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Abstract - In this paper, a method for retrieval of documents focused for a given gene-disease association is presented. For a given 
query containing a gene and a disease, the proposed algorithm selects and ranks rich and conclusive biomedical documents from a 
document pool containing information regarding the gene-disease mentioned in the query string. It is believed that the documents 
retrieved by the proposed document retrieval system are highly relevant to the gene and disease mentioned in the query and so 
retrieving high relevant documents will aid medical expert curators to completely curate association between the gene and disease 
in a less time. 
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I. INTRODUCTION 

 
The basic objective of studying gene disease 

association is to identify the influence of gene over a 
disease by analyzing people having the same gene with 
and without disease under consideration. A gene disease 
association must be interpreted carefully for proper 
understanding of the cause and cure of the respective 
disease. A gene disease association does not mean that the 
genetic variant is not an important factor for the cause of 
the disease. A gene is considered to be associated with a 
disease if some type of its alterations is frequently seen in 
people having that disease. To diagnose and cure a 
disease efficiently more research is concentrated in 
finding associations between a gene and a disease. So far 
a large volume of biomedical literatures are presented 
describing the association between the gene and disease. 
Also search engines are developed to extract literatures 
relevant to a given gene disease association. To enhance 
the knowledge sharing process and improve the research 
further the associations between the gene and the disease 
mentioned in the literatures are to be curated. Many 
databases containing gene-disease association have been 
constructed and made available over internet. Such 
database includes GHR-Genetic Home Reference and 
OMIM-Online Mendelian Inheritance in Human.  

Even though some databases for gene-disease 
association exist, it is hard to curate them completely in a 
short span. This is mainly due to following reasons: a 
huge volume biomedical literature is to be analyzed to 
identify possible gene-disease association, to curate a 
single gene-disease association a careful survey of all the 
biomedical literatures has to be accomplished. To curate a 
gene disease association it requires a large number of 
experts in the field of biomedicine. The experts have to 
put lot of effort and have to spend more time to maintain 
and update the dataset properly. Thus to curate recent 

findings from the literature in the biomedical research, it 
takes great time [1-4].  

For conducting the experiments, a huge set of journals 
from PubMed Central (PMC) Open Access is used as it is 
a free full-text archives of biomedical and life sciences 
journal literature. The journals which contain keywords 
like cardio-vascular, neural, and other Gene names are 
extracted. In this paper, a review of prior work for 
retrieving the documents which is processed through the 
use of keywords is presented. Based on the submitted 
query, the system outputs a list of sorted documents. As a 
query is made with a logical combination of keywords 
that occur in a set of documents, the documents are 
retrieved using a search mechanism. These search engines 
follow different retrieval techniques such as Vector-space 
model [5], Boolean model etc. [6]. The performance of a 
document retrieval system can be measured through 
parameters like Precision and Recall.  
 
 

II. PROPOSED METHODOLOGY 
 

The document retrieval process is initiated with the 
task of keyword detection in each document and then 
using the TF-IDF score of the detected keywords they are 
ranked. The high rank documents containing the 
keywords given in the query are selected and given to the 
user. It is assumed that the phrases which indicated the 
gene-disease association in the document contains at least 
one gene and target disease name. Key words are the 
words increasing possibility of sentence containing 
interaction relationships, such as genes and diseases.                   
A dictionary of gene name is constructed from the OMIM 
database [7] and disease name dictionary is built from 
Genetic Association Database (GAD) [8]. In the 
document retrieval process all gene and disease names are 
considered as key words.  
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A. Key Word Detection 
 

In this work an external corpus is not utilized in the 
document retrieval process. Two different strategies 
considered in this work to handle the keyword detection 
problem in the text of the documents are the clustering 
and the entropic approaches. Always there exist a crucial 
coherence between the spatial distribution of a word and 
its importance in the document. This factor is considered 
mainly in this work as the most relevant words are in-
homogeneously distributed in the document and are 
highly relevant to the important topics of the text. These 
words having a large fluctuation in their frequency occur 
in certain regions and also they have a tendency to form a 
cluster. 

The entropic approach, a novel keyword detection 
technique was presented in [9]. The Shannon’s entropy is 
utilized in the work for defining a novel technique based 
on the series of appearance of each word present in the 
document text. For the entropy calculation of any word a 
segment of the text is needed.  

The measures of relevancy between words considered 
in this work are, the entropic measure defined as Enor, and 
the clustering measure defined as C. The mathematical 
equations to calculate both the measure are given below. 

To define the entropic measure Enor Shannon’s entropy 
is used and as mentioned earlier to calculate the entropy a 
partition of the text is needed. A text of length N is 
divided in to P parts and for each type of word w, a 
probability measure for the partition {pi(w)} can be 
defined as follows:  

 

 
 
where fi(w) is the occurrence frequency of the word type 
w in the ith part.  

For the above mentioned distribution, Shannon’s 
entropy can be defined mathematically as given in below 
equation: 

 
To eliminate the dependency of the definition on the 

occurrence frequency, Herrera and Pury [10] defined the 
normalized entropy 
 

 
 

If the value of Enor(w) is larger, then the diversity of 
the word type w ‘s distribution will be larger and so the 
relevancy will also be larger. If the words are distributed 
randomly, then the Enor value will be equal to 1. The value 
of Enor is highly influenced by two factors 1) number of 

parts P that the text is divided and 2) method adopted for 
dividing the text. 

To improve the method developed in [6], the 
clustering measure C was used. The text with length N 
and a word having occurrence frequency n can be denoted 
by {d1, d2, . . . , dn−1}. The inter occurrences distances of 
the word which can be considered as a measure of the 
relevance of the word can be represented as below. 
 

σ = s/ d , 
 
where s, the standard deviation = (   − d  2 ) 1/2 
d ‐the average distance. 

By this representation the large value of σ means, 
relevancy is larger. Even though the keyword detection 
using σ appears as a perfect technique to detect keywords, 
σ has some weakness that can lead to inappropriate 
results. The measure C corrects some of its weaknesses. It 
should be noted that the randomly placed words don’t 
have the same level of clustering σ. This is due to its 
dependability on the probability p = n/N of the word in 
the text. To eliminate that, normalization of σ needs to be 
done using the equation given below:  
 

 
 
where  is the expected value of σ for a word with 

probability p randomly distributed. With this 
normalization, values around σnor = 1 shows irrelevant 
information content of the word for the given text. The 
large values of σnor indicate more clustering which means 
they are more relevant.  

On the other hand, the frequency of occurrence n 
decides the value of both σ and σnor. By simulation of 
random texts, that the n dependence of the mean σnor  and 
the standard deviation sd(σnor) is well fitted by the 
functions 

 

 
 
After considering the above functions, the measure C, is 
mathematically represented as follows 
 

 
 

If the value of C is ‘0’, it means that the word 
distributed in a random manner and if the value of C is 
high then the word is highly related. If the value of C is 
negative then it represents a state of repulsion. 
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B. Document Retrieval 
 

In this paper, for extracting the more relevant 
documents containing detected keywords given in query 
are taken based on the weight. The weight of the detected 
keywords is calculated using parameters like the Term 
Frequency, TF and Inverse Document Frequency, IDF. 
The TF is a measure which can be used to detect most 
occurring term in the documents and the term IDF 
represents the percentage of importance of keyword in 
relevant documents i.e. the number of term, t that 
occurred in a document, d which is term freq(t, d).  

The term frequency can be given mathematically as: 
 

 
 
where f (t, d) is the number of occurrence the term-t in the 
documents-d. 
 The IDF represents the scaling factor and the 
significance of the keyword and is represented as: 
 

 
where  
 
N = Number of documents available in the corpus. 
 

 = number of documents in which the 
term t appears. 
 
The TF-IDF measures: 
 

 
 

The overall keyword weight is given by this measure 
and it is helpful while retrieving relevant documents. It is 
considered that a corpus contains K unique terms, and a 
document contains k unique terms. In the vector space 
model, the documents are represented as a vector of k-
dimension in a vector space of K-dimension. Normally the 
value k will be less than the value of K, as it is obvious 
that not all the terms present in the corpus will appear in 
the document. The tf-idf weights are the values in the 
vector with respect to the k terms that present in the 
document. And they are calculated using the above 
formula. If the K-k terms are not present in the document 
then their corresponding entry is 0. Since their tf weight in 
the current document will be 0, as they do not appear in 
the document. It should be noted that the corresponding 
idf scores will not be 0, as the measure idf denotes a 
collectionwise statistic and it rely on the documents taken 
in the corpus.  

The term tf , denotes a documentwise statistic and it 
relies on the current document. Therefore if a term is not 
present in the current document, then the corresponding tf 

score is 0. If it is multiplied with idf, then the tf-idf weight 
of the term K-k becomes 0. Finally a sparse vector is 
generated with 0 in its majority of entries. At the end the 
document is represented as vectors in the vector space. A 
document vector contains an entry for each term, and the 
value is its corresponding tf-idf score. 

In a similar fashion the query text is represented as a 
vector in the K-dimensional vector space. As they are 
shorter than the documents they will have much fewer 
dimensions. The similarity value between the vectors of 
query and each of the documents is computed. Based on 
the similarity value the documents are sorted and 
documents with high similarity values are selected as their 
relevancy to the query is higher. Prior to the computation 
of similarity scores between the query vector and 
document vector, both the vectors are normalized to 
obtain a unit vector. 

Finally the documents are retrieved by computing the 
similarity scores between the keywords present in the 
query and the document vectors. The angle between the 
vectors gives the similarity score. In the vector space the 
similar documents will be closer and the angle between 
them will be smaller. The angle between the vectors is 
calculated based on cosine similarity technique. The dot 
product of the vectors gives the cosine of the angle 
between the two vectors. If the angle between the vectors 
is small then the cosine value will be large. This shows 
that if two similar vectors the corresponding cosine 
similarity will be large. Once the angle between the query 
vector and all the document vectors is computed using 
cosine similarity, sort the angle in descending order, and 
select the corresponding documents with high cosine 
similarity. This will give an ordered list of documents 
related the given query. 

 
III. RESULTS AND DISCUSSION 

 
The effectiveness and reliability of a document 

retrieval system can be evaluated using two measures 
such as precision and recall. These are first defined for the 
simple case where a system retrieves a list of documents 
for a query.  
 
Precision (P) is the ratio of the number of items received 
to the number of relevant items. 
 

 
 
Recall (R) is the fraction of relevant documents that are 
retrieved  
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The Averaged 11-point precision/recall graph across 
50 queries is shown in Fig. 1 and the Mean Average 
Precision for this system is 0.2553. In Fig. 2 results of 
retrieval with TF-IDF on our data is presented. 

High values of wd are concentrated on the beginning 
of the graph, so basing query retrieval on the top words 
here will likely return relevant documents. The extra 
graph indicates the exponential of the resultant curve.  

 
IV. CONCLUSION 

 
This work shows that TF-IDF is an efficient and 

simple measure to match keywords given in a user query 
to documents that are related to the corresponding query. 
From the experiments conducted on the set of collected 
documents, it is seen that TF-IDF score retrieves highly 
related documents for a given query. If the user query 
search for a certain topic, TF-IDF score helps to retrieve 
documents containing relevant information on the query. 
Also, encoding TF-IDF is straight-forward, this feature of 
it makes it fit for more query based document retrieval 
systems. The TF-IDF score has some drawbacks. The TF-
IDF score will be suitable only if the query contains an 
exact keyword which is found frequently in the document. 
If the user wanted to find retrieve documents related to 
documents containing association between a gene and a 
disease TF-IDF will never retrieve documents that might 
be related to the query but searches for an exact match for 
the word in the query. So in this work we have identified 
keywords from each of the document and then document 
containing the relevant keywords are further processed for 
identifying the TF-IDF score. Then the highly ranked 
documents are retrieved from the prior extracted result 
eliminating the less relevant document.  
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Fig.1 Precision-Recall curve for the retrieved documents 

 
 

 
Fig.2 Results of retrieval with TF-IDF on our data. 

 


