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  BACKGROUND

Extraction of semantic relations depends on identify-
ing gene names, proteins, and other genetic phenom-
ena in text; this is challenging and several methods
have been proposed [3, 4, 5, for example]. As part of
our strategy for this, we use ABGene [6], which
employs several statistical and empirical methods.

An array of techniques have been investigated for
identifying various relationships in molecular biology
text. Methods that emphasize linguistic processing
include [7] for molecular pathways, [8] for protein
structure, and [9] for protein interactions. Systems
directed at gene and disease interactions specifically
have been based solely on cooccurrence in the online
literature [10], as well as cooccurrence coupled with
some linguistic analysis [11].

In order to increase accuracy, SemGen employs a
method of identifying MEDLINE citations in the
molecular genetics domain before natural language
processing begins. This identification is based on
journal descriptor indexing (JDI) [12], a statistically-
based method for labeled categorization of medical
text that draws on human assignment of a small set of
descriptors to journal titles in MEDLINE; it does not
depend on the MeSH indexing terms assigned to cita-
tions.

SemGen is based on SemRep [13], a program being
developed to interpret semantic propositions in medi-
cal text. SemRep consists of three major components:
a) an underspecified syntactic parser that depends on
the SPECIALIST Lexicon [14] and the Xerox Part-of-
Speech Tagger [15]; b) a component for matching
simple noun phrases to concepts in the UMLS Met-
athesaurus by MetaMap [16]; and c) a mechanism for
interpreting semantic relationships based on depen-
dency grammar rules for argument identification and
the UMLS Semantic Network for semantic validation
of the semantic propositions constructed by the sys-
tem.
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Similarly, the semantic class for the object of these
relations includes the semantic type ‘Disease or Syn-
drome’ as well as additional semantic types such as
‘Neoplastic Process’ and ‘Congenital Abnormality’.

This semantic framework, including the three predi-
cates noted in a strength hierarchy and as children of
ETIOLOGY, with subject defined as the semantic
class <genphenom> and object as <disorder> serves
as the underpinning for SemGen.

Identifying etiology relationships in text

As noted earlier, SemGen is a modification and
enhancement of SemRep. It is enhanced first with a
labeled categorizer and secondly with mechanisms for
identifying genetic phenomena. These are taken from
Edgar [18,19] and Arbiter [20] as well as ABGene
[6]. The identification of disorder concepts depends
on MetaMap and the UMLS Metathesaurus. Once the
referential vocabulary has been identified, existing
SemRep processing interprets the relational vocabu-
lary.

SemGen begins by sending a MEDLINE citation (title
and abstract) to the labeled categorizer. Text meeting
the criterion of a rule designed to recognize content in
the molecular genetics domain is passed on for further
processing, while anything else is ignored. The title
and abstract of filtered citations are then sent to
ABGene and genes found anywhere in the text are
returned in a list that contributes to the identification
of genetic phenomena during processing of the refer-
ential vocabulary.

In linguistic processing, the initial phase is identical
to SemRep. After lexical look-up and tagging, an
underspecified parse serves as the basis for the identi-
fication of the referential vocabulary. For example, the
syntactic structure for (1) is represented schematically
in (2).

(1) Deletions of the INK4A gene occur in malignant
peripheral nerve sheath tumors but not in neurofi-
bromas.

(2) [deletions] [of the INK4A gene] [occur] [in
malignant peripheral nerve sheath tumors] [but]
[not] [in neurofibromas]

Each simple noun phrase from the underspecified
parse is subjected to three steps. First, MetaMap
attempts to identify concept in the Metathesaurus. If
the corresponding semantic type belongs to a set of
semantic types for genetic phenomena (such as ‘Gene
or Genome’) that noun phrase is considered to refer to
a genetic phenomenon. Second, the text tokens in the
phrase are compared to the list of gene names earlier
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(BL) and only false positives were marked.

  RESULTS

We issued a PubMed search with the query “p53 OR
mdm2,” which retrieved 27,485 citations; these were
then processed by SemGen. Twenty-two percent
(6,111) of the citations that matched the query were
eliminated by the labeled catgorizer as not being in
the molecular genetics domain. We did not check for
false positives, that is citations that were processed,
but did not pertain to molecular genetics. Random
scrutiny of the citations that were eliminated indicated
that these were often about the biological mechanisms
of the relevant genes, rather than their relationship to
disease.

SemGen extracted 24,716 semantic relationships from
the 21,374 citations that passed the JDI labeled cate-
gorizer. An overview of the distribution of the rela-
tionships is given in (5), where the relative frequency
of the three positive relationships reflects the strength
hierarchy mentioned above.

(5) 22861 ASSOCIATED_WITH
845 PREDISPOSE
482 NEG_ASSOCIATED_WITH
479 CAUSE
25 NEG_PREDISPOSE
24 NEG_CAUSE

Sentences for evaluation were also extracted from this
output. SemGen identified 1,124 relationships in the
1,000 sentences scrutinized. Of these 271 were
marked as wrong, leaving 853 correct. Precision was
thus 76%.

  DISCUSSION

Error analysis revealed that of the 271 incorrect etiol-
ogy predications, in only 19 was the predicate wrong.
In all such cases, due to inadequate negation process-
ing in SemGen, the predicate was stated positively,
when it had been asserted negatively in the text.

In the remaining 252 errors, one (or both) of the argu-
ments had been inaccurately identified. There were
105 mistakes in the genetic phenomenon argument
and 147 disorders were wrong.

Most of the errors in disease recognition were due to
word sense ambiguity as represented in the Metathe-
saurus. For example, the concept “Recurrent acute
tonsillitis” has the synonym “RAT” in the Metathe-
saurus, and SemGen erroneously mapped text rat to
that concept. The spurious occurrence of this disease
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were largely due to the Metathesaurus, errors in rec-
ognizing specific genes were most often due to errors
in syntactic processing. For example from text the Ki-
ras proto-oncogene ABGene recognized Ki-ras as a
gene name, but subsequent SemGen processing only
recognized oncogene as a term available to be inter-
preted as the subject of an etiology predication. The
emphasis in future work will be to address both word
sense ambiguity in this domain and to enhance recog-
nition of the more specific concept.
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Finally, SemGen may be useful for literature-based
discovery [22,23]. Current systems are based on cooc-
currence of concepts in MEDLINE citations. The
cooccurrence of a particular gene and disease may
indicate that a discovery has not been made. Using
SemGen, however, the existence of a PREDISPOSE
or ASSOCIATED relation between a gene and a dis-
ease in the literature might still be interesting. Such
relations might indicate that a CAUSE relation
between these entities is close to being discovered—
the ultimate goal of the system.
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