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Abstract

Biological named entity recognition is a critical task for automatically mining knowledge from biological literature. In this paper, this task
is cast as a sequential labeling problem and Conditional Random Fields model is introduced to solve it. Under the framework of Conditional
Random Fields model, rich features including literal, context and semantics are involved. Among these features, shallow syntactic features are
first introduced, which effectively improve the model’s performance. Experiments show that our method can achieve an F-measure of 71.2%
in an open evaluation data, which is better than most of state-of-the-art systems.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

With the development of computational and biological tech-
nology, the amount of biological literature is increasing fleet-
ingly. MEDLINE database has collected 11 million biological
related records since 1965 and is increasing at the rate of 1500
abstracts a day [1]. The research literature is a major reposi-
tory of knowledge. From them, researchers can find knowledge,
such as connections between diseases and genes, the relation-
ship between genes and specific biological functions and the
interactions between different proteins and so on.

The explosion of literature in the biological field has pro-
vided an opportunity for natural language processing tech-
niques to aid researchers and curators of databases in the
biological field by providing text mining services. Yet typi-
cal natural language processing tasks such as named entity
recognition (NER), information extraction, and word sense
disambiguation are particularly challenging in the biological
domain with its highly complex and idiosyncratic language.
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Biological NER is a critical task for automatically mining
knowledge from biological literature. Two special workshops
for biological NER BioCreAtIvE [2] (Critical Assessment for
Information Extraction in Biology) and JNLPBA [3] (Joint
Workshop on Natural Language Processing in Biomedicine and
its Applications) were held in 2004 and each of them contained
an open evaluation of biological NER technology. The data and
guidelines afforded by the two workshops greatly promote the
biological NER technology. According to the evaluation results
of JNLPBA2004, the best system can achieve an F-measure of
72.6%. This is somewhat lower than figures for similar tasks
from the news wire domain. For example, extraction of organi-
zation names has been done at over 90% F-measure [2]. There-
fore, biological NRE technology needs further study in order
to make it applicable.

Current research methods for NER can be classified into
three categories: dictionary-based methods [4], rule-based
methods [5] and machine learning based methods. In biological
domain, dictionary-based methods suffer from low recall due to
new entities appearing continually with the advancing biology
research. Biological named entities do not follow any nomen-
clature, which makes rule-based method hard to be perfect.
Besides, rule-based method itself is hard to port to new applica-
tions. More and more machine learning methods are introduced
to solve the biological NER problem, such as Hidden Markov
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Model [6] (HMM), Support Vector Machine [7] (SVM), Max-
imum Entropy Markov Model [8] (MEMM) and Conditional
Random Fields [1,9] (CRFs).

Biological NER problem can be cast as a sequential labeling
problem. CRFs for sequences labeling offer advantages over
both generative models like HMM and classifiers applied at
each sequence position [10]. In this research, we utilize CRFs
model involving rich features to extract biological named en-
tities from biological literature. The feature set includes or-
thographical features, context features, word shape features,
prefix and suffix features, Part of Speech (POS) features and
shallow syntactic features. Among these features, shallow syn-
tactic features are first introduced to CRFs model and do bound-
ary detection and semantic labeling at the same time, which
effectively improve the model’s performance. Although some
features have been used by some researchers, we show the ef-
fect of each kind of feature in detail, which can afford valu-
able reference to other researchers. Our method does not need
any dictionary resources and post-processing, so it has strong
adaptability. Experiments show that our method can achieve an
F-measure of 71.2% in JNLPBA test data which is better than
most of state-of-the-art systems.

The remainder of this paper is structured as follows. In Sec-
tion 2, we define the problem of biological NER and intro-
duce its unique characteristics compared to news wire domain.
In Section 3, a brief introduction of linear-chain CRFs model
is given. In Section 4 we explain the features involved in our
method. Experiment results are shown in Section 5. Section 6
is a brief conclusion.

2. Biological NER

Biological NER can be addressed as a sequential labeling
problem. It is defined as recognizing objects of a particular
class in plain text. Depending on required application, NER
can recognize objects ranging from protein/gene names to dis-
ease/virus names. In practice, we regard each word in a sen-
tence as a token and each token is associated with a label. Each
label with a form of B–C, I–C or O indicates not only the cat-
egory of a named entity (NE) but also the location of the token
within the NE. In this label denotation, C is the category label;
B and I are location labels, standing for the beginning of an en-
tity and inside of an entity, respectively. O indicates that a token
is not part of an NE. Fig. 1 is an example of biological NER.

Biological NER is a challenging problem. There are many
different aspects to deal with compared to news wire domain.
In general, biological NEs do not follow any nomenclature [11]

Total content of T lymphocytes was decreased 1.5-fold in peripheric blood 

O   O   O B-cell_type  I-cell_type  O    O        O      O    O             O 

Fig. 1. An example of biological NER.

Table 1
Biological named entities label list

Meaning Label

Beginning of protein B-protein Inside protein I-protein
Beginning of DNA B-DNA Inside DNA I-DNA
Beginning of RNA B-RNA Inside RNA I-RNA
Beginning of cell_type B-cell_type Inside cell_type I-cell_type
Beginning of cell_line B-cell_line Inside cell_line I-cell_line
Others O

and can comprise long compound words and short abbrevia-
tions. Biological NEs are often English common nouns (as op-
posed to proper nouns, which, are the nouns normally associ-
ated with names) and are often descriptions [12]. For example,
some Drosophila (fruit fly) gene names are blistery, inflated,
period, punt and midget. Some NEs contain various symbols
and other spelling variations. On average, any NE of interest
has five synonyms. An NE may also belong to multiple cate-
gories intrinsically; an NE of one category may contain an NE
of another category inside it [13].

In natural language processing domain, Generative Models
and Discriminative Models are often used to solve the sequen-
tial labeling problem, such as NER. Recently, Discriminative
Models are preferred due to their unique characteristics and
good performance [14]. Generative Models define a joint proba-
bility distribution p(X, Y ) where X and Y are random variables,
respectively, ranging over observation sequences and their cor-
responding label sequences. In order to define a joint distribu-
tion of this nature, generative models must enumerate all pos-
sible observation sequences—a task which, for most domains,
is intractable unless observation elements are represented as
isolated units, independent from the other elements in an ob-
servation sequence. Discriminative Models directly solve the
conditional probability p(Y |X). The conditional nature of such
models means that no effort is wasted on modeling the obser-
vations and one is free from having to make unwarranted inde-
pendent assumptions about these sequences; arbitrary attributes
of the observation data may be captured by the model, with-
out the modeler having to worry about how these attributes are
related.

This paper utilizes a Discriminative Model—CRFs to solve
biological NER problem. Using the definition in [2], we recog-
nize five categories of entities. There are 11 labels in all using
BIO notation mentioned above. All labels are shown in Table
1. Each token in the biological text will be assigned with one
of the 11 labels in the recognition results.
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