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Problem Statement
● Drug target search

○ Relies heavily on inferential computational methods working 
with sequence and structure similarities. 

○ Commonly followed by time consuming manual examination
● Automated curation of large data streams

○ Micro-arrays, two-hybrid systems provide high throughput 
large data collections. 

○ High data volume makes interpretation challenging. 
● Protein Function Prediction

○ Predicted by extrapolation of information gathered from 
small set of proteins. 

○ Performed by experts and can have inter-observer variance. 
● Link unstructured data to structured annotation databases

○ How to link free-flowing text data to structured databases 
automatically?

● Gene Ontology
○ Manual annotation of proteins from model organisms.



A Perspective on Bioinformatics Data
● Bioinformaticians handle a broad spectrum of 

heterogeneous data.
● A vast collection of databases with keywords, 

protein sequences, abstracts and structural 
information.
○ INTACT [Hermjakob et al., 2004], BIND [Bader et 

al., 2003], DIP [Xenarios et al., 2002]
● Free textual data 

○ 12 million abstracts in national Library of Medicine 
(NLM) [Wheeler et al., 2003] 

● Medical Ontologies 
○ Unified Medical Language Systems (UMLS) 

metathesaurus [Bodenreider, 2004] 
○ Contains 2 million names for  0.9 million concepts.

● Availability of this data is a required precursor to 
any text mining solution



Text Mining and Natural Language Processing (NLP)

● Text Mining and Natural language 
processing (NLP) is a subfield of computer 
science 

● Concerned with the interactions between 
computers and human (natural) 
languages. 

● In particular, how to program computers to 
process and analyze large amounts of natural 
language data.



Applications of Text Mining in Biomedical Text 
Analysis



Biological Entity Tagging (Named Entity Recognition)
● Recognition and tagging of salient entities in an 

unstructured text is of great importance for 
searching, curation, and to identify relationship 
with other available data. 

● Example:
○ “erythroid myeloid ontogenic factor, changed 

to Zbtb7 after a lawsuit was threatened”
○ What are the entities of interest here?
○ What is their relationship?

● Query unstructured text, returns relevant 
documents. 

● Challenged by
○ Complex biomedical language
○ Ambiguous names (proteins may be referred 

to by their name or symbol)
○ Ambiguous meaning (same name for a gene 

and experiment). 



Biological Entity Tagging (Named Entity Recognition)
● Different approaches have been adopted to address this 

problem. 
● Ad-hoc rule-based approaches 

○ [Fukuda et al., 1998] Maintain a dictionary of words, and 
use exact or fuzzy matching 

○ [Krauthammer et al., 2000] using Lavenshtein Distance 
[Navarro, 2001]

● Machine Learning based approaches (pre-deep learning)
○ Training an ML classifier using hand-crafted text features 

like POS tags, bigram/trigram frequencies , suffixes 
[Tanabe and Wilbur, 2002] 

○ Support Vector Machine [Kazama et al., 2002] with 
hand-crafted binary features for named entity recognition 

○ Bayesian Learning, decision trees and inductive rule 
learning [Hatzivassiloglou et al., 2001]. 

● Deep Learning (State-of-art) 
○ Recently, state of art deep learning based approaches 

(LSTM/RNN) have been applied for biomedical NER 
[Wang et al., 2018, Dang et al., 2018]



Information Retrieval (IR)
● Information Retrieval (IR) 

recovers relevant information 
given a free text query.

● Information retrieval is the science 
of searching for information in a 
document or database, and also 
searching for metadata that 
describe data.
○ Data can be 

■ Text
■ Images
■ Media Files



Information Retrieval (IR)
● Techniques such as “document neighboring” were 

first applied in [Wilbur and Coffee, 1994]. 
● Idea is to keep relevant, connected documents 

close to each other in a code-word space. 
● The idea has been built upon recently, using 

word2vec [Mikolov et al., 2013], doc2vec [Le and 
Mikolov, 2014], sentence2vec [Le and Mikolov, 
2014], which assigns code-words which are close to 
each other in vector space, and can be used to train 
ML classifiers. 

● The current state-of-art in biomedical NER uses the 
abpve code-word representation of the words
○ One such method was proposed in [Wang et al., 

2018] which uses word2vec embeddings to 
represent biomedical text. 



Extracting Protein-Protein/Gene-Gene Interactions
● Extracting the protein interaction relationship is an 

important research topic in bioinformatics and 
systems biology.

● Extracting protein-protein interactions involves 
searching for two proteins in the text and 
determining whether they interact with each other.

● In previous studies, researchers searched for 
protein-protein interactions manually.

● Challenging because:
○ No unified naming rule for proteins has been 

established yet. 
○ Many proteins and genes use the same 

name



Extracting Protein-Protein/Gene-Gene Interactions
● Efforts have been made to extract semantic relationships between 

proteins automatically from free text on PubMed [Kim et al., 2007] 
● Similar analysis methods of literature abstracts include grammatical 

analysis [Fundel et al., 2006, Šaric et al., 2005], context-free grammar 
analysis [Temkin and Gilder, 2003], and other information retrieval 
methods. 

● Recently, another method was proposed in [Mallory et al., 2015] called 
DeepDive for large scale extraction of gene interaction from full-text 
literature



Extracting Protein-Protein/Gene-Gene Interactions



Extracting Gene-Trait Interactions (Predicting Genes)
● Various different approaches have been proposed for this. 

○ SUSPECTS [Adie et al., 2006] is a web-based server which combines annotation and 
sequence-based approaches to prioritize disease candidate genes in large regions of interest.

○  POCUS [Turner et al., 2003] (prioritization of candidate genes using statistics), a novel computational 
approach to prioritize candidate disease genes 

● Recently, another method was proposed in [Gaulton et al., 2007] called CAESAR, 
which tries to address some of the challenges with SUSPECTS and POCUS. 

● Particular, CAESAR is not limited to one or more genomic regions, and all genes 
annotated in database are candidates.



Extracting Trait-Gene Interactions (Predicting Traits)
● The relationship can also be extracted the other way round. 
● Given a summary statistic of genes and polygenic traits as training examples, 

can a system be trained to produce polygenic traits given a gene 
profile? 

● Recently Paré et al. in [Paré et al., 2017] proposed a machine learning 
based method which uses summary-level data from large genome-wide 
meta-analyses to improve the prediction of polygenic traits.



Extracting Trait-Gene Interactions (Predicting Traits)



Applications of Text Mining in DNA/RNA Sequence 
Prediction



Sequence Alignment in DNA/RNA 
● Alignment is also an important topic in natural language 

processing. 
● DNA or RNA sequences can also be viewed as text. 

Sequence-based multiple sequence alignment methods 
can be used only at the sequence similarity level.

● The secondary structures of ncRNAs are usually more 
conserved than their sequences

● The functions of many ncRNAs are therefore 
determined by their secondary structure rather than by 
their sequences. 

● As a result, structure-based multiple sequence 
alignment methods have been developed to align an 
input sequence to known ncRNA structures to 
determine the ncRNA class to which the input sequence 
belongs



Sequence Alignment in DNA/RNA 
● Alignment is also an important topic in natural language 

processing. 
● It was used for an early version of machine translation 

system. 



Sequence Alignment in DNA/RNA 
● To this end, LocARNA [Will et al., 2007] have been proposed and used to 

automatically align secondary structures using an energy function. 
● Another extension to this method called LocRNA-P [Will et al., 2012] uses a 

probabilistic model to model uncertainities in sequence alignment. 



Remarks and Conclusion



Remarks
● Many methods proposed for NLP tasks such as NER, 

POS Tagging, Semantic Relationship mapping and so 
on can be directly applied to a number of biomedical 
text analysis problems. 

● Some of these methods can be generalized to work 
with DNA sequences, performing sequence alignment, 
motif detection, and protein structure prediction. 



Future Work
● Where are we headed?

○ NLP in biomedical text analysis have enabled industry to spur into action.
■ Automated report generation, where layman language from patient-doctor interaction is 

automatically mapped to proper biomedical concepts in UMLS dictionary.
● Echo -> echocardiogram
● Valve in aorta -> Aortic Valve Stenosis

■ Many startups are working in this domain
● Phraze https://www.phraze.co/
● PlutoHI http://plutohi.com
● NotableHealth http://notablehealth.com/ 

○ Easy and highly relevant searchability from an ocean of free text literature
■ Google like capability to search through unstructured free text, while producing results 

similar to structured database queries. 
■ Exact results for text-based queries. 
■ Query: “Does p53 pathway get suppressed in high grade gliomas?”

● Answer: “Yes. More details can be found in paper: Modern Brain Tumor Imaging”

https://www.phraze.co/
http://plutohi.com
http://notablehealth.com/


Future Work
● Inspiration from other fields

○ As more and more NLP methods are being improved using Machine 
Learning (ML) and Deep Learning (DL), it is only a matter of time 
before ML and DL enters into bioinformatics completely. 

○ Even for tasks not directly related to NLP, ML/DL can prove useful.
○ As more gold-standard data is generated (DNA sequence alignment, 

gene-trait relationships), data-driven technologies like ML/DL will start 
becoming relevant. 

○ However, ML/DL applications may pose a challenge regarding 
interpretability.



Some Applications not Covered in this Review



Some Applications Not Covered in this Review
● Text Mining applications in Protein Research 
● Application to noncoding RNA Identification
● A good place to review these applications is [Zeng et 

al., 2015]
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