Detecting Gene Symbols and Names in Biological Texts:
A First Step toward Pertinent Information Extraction
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Abstract

Gathering data on molecular interactions to be fed into a specialized database has motivated
the development of a computer system to help extracting pertinent information from texts, relying
on advanced linguistic tools, completed with object-oriented knowledge modeling capabilities. As
a first step toward this challenging objective, a program for the identification of gene symbols and
names inside sentences has been devised. The main difficulty is that these names and symbols
do not appear to follow construction rules. The program is thus made up of a series of sieves of
different natures, lexical, morphological and semantic, to distinguish among the words of a sentence
those which can only be potential gene symbols or names. Its performance has been evaluated, in
terms of coverage and precision ratios, on a corpus of texts concerning D. melanogaster for which
the list of names of known genes is available for checking.

1 Introduction

A large part of the data requested by emerging research activities in genomics are not stored in classical
databases and have therefore to be searched for directly in the scientific literature. A problem arises
when using this primary source of knowledge : papers written to present specific results may contain
information on subjects which are secondary, or even marginal, compared to the main topic, but
which may be extremely useful for researchers operating on these new genomics areas. This problem,
added to the increasing volume of scientific publications, asks for the development of computer assisted
methods for extracting data from texts.

Several research projects are working in that direction. For instance, Ohta et al. [9] describe the
IFBP (Information Finding from Biological Papers) system and its application for the construction
of the Transcription Factor DataBase (TFDB). M. Andrade and A. Valencia [1] extract biologically
significant words related to protein functions directly from MEDLINE abstracts. The sentences in
which these significant words occur might be retained as pertinent textual annotations for the proteins.
In these two examples, relative frequencies of word occurrences are the basis for information retrieval
and further information extraction. In another field of biology, systematics, A. Taylor [12] parses
natural language taxonomic descriptions to support specimen identification. This parsing approach is
possible because of the existence of a distinctive sublanguage used in these taxonomic descriptions.

The need for data on molecular interactions to be fed in specialized databases such as FlyNets
and GIF-DB for Drosophila melanogaster [8] or GeneExpress [6] provides another strong motivation
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for information extraction from texts. In the context of a research project which involves biology and
computer science laboratories, we are developing such a computer system using a linguistic approach
based on a grammatical and semantical analysis of sentences. The ultimate goal of the project is to
feed an object-oriented knowledge base on molecular interactions [3] with data on several organisms,
to organize these data into networks of interactions which can be visualized, edited, analyzed and
eventually simulated over time. As a first step in this direction, it is essential to correctly identify
gene names in texts. This is the purpose of the present study which has been performed on a text
corpus restricted to the fly D. melanogaster.

2 The reference corpus

Previous works have been performed by the CRRM to establish a methodology for selecting sentences
dealing with genetic interactions from texts [10]. The texts have been extracted from FlyBase, the
molecular and genetic database devoted to Drosophila [5]. More specifically, the “Phenotypic Infor-
mation” data field was used. This field contains short abstracts of biological papers in connection
with specific genes of Drosophila.

A dictionary of Drosophila gene symbols has also been built by collecting information from the
“Gene Symbol” field. Using this dictionary, we have filtered the corpus and only retained sentences
containing at least two gene symbols. Such sentences are indeed believed to have a higher probability
to deal with interactions between two partners. The two following sentences are examples extracted
from the corpus:

“The salm gene acts independently of abd-A.”

“Recessive mutations of the Hab group of abd-A alleles have
been isolated as revertants of a dominant gain-of-function
abd-A mutation.”

As a result of this filtering process, a corpus a 1200 sentences has been obtained. It is important
to notice that this corpus contains only gene symbols, so the early version of the system described in
this paper targets gene names designated by a single lexical entity. The term “gene name” will be
used hereafter to refer both to gene symbols and gene names based on a single lexeme. A new version
of the system is planned to handle multiple word expressions which designate a single entity.

3 Problem specificity

The use of dictionaries of gene names for identification of key semantical entities is a straightforward,
but unfortunately limited, solution. When such dictionaries exist, as for example in Flybase for
Drosophila, they are not always up to date, as new genes are being discovered and quoted in the
literature. Moreover, the authors too often do not respect the recommended gene nomenclature, so
that in scientific papers different names might reference a same gene.

In this context, the development of a method which identifies gene names in sentences without
relying on pre-defined gene name dictionaries appears highly pertinent.

Fukuda et al. [4] describe a method to identify protein names in texts. Their method mainly
relies on the assumption that protein names can be identified according to lexical considerations, such
as the presence of upper cases and of special characters. Our analysis of the list of gene names for
Drosophila shows unfortunately that such an assumption does not seem to hold for genes.

These names can indeed be partitioned into three categories :

e names including special characters, such as upper cases, hyphen, digit, slash, or brackets, e.g.
Hrp54 , Lam-B1 , Laer\mt , Lmac\bb , M(2)201 , ...
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e names using lower case letters only and belonging to the (English) natural language, e.g. vamp,
ogre, zip, zen, ...

e names using lower case letters only, but not belonging to the language, e.g. ynd, zhr, wp, unr,
sth, ...

The last two categories gather more than 50% of the 550 gene names appearing in the previously
described corpus of 1200 sentences. The existence of gene names which belong to the language is a
problem when parsing a sentence. Using a classical dictionary for the lexical lookup, these words (such
as “vamp” or “zip”) will be recognized as ordinary words since they appear in the dictionary. So they
will not be identified as proper nouns, but rather according to their classical grammatical category as
it appears in the dictionary. A large part of them will be recognized as nouns which do not disrupt the
grammatical structure of the sentence. For instance, in the sentence “boss activates protein synthesis
in [...]”, “boss” will not be identified as a proper noun, but as a noun. This occurrence does not disrupt
the sentence grammatical correctness, but obviously modifies the overall meaning of the sentence.

Fortunately, gene names belonging to the language represent only a very small percentage of all
existing gene names (at least for Drosophila). The exact percentage depends on the coverage of the
dictionary used in the lexical lookup process. Our tests using the Xerox lexical lookup for English
show that 5.6% of gene names of our reference corpus belong to the language : 4.3% are recognized
as a noun and 1.3% are recognized as something else (adjective, verb, ...).

In scope Out of scope In Conflict (verb, ar-
ticle, ...)
heat vamp a
blood eve her
cell disco by
double boss for
arm gypsy if
lab ocr is
per Zip red
ogre can

Figure 1: Examples of gene names belonging to the English language. In the reference corpus, the
percentages of these names belonging to the “In scope”, “Out of scope” and “In Conflict” categories
are 32%, 32% and 36% respectively. “Out of scope” words have a primary meaning outside the
biological domain.

Furthermore, within the category of potential gene names identified as nouns, some of them could
be quite reliably recognized as gene names because they are related to topics outside the domain of
molecular genetics. For example, words such as “vamp”, zen”, or “ogre”, when appearing in Medline
abstracts, are likely to denote genes instead of their original meaning. These words correspond roughly
to one third of the gene names belonging to the language (“Out of scope” category in Fig. 1). Applying
such a rule further reduces the percentage of ambiguous gene names to 4%.

4 Linguistic tools

Our system relies on linguistic tools developed at XRCE Grenoble and based on the Finite State
Technology. The backbone of the system is built around a specific device called a “tagger” [11], a
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non-deterministic finite-state automaton which works in three steps : tokenization, lexical lookup, and
disambiguation.

The tokenizer [2] splits the sentence into logical lexical entities, the “tokens”. A token can be a
simple word, but also a multiword entity, such as “rather than” or “such as”. The lexical lookup uses
an ordered stack of final state transducers to process the morphological analysis. If a token does not
match with any of the classical word transducers, a last transducer is then applied (the “guesser”) to
provide at least one gramimatical tag. In our system, each time this “last chance” transducer is called,
it sends to the system a signal to identify the corresponding token with a special “guessed” flag. The
disambiguator is a program based on Hidden Markov Models [7]. Its purpose is to select the “right”
category for a token according to the categories of the disambiguated words that surround it.

An algorithm which the sole purpose would be to detect gene names in texts may have not re-
quired the use of a tagger. But as we intend to gather more complex information, we have to achieve
grammatical analysis of sentences to identify relations between semantic groups of words. This anal-
ysis requires that a part-of-speech tagger previously tags all the lexical entities with an appropriate
grammatical category.

A very first test is to make the tagger parse the collection of the 550 unique gene names extracted
from the Flybase corpus of 1200 sentences. Fig. 2 displays the grammatical tags which have been
attached to these names.

‘ Tags ‘ Proportions
Guessed 86.6 %
CARDINAL 1.8 %

NOUN 6.2 %

Other : 5.4 %
PROPER NOUN 3.4 %
ABBREVIATION 0.7 %
Words of the language # NOUN 1.3 %

Figure 2: Tags and flag given to gene names by the tagger. The flag “guessed” does not represent a
grammatical category, but a notification that a token has not been recognized by a classical transducer
in the lexical lookup.

Several useful conclusions may be drawn from this test. First, gene names are basically distributed
among the following categories : words with a “guessed” flag, proper nouns, abbreviations and nouns.
The first category is by far the largest, confirming that very few gene names are words of the English
language. Then, numbers in a sentence are ambiguous because they do generally correspond to
numbers, but might in very few cases also appear to be gene names. To avoid the capture of wrong
names, numbers are therefore never retained as possible candidates. Finally, it is difficult to set apart
gene names belonging to the language and identified as nouns from the natural language.

5 Method overview

The method uses a cascade of specific processes which are sequentially executed (Fig. 3). Two levels
can be distinguished.

The first level performs the lexical analysis. It is organized around the tagger previously described.
A series of recovery rules are applied on the output of the tagger to remove wrong candidates (e.g.
“guessed” words which are not gene names) and to bring back some “not guessed” words into the
candidate list. The second level applies a series of contextual rules to validate or invalidate candidates.
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