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Abstract
Authors frequently use dissimilar names to refer to the same 
gene or protein names across articles. Identifying the alternate 
names for the same gene/protein would help biologists to find 
and use relevant literature. Biomedical databases are usually 
constructed and maintained by domain experts but need more 
human physical involvement. Many biological databases such as 
SWISSPROT, GenBank, GOLD, UniGene and Karyn’s Genome 
include synonyms, but these databases may not be always up-to-
date. Therefore, it is necessary to automate this process because 
of the increasing number of discovered genes and proteins. The 
fast increase of machine readable biomedical text documents leads 
to the growth of semi computerized or computerized information 
extraction techniques used to extract meaningful information such 
as extraction of synonymous Gene or protein names. This paper 
studies existing methods for identifying these name variations and 
proposes a new method by treating Gene Synonym Identification 
problem as information extraction problem.
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I. Introduction
Gene and Protein names are mentioned in documents in terms 
of gene symbols, gene names, protein names, synonyms, and 
typographical variants. Some gene symbols are ambiguous and might 
correspond to disease names or experimental methods. Dictionary-
based approaches normalize gene and protein names, reducing 
many synonyms and phrases representing the same concept. In 
addition to that, dictionary-based approaches make use of the huge 
amount of information organized within genomic databases and 
further it requires huge amount of manual intervention too. Several 
genomics databases contain large amounts of gene and protein 
name symbols with its full names. Dictionary-based approaches, 
present two fundamental difficulties. The first is a large number of 
false positives mainly caused by short names, which significantly 
degrades overall recession. Dictionary-based methods have used 
existing terminological resources and various string matching 
approaches to locate gene mentioned in text, and thus perform 
both tasks simultaneously (linking textual strings to matching 
database entries). Due to inconsistency and ambiguity of gene 
names, simple pattern matching typically results in low precision 
and moderate recall. These approaches are generally enhanced 
with additional rules and tokens class based techniques, while 
distinguishing between important and less important constituents. 
Dictionary based approaches utilize a pre-defined list of names 
of biological entities to identify their occurrence in text by means 
of various substring matching techniques. The dictionary may be 
manually constructed, automatically generated or first manually 
created and then semi-automatically extended using statistical 
techniques. The main objective of the work is to construct Gene 
and Protein names dictionary using rule based approach from 

biomedical abstracts. The paper is organized as follows: section 
II discusses about related work, section III about Proposed Work, 
section IV about Conclusions and Future Work.

II. Related Work
[1] Automatically extracting information from biomedical text, 
holds the promise of easily consolidating large amounts of 
biological knowledge in computer accessible form. Tagging was 
carried out using the texttagger.pl software. This program accepts 
a directory of files to be tagged and allows a user to tag them using 
a graphical user interface based on a file of possible labels and 
writes the tagged files into an output directory. The tagger was 
divided in two main algorithms:

An algorithm for the extension of the original dictionary (OD). • 
The result would be a pair of dictionaries - a generic dictionary 
(GD) and a canonical dictionary (CD). 
An algorithm for traversing a given text and identifying • 
protein names, based on the extended dictionaries produced 
by the previous algorithm.

Advantages of this approach are:
By applying this approach we can develop a highly accurate • 
tagger. The major task was to extend the coverage of the 
original set, while at the same time trying to minimize any 
decrease in accuracy.
By Applying this technique three types of protein names have • 
been identified, each with its own class of variation rules:

1. Short Names
This category contains all abbreviation-type names (ex: FGF1, 
hGITRL, CCT-beta, TNF-alpha);

2. Full names
This category contains detailed protein names (ex: tumor necrosis 
factor ligand super family member 14);

3. One Word Names
The names whose head is a lower case, the word usually referring 
to a class of proteins (ex: Alpha E-catenin, interleukin 10);
Disadvantages of this approach are:
Manual development of Information Extraction systems for 
extracting specific pieces of information is not an efficient 
technique. In order to improve the performance of existing 
technique, “bootstrapping” technique can be used for extracting 
gene/protein terms.
[2] Present information extraction efforts in the biomedical area 
be liable to focus on discovering entities and facts in structured 
databases or MEDLINE abstracts. They apply a gene and protein 
name tagger trained on Medline abstracts (ABGene) to a randomly 
selected set of full text journal articles in the biomedical domain. 
Gene symbols are always italicized and never contain hyphens, 
Greek letters, roman numerals, subscripts or superscripts. All 
letters in human genes are uppercase. All letters in mouse genes 
are lowercase. The methodologies applied to this fundamental 



IJCST Vol. 4, ISSue 1, Jan - MarCh 2013  ISSN : 0976-8491 (Online)  |  ISSN : 2229-4333 (Print)

w w w . i j c s t . c o m 572   InternatIonal Journal of Computer SCIenCe and teChnology

problem include rule-based and/or pattern matching methods a 
modified BLAST (Basic Local Alignment Search Tool) algorithm 
Naive Bayes and decision trees. Advantages of this approach 
are:

By applying this approach we can extract single word gene • 
and protein names from biomedical abstracts.
This technique increases the performance of ABGene on the • 
PMC (PubMed Central) articles.
It also allows a significant addition to the 42K names available • 
from the Gene Ontology Consortium and LocusLink.

Disadvantages of this approach are: The false positive gene/protein 
names found in the PMC articles reveal new difficulties for the 
basic task of identifying gene and protein names in biomedical 
text. For example, in abstracts, entities like restriction enzyme 
sites, laboratory protocol kits, primers, vectors, molecular biology 
supply companies are usually scarce. In the MEDLINE abstracts 
Gene symbols may contain hyphens, Greek letters, and roman 
numerals. This work can be extended by considering rule based 
approach with dictionary-based based technique for gene symbols 
which contain hyphens, Greek letters, roman numeral. 
[3] SGPE (for synonym extraction of gene and protein names), a 
software program that recognizes the patterns and extracts from 
MEDLINE abstracts and full-text journal articles candidate 
synonymous terms. Type I consists of the correspondence between 
the short and long forms of gene and protein names (e.g., LARD 
and lymphocyte associated receptor of death). Type II consists 
of the correspondence between all short forms (e.g., Apo3, DR3, 
TRAMP, LARD, and wsl). Difficulty with this method is in 
identifying Type II automatically between single-word gene and 
protein names. Two filters such as SGPE-Filter-1 and SGPE-
Filter-2 that apply external and internal knowledge to filter out 
those terms that are not gene and protein synonymous names. 
Advantage of this approach is that it is an useful tool for identifying 
newly joined synonymous gene and protein names from the 
Literature. SGPE’s performance was much higher (90%) on full-
text articles. A disadvantage is that it is more difficult to recognize 
gene and protein synonymous terms when they are not associated 
with parentheses. It will not discuss about automatic methods 
for identifying the synonymy between multi-word names. This 
work can be extended by developing a new software program to 
explore automatic methods for identifying the synonymy between 
multi-word names by linking those names to their short forms and 
using the equivalence between short forms.
[4] Identifies genes in biomedical text within two stages: identifying 
gene mentions and normalization of gene names. They take the 
output of named entity recognition (NER) systems designed to 
identify genes and normalizes them to standard referents. The 
system identifies human gene synonyms from online databases 
to generate an extensive synonym lexicon. Integrated systems 
for gene identification typically have three stages: identifying 
candidate mentions in text, identifying the semantic intent of 
each mention, and normalizing mentions by associating each 
mention with a unique gene identifier. Several approaches have 
been proposed for gene normalization, including classification 
techniques [6-7], rule-based systems [8], text matching with 
dictionaries [9], and combinations of these approaches. These 
approaches are good at 
1. First, online databases contain highly accurate annotations 
from expert curators, and thus serve as excellent information 
sources.
2. Second, refreshing of specialized lexicons from online sources 
provides a means to obtain new information automatically and 

with no human intervention.
But problem is 
This approach Restricted to human genes only. And regular 
differences in spelling and punctuation generate additional non-
standard forms.
If multiple gene identifiers share the same synonym, it results in 
ambiguity. Another type of ambiguity is caused by gene symbols 
or synonyms being common English words or other biological 
terms.
So the possible extension is that Statistical Approach can be 
used for normalization instead of rule-based approach along with 
classification techniques, text matching with dictionaries.
[5] The MEDLINE database of biomedical abstracts contains 
scientific knowledge about thousands of interacting genes and 
proteins. This method used in identifying gene protein names 
in biomedical documents is a part-of-speech (POS) tagger. The 
goal of a POS tagger is to automatically assign each word in 
a piece of text its part of speech, a task that can be easily and 
accurately performed on a computer. For the purpose of gene/
protein name extraction, POS information can also be used in 
rule-based systems for rule conditions and/or error recovery, or as 
features in machine learning algorithms, for example, in Hidden 
Markov Models (HMMs) or decision trees. A method for tagging 
gene and protein names in biomedical text using a combination of 
statistical and knowledge-based strategies. One rule based method 
PROPER (PROtein Propernoun phrase Extracting Rules)[10], 
uses surface clues like capital letters, numbers and symbols to 
extract core terms for potential protein names which are later 
connected to other terms in the surrounding text. Advantages of 
this approach is that it automatically generates gene/protein names 
from training set, followed by details of post-processing strategies 
to decrease false positives and false negatives. Disadvantage is that 
the PROPER system does not rely on a dictionary, uses manually 
generated rules and can recognize compound words. The possible 
extension is that we can use Abgene tagger instead of a part-of-
speech tagger.

III. Proposed Work
Fig. 1, presents our proposed system for identifying Synonymous 
Gene. The framework consists of three phases: 

Pre-processing• 
Identifying synonyms • 
Construction/ Updating of Gene database • 

Fig. 1: Proposed System for Identifying Synonymous Gene 
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A. Preprocessing
Pre-processing is a technique to retrieve gene or protein terms from 
Biomedical documents. The following are the natural language 
techniques used in preprocessing:

1. Tokenization
Tokenization is the process of breaking a stream of text up into 
words, phrases, symbols or other meaningful elements called 
tokens. The list of tokens becomes input for further processing 
such as parsing or text mining. The Medline abstracts are converted 
into the token string by using [16] .
Example: Lymphocyte associated receptor of death.
|Lymphocyte| |associated| |receptor| |of| |death| |.|

2. Stop word Removal
After filtering the four important fields, the stop words from Title 
and Abstract (i.e., common English words which do not provide 
meaningful information) are considered for removal. The stop-
words are high frequent words that carry no information (i.e. 
pronouns, prepositions, conjunctions etc.). Removal of stop-words 
improves information extraction results. The Medline abstracts 
contain protein names, gene symbols and other words. The other 
words may include stop words and verbs that may play no role 
in the proposed work, thus those words are removed by using 
the stop word list and verb list. Few of the stop words that are 
considered in our work are shown in Table 1. 

Table 1: Sample List of Stop Words
Stop word list
“a”
“an”
“they”
“those”
“I”
“We”
“in”
“on”
“Which”

3. Stemming
Stemming is the process of removing suffix to generate root word. 
Suffix removal algorithm such as [15] normally rely on a lookup 
table that consists of predefines forms and root form relations. But 
such algorithm has the following problems as stated in[12]:
Error #1: The non-existence of “e” at the end of the words that have 
m=1 and begin with a consonant, and end with two consonants; 
for example Paste → past, past→ past
Error #2: The removal of “s” in step1 from words ending with 
“is” such as his and appendicitis: 
Appendicitis →append, Append → append 
Error #3: Words ending with “yed” and “ying” and having different 
meanings may end up with the same stem: 
Dying →dy (impregnate with dye), Dyed → dy (passes away) 
Error #4: The removal of “ic” or “ical” from words having m=2 
and ending with a series of consonant, vowel, consonant, vowel, 
such as generic, politic…: 
Political→polit, Politic →polit, Polite → polit 
Error #5: The removal of the suffix “ative” from all words ending 
with it and having m=1 or m=2, the thing that leads to serious 
conflicts: 

Combative →comb, Comb → comb 
Generative →gener, General → gener 
Error #6: The removal of the suffix “ness” from all words where 
m=1 and end with consonant, vowel, consonant (cvc) such as 
witness:
Witness → wit, Wit → wit
Error #7: The suffix “al” is removed from all words where m=2 
e.g. admiral, animal…:
Admiral → admir, Admire → admir
Error #8: The elimination of the suffix “eer” from words with 
m=2 such as engineer:
Engineer → engine, Engine → engin
Error #9: The exclusion of the suffix “ible” from all words where 
m=2 starting by a consonant and not ending with a series of 
consonant, vowel, consonant, vowel, such as responsible:
Responsible → respons, Response → respons
Error #10: The exclusion of the suffix “ance” from words with m=2 
ending with a series of consonant, vowel, consonant, vowel:
Severance → sever, Several → sever
Error #11: The removal of the suffix “ment” from all words even 
those ending with “iment” having m=2 and not ending with a series 
of consonant, vowel, consonant, vowel; e.g. experiment:
Experiment → experi, Experience → experi
Error #12: The elimination of “ion” from all words where m=2 and 
not consonant, vowel, consonant, vowel, without replacement:
Secretion → secret, Secret → secret
Error #13: The removal of the suffix “ate” or “nate” from all 
words where m=2 and ending with a series of consonant, vowel, 
consonant, vowel:
Designate → design, Design → design
Error #14: The elimination of the suffix “ize” from all words 
having m=2 and starting by a consonant, and ending with a series 
of consonant, vowel, consonant, vowel:
Colonize → colon, Colon → colon
Error #15: The exclusion of “itive” from words with m= 1 and 
starting by consonant, and ending with a series of consonant, 
vowel, consonant, vowel:
Positive → posit, Position → posit
Error #16: The removal of “iti” from all words where m=2 
starting by a vowel and ending with a series of consonant, vowel, 
consonant, vowel:
Ameniti → amen, Amen → amen
The removal of “iti” from all words where m=3 starting by a vowel 
and not ending with a series of consonant, vowel, consonant, 
vowel:
Universiti → univers, Universe → univers
But this alogirthm also shows errors for certain words as listed 
below: 

If a word ends with “ance” suffix then that suffix is removed • 
which gives different meaning same root word 

Ex: Importance → import
 Import → import

If a word ends with “ance” suffix ,m=2 and consists of series • 
of consonant-vowel it is replaced by “e” 

Ex: Severance→ severe where m is(vowel-consonant pair
 Severe→ severe these two are having same root but differs in 
meaning.

If the word ends by “tion” ,m>1 then the suffix is removed • 
which gives different roots for same meaning word

Ex: Education→ educat
Educative→ educate
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If the word ends with “iti” with m>1 then the suffix “iti” is • 
removed which gives same root word for different meaningful 
words

Ex: Minority → minor (section of people)
 Minor → minor (related to age)

If the words ending with “ying” is replaced by “i” and “yed” • 
is replaced by “y” when m=0 and starts with consonant-vowel 
then also the root is not same for similar meaning words

Ex: Buying→ bui
 Buyed→ buy

Words ending with “e” are considered for removal in this • 
algorithm but don’t remove those words for m=2 because it 
changes the root word.

Ex: Polite→ polit
Some words are replaced with “i” for the suffix “ative”. But • 
there is no root word present with authorit

Ex: Authoritative→ authorit 
We extend the improved porter stemmer algorithm with the help 
of sample rules. Finally verifies and validates the performance 
and efficiency of the created dictionary by using precision, recall 
and F-measure metrics. 

B. Identifying Synonyms
There are two types of synonyms for gene and protein names, Type 
I and Type II. We distinguish between Type I and Type II, Type I 
consists of the correspondence between the short and long forms 
of gene and protein names (e.g., LARD and lymphocyte associated 
receptor of death). Type II consists of the correspondence between 
all short forms (e.g., Apo3, DR3, TRAMP, LARD, and wsl). [11] 
developed a method for linking the short and long forms of gene 
and protein names when both appear in published abstracts. 
For example, the mention “alpha2Cadrenergic receptor” in PMID 
(PubMed Identifier) 8967963 matches synonym “Alpha-2C 
adrenergic receptor” of gene ADRA2C after normalizing case, 
replacing hyphens by spaces, and removing spaces. They identified 
the patterns that authors use to define synonymous short gene and 
protein names by analyzing a sample of MEDLINE abstracts and 
full text journal articles. Then they coded these patterns in SGPE 
(for synonym extraction of gene and protein names), a software 
program that automatically extracts synonymous gene and protein 
names associated with the patterns. The names usually are the long 
forms of their symbols and describe the functions of the genes 
or proteins. We assume that authors define gene/protein symbols 
in their articles when the meanings are new in literature and the 
definitions can be captured by a computer program. We identify 
synonyms by using SSFPOA measure that is based on 12 measures 
[13]. The measure SSFPOA uses domain dependent as well as 
domain independent ontologies to construct semantic similarity 
matrix between all pairs of tokens and then clusters tokens with 
high similarity as shown in fig. 2:

Fig. 2: SSFPOA Approach for Finding Semantic Similarity 

Layer 1 is an exact string matcher which gives either 0 or 1 
depending on equality. If it generates 1 then level 2, 3 are not 
performed and is directed to level 4 for context matching. Layer 
2 uses 2 matchers (neuron units) and layer 3 uses 6 matchers. 
Structural matcher considers the depth of the node within the tree 
along with the other structural features such as:

Number of children for each node • 
Number of subclasses for each class of ontology (protein • 
family)

Also semantic similarity is measured in the range of 0-1. The 
algorithm SSFPOA has focused on interpreting the frequent 
patterns that are mined, especially extracting semantically similar 
items and clustering them, instead of generating large number of 
distinct rules for semantically similar items with separate support 
values, related rules can be reduced.

C. Construction/Updation of Gene Database 
The Extracted gene/protein synonyms are stored in a database. In 
the database already consists of these gene/protein names, they are 
discarded; otherwise add new gene/protein names to the database 
(possible after filtering by a human biologist) that will enlarge 
the current database. Finally, this overall process can be iterated 
to construct a large database.

IV. Conclusions and Future Work
It is a general practice for authors to use different names to refer 
to the same gene or protein names across articles. Identifying the 
alternate names for the same gene/protein would help biologists 
to find and use relevant literature. This paper studied existing 
methods for identifying these name variations and proposed a 
new method for identifying Gene Synonyms. The proposed work 
uses 3 phase architecture for extracting Synonymous gene and 
protein names from biomedical text documents. In the first phase, 
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pre-processing is carried out to prepare text document suitable for 
subsequent stages with the help of NLP techniques. An extended 
improved porter stemmer algorithm is proposed to find root 
words. In the second phase, we find synonyms for the extracted 
gene and protein names using SSFPOA measure. Finally in the 
third phase we construct/ update Gene database depending on its 
presence. Extracted synonyms will be validated and verified using 
performance measures such as precision, recall and F-measure. 
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