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Following advances in DNA and protein sequencing, the application of computational approaches in 
analysing biological data has become a very important aspect of biology. Evaluating similarities 
between biological sequences is crucial to our understanding of evolutionary biology, and this can be 
achieved by basic local alignment search tool (BLAST) and fast alignment (FASTA). BLAST and FASTA 
have become fundamental tools of biology and it is essential to know how they operate, the task they 
can accomplish and how to accurately interpret their output. This paper provides an analysis of BLAST 
and FASTA in sequence analysis. Both BLAST and FASTA algorithms are appropriate for determining 
highly similar sequences. However, BLAST appears to be faster and also more accurate than FASTA. 
Both BLAST and FASTA are limited in sensitivity and may not be able to capture highly divergent 
sequences in some cases. Consequently, evolutionarily diverse members of a family of proteins may be 
missed out in a BLAST or FASTA search. 
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INTRODUCTION 
 
The term bioinformatics was coined by Paulien Hogeweg 
of Utrecht University in 1979 for the study of informatic 
processes in biotic systems, but the field of bioinformatics 
did not become recognized until the 1990s (Hogeweg, 
1978; Luscombe et al., 2001). Currently, bioinformatics is 
defined in many ways and there is no consensus 
definition. Perhaps one of the most appropriate 
definitions is that proposed by the National Institute of 
Health, USA which states that bioinformatics refers to 

“research, development or application of computational 
tools and approaches for expanding the use of biological, 
medical, behavioral or health data including those to 
acquire, store, organize, archive, analyse or visualize 
such data” (National Institutes of Health, 2010). This 
definition identifies three-fold objectives of bioinformatics. 
Firstly, bioinformatics organizes data in a way that 
permits researchers to access existing information and 
also to  make  submission  of  new  entries  to  databases  
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such as Protein Data Bank. Secondly, bioinformatics 
seeks to develop tools for analysis of data, and thirdly, to 
use these tools to analyze and interpret data results, 
which is the focus of the current review.  

In recent times, application of computational 
approaches to biological data has become a vital part of 
biology, particularly in the analysis of protein and DNA 
sequences. Evaluating similarities between biological 
sequences is probably the major means by which 
bioinformatics contributes to our understanding of biology 
(Pearson and Lipman, 1988; Bansal and Meyer, 2002). 
The most common bioinformatic tools for executing this 
purpose are basic local alignment search tool (BLAST) 
and fast alignment (FASTA), which perform comparisons 
between pairs of sequences, based on regions of local 
similarity (Altschul et al., 1990; Pearson and Lipman, 
1988; Luscombe et al., 2001). BLAST and FASTA have 
therefore become fundamental tools of biology and it is 
essential to know how they operate, the tasks they can 
accomplish and how to accurately interpret their output.  

Though there is considerable amount of literature on 
sequence analysis and database searching tools, 
generally the literature is unsuitable for beginners in the 
field, as the style of communication is highly advanced 
and rather targets expert bioinformaticians. With the 
increasing usage of BLAST and FASTA by non-
bioinformaticians, there is the need for more basic review 
articles on the subject. This paper provides an analysis of 
the use of BLAST and FASTA in sequence analysis, and 
it is particularly targeted at beginners in the field of 
bioinformatics.  
 
 
DNA AND PROTEIN SEQUENCES: PRIMARY 
STRUCTURE  
 
DNA has a primary structure that arises from the 
directional polymerisation of single nucleotide units. Each 
nucleotide unit of a DNA molecule comprises a 
deoxyribose sugar, a nitrogenous base (adenine, 
guanine, cytosine, thymine) and a phosphate group. The 
nucleotides units are linked by phosphoester bonds 
which occur between 5' and 3' carbon atoms. DNA 
sequencing entails determining the precise order of 
nucleotides in a DNA molecule, and therefore the primary 
structure. DNA sequencing started with the basic 
sequencing methods developed by Maxam and Gilbert 
(1977) and also Sanger et al. (1977). Currently, DNA 
sequencing has attained high level of technological 
advancement with the so called next generation 
sequencing technologies which are high throughput 
(Mardis, 2008).  

The primary structure of a protein is related to its 
sequence of amino acids linked through peptide bonds 
that form the covalent backbone of the proteins, and it 
includes disulphide bonds, if they are present (Orengo et 
al., 1999). The sequence of amino acids is read from  the  

 
 
 
 
N-terminal amino acid to the C-terminal amino acid. 
There are twenty known amino acids and a polypeptide 
chain comprises a number of certain types of amino acids 
arranged in a definite sequence. This indicates that they 
could be a great diversity of possible protein sequences. 
In general, the primary structure of a protein contains all 
the necessary information required for the manifestation 
of higher, three-dimensional levels of structure and 
function (Orengo et al., 1999). Traditionally, amino acid 
sequences of proteins have been determined directly by 
the Edman degradation reaction (Niall, 1973). The other 
major direct method by which the sequence of a protein 
can be determined is mass spectrometry (Dhaunta et al., 
2010). The amino acid sequence of a protein can also be 
determined indirectly from the DNA sequence of 
prokaryotes, but in the case of eukaryotes it may be 
complicated due to the presence of introns in the genome 
(Alberts, 2002; Lynch, 2002). Practically, primary 
structure of a protein is more easily determined by 
interpreting a gene sequence of nucleotides (with 
reference to the genetic code), than directly from a 
purified protein itself.  
 
 
SEQUENCE ALIGNMENT AND ITS SIGNIFICANCE  
 
Sequence alignment is the process of comparing different 
sequences by searching for a series of individual 
characters or character patterns that have the same 
arrangement in both sequences (Pearson and Lipman, 
1988). There are three main types of sequence 
alignments: pairwise sequence alignment, multiple 
sequence alignment and structural sequence alignment 
(Pearson and Lipman, 1988; Luscombe et al., 2001). 
Pairwise sequence alignment can only be used between 
two sequences at a time. Multiple sequence alignment is 
an extension of pairwise alignment incorporating more 
than two sequences at a time. A structural sequence 
alignment analyzes the whole structure of a protein 
strand, unlike pairwise and multiple sequence 
alignments, and must be visualized three-dimensionally. 
Sequence alignments are either local or global. While 
local alignments finds the best match between two 
sequences, global alignments find the best match over 
the total lengths of the different sequences involved in the 
alignment. Most sequence alignments done are of 
pairwise alignments and are based on local alignments 
(Pearson and Lipman, 1988; Altschul et al., 1997). There 
are three primary methods of producing such pairwise 
alignments, and they are the dot-matrix method, dynamic 
programming and word methods (Mount, 2004). 

To achieve the best possible alignment for two 
sequences, it is essential to include gaps in sequence 
alignments and use gap penalties (Mount, 2008). For a 
given alignment, a gap refers to any maximal, 
uninterrupted run of spaces in a single sequence. The 
concept  of  gaps  in  sequence  alignments  is  essential,  



 
 
 
 
since gaps account for indels that may appear in related 
DNA or protein sequences. Gaps are normally penalized 
by means of a linear gap function which assigns an initial 
penalty for a gap opening, and also an extra penalty for 
gap extensions that widen the gap length (Mount, 2008). 

The objective of a sequence alignment is to identify 
similarity of the aligned sequences which may be a result 
of structural, functional or evolutionary relationships 
between the sequences (Pearson and Lipman, 1988; 
Mount, 2004). Similarity finding based on conserved 
sequence motif can be utilized in conjunction with 
mechanistic and structural information to identify catalytic 
site of enzymes (Altschul et al., 1997; Luscombe et al., 
2001). Pertsemlidis and Fondon (2010) distinguished 
among three terminologies commonly used in sequence 
alignment, which have been abused in their usage. 
These terminologies include sequence identity, similarity 
and homology. Sequence identity refers to exactly the 
same position distribution of nucleotide or amino acid in 
aligned sequences. Sequence similarity takes 
approximate matches into consideration, and for this to 
be meaningful, there should be some scoring of such 
substitutions, with conservative substitutions assigned 
better scores than non-conservative ones. Homology 
strictly refers to the situation where nucleotide or amino 
acid sequences are similar because they have a common 
evolutionary origin. The term is often used loosely to 
indicate that sequences are very similar. Pertsemlidis and 
Fondon (2010) further indicate that although the 
comparison of two sequences is often presented as a 
percentage sequence homology, that usage is inaccurate 
as the value actually reflects identity and/or similarity, and 
does not necessarily indicate an evolutionary 
relationship. 
 
 
SEQUENCE ALIGNMENT AND DATABASE 
SEARCHING TOOLS 
 
Basic local alignment search tool (BLAST) 
 
Background and types of the BLAST programme 
 
BLAST is an algorithm used for comparison of amino acid 
sequences of different proteins or the nucleotides 
sequences of nucleic acid. BLAST was invented in 1990 
and has since then become the defacto standard in 
search and alignment tools (Altschul et al., 1990). 
Through a BLAST search, one can compare a query 
sequence with a database of sequences, and thereby 
identify library sequences that share resemblance with 
the query sequence above a certain threshold. Based on 
such comparison, BLAST can be used to achieve several 
objectives including species identification, locating 
domains, DNA mapping and annotation (Altschul et al., 
1990). There are several different types of BLAST 
programs available, and the choice of a BLAST 
programme depends on one’s objective  and  the  type  of  
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Table 1. BLAST programmes that are commonly used. 
 

Program Query sequence type Target sequence type

BLASTP Protein Protein 
BLASTN Nucleotide Nucleotide 
BLASTX Nucleotide (translated) Protein 
TBLASTN Protein Nucleotide (translated) 
TBLASTX Nucleotide (translated) Nucleotide (translated) 
 

Source: http://www.ncbi.nlm.nih.gov/blast. 
 
 
 
sequences being investigated. The most commonly used 
BLAST programmes are shown in Table 1. 

Apart from these BLAST programmes, relatively more 
recent BLAST programmes such as position-specific 
iterative (PSI) BLAST have been developed with 
improved sensitivity (Altschul et al., 1997; 
http://www.ncbi.nlm.nih.gov/blast). 
 
 
How BLAST works 
 
BLAST is based on a heuristic algorithm (Altschul et al., 
1990). A heuristic algorithm is an algorithm that provides 
almost the correct answer or a solution for some 
instances of the problem. Through a heuristic approach, 
BLAST identifies homologous sequences by locating 
short matches between the two sequences being 
compared. This process is referred to as seeding, and it 
is after this initial match that BLAST begins to make local 
alignments. During the process of seeding, BLAST tries 
to locate all common three-letter words between the 
sequence of interest and the hit sequence, or sequences, 
from the database. In this context, a word is simply 
defined as a number of letters. For example, for blastp, 
the default word size is 3 W=3. If a query sequence has 
ABCDE, the searched words are ABC, BCD, CDE. After 
synthesizing words for a given sequence of interest, 
neighborhood words are also assembled. Once both 
words and neighborhood words are organized, they are 
compared with the database sequences in order to find 
matches. The alignment, which is normally 3 residues 
long, is extended in either direction by the BLAST 
algorithm. Each extension increases or decreases the 
score of the alignment, and should the score be higher 
than a pre-determined threshold, the alignment will be 
included in the results given by BLAST. However, should 
this score fall below the pre-determined threshold, the 
alignment will stop extending, thereby blocking areas of 
poor alignment to be included in the BLAST results. The 
detailed statistical aspects involved in the BLAST 
algorithm are described in a publication by Mount (2004). 

A BLAST output can easily be generated by submitting 
a query sequence at the NCBI site 
http://blast.ncbi.nlm.nih.gov/. The output from a BLAST 
search   consists  of  four  parts.  The  first  is  the  header  
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which is about the descriptions of the BLAST program 
used, the query sequence and the target database; the 
second part of the output is a list of sequences showing 
significant alignments, along with both normalized scores 
and expect (E) values; the third part summarizes the 
alignments and related statistical information, including 
the raw and bit scores, E value, and identity level, for 
each high-scoring alignment. The fourth part displays all 
of the parameters used in the BLAST search. 

E values represent better statistical indicators of how 
significant a particular match is. By definition, the E value 
is equivalent to the number of sequences occurring in the 
database, that is expected to match a given query 
sequence at least as well as the listed sequence does, if 
the relationship between the sequences was random. 
 
 
FASTA 
 
Background 
 
FASTA was invented in 1995 based on an improvement 
in FASTP, another sequence alignment tool invented in 
1985 (Lipman and Pearson, 1985; Pearson, 1990). 
FASTP was used for protein similarity searching, 
however, its improvement in FASTA empowered it to 
execute DNA:DNA searches, translated protein:DNA 
searches, and also provided a more robust program for 
evaluating statistical significance (Pearson and Lipman, 
1988, Mount, 2004). There are several different types of 
FASTA including TFASTAX, TFASTAY, FASTAX and 
FASTAY (http://www.ebi.ac.uk/Tools/fasta/index.html). 
TFASTA and TFASTAY handles query protein against a 
DNA library in all reading frames. FASTAX and FASTAY 
handle DNA query in all reading frames against a protein 
database. 
 
 
How FASTA works 
 
Like BLAST, The FASTA program is based on a heuristic 
algorithm (Pearson and Lipman, 1988). FASTA sets a 
certain size k for k-tuple subwords (ordered set of k 
values). The program then searches for diagonals in the 
comparison matrix of the query and search sequence 
along which many k-tuples match. It then re-scores the 
highest scoring regions with the aid of a replacement 
matrix (a matrix that shows the rate at which a particular 
character in a sequence changes to other character 
states over time) such as the PAM250. After this, it 
attempts to join together the high scoring diagonals, 
allowing for gaps. Finally, it makes an optimal local 
alignment around the regions it has discovered based on 
the Smith-Waterman algorithm.  

An alternative way FASTA works is described as 
follows   (Pearson   and   Lipman,  1988).  In  a  first  step  

 
 
 
 
FASTA tries to identify regions shared by the two 
sequences that have the highest density of single residue 
identities (ktup=1) or two-consecutive identities (ktup=2). 
In a second step, it then re-scans the best regions 
identified in the first step using the PAM-250 matrix. After 
that it determines if gaps can be used to join the regions 
identified in second step. If so, a similarity score for the 
gapped alignment is evaluated. Finally, it constructs an 
optimal alignment of the query sequence and the library 
sequence based on Smith-Waterman algorithm. The 
detailed statistical aspects involved in the FASTA 
algorithm have been described by Lipman and Pearson 
(1985).  

A FASTA output can be generated easily be submitting 
a query sequence (in a FASTA format) at a database 
such as UniProt (http://www.uniprot.org/). The output 
from FASTA is divided into four parts. The first part has 
some information on the database searched and the 
query sequence submitted; the second part is a 
histogram display, which reports graphically the score 
distribution; the third is a list of matched sequences, and 
related statistical information, and fourth, the alignments 
themselves are displayed.  
 
 
BLAST vs. FASTA in terms of precision, accuracy 
and algorithm runtime complexity 
 
BLAST and FASTA are similar in that both programs are 
based on a common assumption that true matches are 
likely to have at least some short stretches of high-
scoring similarity, but whereas FASTA targets exactly 
matching 'words' (strings of residues), BLAST employs a 
scoring matrix - BLOSUM62 for amino-acid sequences 
(Pearson and Lipman, 1988; Altschul et al., 1990; 
Pertsemlidis and Fondon, 2010).  

It is worthwhile defining the terminologies precision, 
accuracy and algorithm runtime complexity in the context 
of bioinformatics software applications, as they form the 
basis of comparison of BLAST and FASTA in this section. 
Algorithm runtime complexity refers to how fast the 
bioinformatics tool performs and produces a results 
output. Accuracy is the degree of closeness of a 
measurement to its actual or true value. The precision of 
a measurement system is the extent to which repeated 
measurements under unvaried conditions yield the same 
results. It is important to note that accuracy of a 
bioinformatics tool can be evaluated by its sensitivity 
(ability to identify or recognize distantly related 
sequences), and then accuracy and precision may be 
used interchangeably.  

In terms of algorithm runtime complexity, BLAST is 
faster than FASTA by searching for only the more 
significant patterns in the sequences. The sensitivity (or 
accuracy) of BLAST and FASTA tends to be different for 
nucleic acid and protein sequences 
(http://www.bioinfo.se/kurser/swell/blasta-fasta.shtml). 



 
 
 
 
For protein alignments, the BLAST heuristic algorithm is 
more sensitive than that of FASTA, although BLAST 
employs a word size of three for proteins while FASTA 
works with a word size of two. In the case of nucleic acid 
sequences, BLAST employs a long word size of eleven. 
However, the heuristic algorithm that improves the 
sensitivity for protein sequences does not work as well for 
nucleic acid (Li et al., 2004), and FASTA is more 
sensitive than BLAST for nucleic acid sequences. BLAST 
and FASTA differ is the statistical evaluation of their 
output which would most likely affect their relative 
accuracy. FASTA produces an E-value that shows 
relatively accurate estimation for found matches and the 
expectancy to find them by chance (Brenner et al., 1998). 
On the other hand, BLAST calculates expectancy by 
removing the results scored lower than the threshold 
value (Brenner et al., 1998; Sansom, 2000). This results 
in elimination of statistically not significant alignments 
increasing the accuracy of BLAST over FASTA (Sansom, 
2000). Despite the high numbers of citations of BLAST 
and FASTA in literature, there is hardly any quantitative 
comparison of the two tools in terms of speed, precision 
and accuracy. A comparative analysis on the algorithm 
runtime complexity and precision of BLAST and FASTA 
showed that BLAST was over six times faster for 
searching structural classification of proteins (SCOP) 
than FASTA (Chattaraj et al., 1999). However, the 
average precision of FASTA was about 2% higher than 
that of BLAST (Chattaraj et al., 1999). In the same study, 
it was also observed that Psi-BLAST is almost an order of 
magnitude slower than BLAST but over 3% more 
accurate in average precision (Chattaraj et al., 1999). It is 
important to note that both FASTA and BLAST allow 
gaps at some point in their mechanism of operation and 
for this reason, both methods have the potential to miss 
significant similarities present in the database. Another 
setback of both search tools is that many proteins are 
multifunctional multi-domain proteins, and thus a high hit 
to one domain does not necessarily define function.  

 
 
CONCLUSIONS 

 
Though BLAST and FASTA algorithms are suitable for 
determining highly similar sequences, BLAST is known to 
have a relatively greater speed (shorter algorithm runtime 
complexity) than FASTA and should therefore be the 
program of choice in initial database searches. However, 
due to the relatively higher sensitivity of FASTA in some 
cases, it should be included in an advanced search 
allowing for a comparison of results. In some cases, 
BLAST and FASTA are not sensitive enough to capture 
highly divergent sequences. Thus, evolutionarily diverse 
members of a family of proteins may be missed out in a 
BLAST or FASTA search. More studies are needed to 
compare BLAST and FASTA. 
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