 20 disease http://purl.
obolibrary.org/obo/DOID_4

47 55 myopathy http://purl.
obolibrary.org/obo/DOID_423

...

The first two numbers represent the start and end
position of the match in the sentence. They are
followed by the name of the disease and its URI
in the ontology.

We can also redirect the output to a TSV file
named diseases_recognized.tsv:

$ cat ../chebi_27732_sentences.
txt | tr -d "'" | xargs -I
{} ./get_entities.sh '{}'
doid > ../

diseases_recognized.tsv
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Fig. 5.8 The diseases_recognized.tsv file opened in a spreadsheet application

We can now open the file in our spreadsheet
application, such as LibreOffice Calc or Mi-
crosoft Excel (see Fig. 5.8).

Again, we should not forget to return to our
parent folder in the end:

$ cd ..

Further Reading

To know more about biomedical ontologies,
the book entitled Introduction to bio-ontologies
is an excellent option, covering most of
the ontologies and computational techniques
exploring them (Robinson and Bauer 2011).

Another approach is to read and watch the
materials of the training course given by Barry
Smith22.

22http://ontology.buffalo.edu/smith/
IntroOntology_Course.html
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