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WHAT IS A DATABASE? 

A database is a computerized archive used to store 
and organize data in such a way that information can 
be retrieved easily via a variety of search criteria. 

 

Each record, also called an entry, should contain a 
number of fields that hold the actual data items. 
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Types of biological data: 
Primary data: that includes simple raw data  

-Nucleotides (DNA)   -Amino Acids (Protein). 

Secondary data: (protein): includes secondary data 
like motifs (regular expressions, blocks, profiles, 
finger print. 

-2nd structures of protein like alpha-helix, Beta- 
strand. 

Tertiary data: (Protein) tertiary data:  

-Atomic co-ordination (tertiary protein structure). 

The data bases may be classified by different ways one 
of them may be according to its data as above  
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Specialized DB 

Nucleotides  

(INSDC) 

•EMBL=  Europe Molecular biology Lab, Europe = 

•GENBANK= USA,  NCBI 

•DDBJ = DNA Data bank of Japan 

Protein 

 

• Sequence (uniport, PIR, SWISS Port) = 1 ry DB 

• Interaction Bio grid string  (Protein/Protein interaction. 

• Structure 

•  PDB = protein database bank  

• CATH = class architecture topology homology 

• SCOPE = structure classification of protein 

Whole 
genome DB 

• ENSEMBL 

• Inherited disease database  

•OMIM (Online Mendelian Inherited of man) 
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Biological databases: 
Current biological databases use all three types of 
database structures: flat files, relational, and object 
oriented. 
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Why we need data bases 

Similar 
sequences/proteins:  

probably have the 
same ancestor, share 
the same structure, 
and have a similar 
biological function. 
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Search on biological data bases: 

Searching on biological data bases depends 
mainly on sequences alignment. 

Types of sequences alignment: 

 •Depends on full sequence 
alignment. 

Global 
alignment 

 

•Depends on partial sequence 
alignment. 

Local 
alignment  
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Local alignment  
1. Compare short sequence to long one. 

2. Compare single sequence to entire 
database. 

3. Compare partial sequence to whole. 

4. Identified new determined sequence. 

5. Compare new gens to new ones. 

6. Guess function for entire genomes full of 
ORFs of unknown function. 
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Blast & fasta 
FASTA  BLAST 

First fast sequence 
algorithm for comparing 

query sequence to 
database sequences. 

Improvement of FASTA, it 
usually search speed, 
easy to use, statistical 

rigor. 

What is an algorithm=  (خوارزميه)نظام حسابي ? 
“Procedure for accomplishing some task” 

– Set of well defined instructions 
Cookbook recipe 

– Produce result from initial data 
 Input data set > output data set 
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The beginning of the story: 
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Heuristic Sequence Alignment 
BLAST, FASTA 

Heuristic Methods  
(BLAST, FASTA) they prune the search space by using fast 
approximate methods to select the sequences of the 
database that are likely to be similar to the query and to 
locate the similarity region inside them 
 
Principle 
Dynamic Programming, computational method that 
provide in mathematical sense the best alignment 
between two sequences, given a scoring system. 
 
Both of them search for local sequence alignment but 
using different algorithms and statistical approaches. 
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FASTA  
•FASTA is a DNA and protein sequence 
alignment software package first described 
(as FASTP) by David J. Lipman and William R. 
Pearson in 1985. 

•Its legacy is the FASTA format which is now 
ubiquitous in bioinformatics. 
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Its idea: 

A good alignment contains subsequences of 
absolute identity (short lengths of exact 
matches). 

Steps: 

First: identify very short exact matches. 

Next: the best short hits from the first step are 
extended to longer regions of similarity. 

Finally: the best hits are optimized. 

 

 

FASTA  
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FASTA algorithm: 

It depends on logic dot plot method. 

Compute best diagonals from all frames of 
alignment. 

This method looks for exact matches between 
words in query and test sequence. 

FASTA word: 

DNA = 6  Nucleotides 

Protein = 2  AA (amino acids).  

 

FASTA  

23-4-2105 Dr. Amira A. AL-Hosary 



How FASTA algorithm works? 

• FASTA algorithm has five steps: 

1. Identify common K-words between query and test 
sequences. 

2. Score diagonals with K-words matches, identify 10 
best diagonals. 

3. Rescore the initial regions with a substitution 
score matrix. 

4. Join the initial regions using gaps, penalize for 
gaps. 

5. Perform dynamic programming to find final 
alignment.  
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How FASTA algorithm works? 

Deviation  Z value  E score 
E- value 

10-6  Probably statistically 
 

10-6  but  10-3 deserve a second look 
 

10-6  should be thrown out with 
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FASTA Format: 
 FASTA format is a text-based format for representing either 
nucleotide sequences or peptide sequences, in which 
nucleotides or amino acids are represented using single-letter 
codes. The format also allows for sequence names and 
comments to precede the sequences. 

A sequence in FASTA format start with (>) then a single-line 
description, followed by lines of sequence data.  
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Basic Local Alignment Search Tool 

BLAST 
 

Altschul, et al. 1990, 1994, 1997 
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BLAST 
•Heuristic method for local alignment. 

•Designed specifically for database searches. 

•Based on the same assumption of FASTA that 
good alignments contain short length of exact 
matches. 

Advantages of BLAST: 

1. Speed. 

2. User friendly. 

3. More Sensitive. 

4. Statistical rigor. 
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• Like FASTA  it depends on K-words= Q word. 

• DNA word = 11 Nucleotides. 

• Protein = 3 AA (amino acids). 

How it Calculate number of word in given sequence? 

number of word in query sequence= L – W + 1 

L= sequence length. 

W= word equal to 11 nucleotides 

Example: 

                             query sequence length is 120  

               (120 – 11) + 1 = 110 Q word 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

BLAST 
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For example, suppose that the sequence contains the 
following stretch of letters, GLKFA.  

If a BLASTp was being conducted under default 
conditions, the word size would be 3 letters. 

In this case, using the given stretch of letters, the 
searched words would be GLK, LKF, KFA.  

Once both words and neighborhood words are 
assembled and compiled, they are compared to the 
sequences in the database in order to find matches. 
The threshold score T determines whether or not a 
particular word will be included in the alignment.  

 

 

How BLAST algorithm works? 
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1. Calculate the words in both query and 
database sequences. 

2. Identification of the exact word (breaks 
query and database sequences in to words 
then match both of them). 

3. Maximum Segment pair alignment (MSP): 
for each word match extend the alignment 
in both directions to find alignment that 
score greater than the threshold of value S.  

 

 

 

 

How BLAST algorithm works? 
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How BLAST algorithm works? 

HSPS 

It is aligned regions, the results of the word 
matching and attempts to extend the 
alignments are segments. 

It called HSPS (High scoring segment Paris). 

BLAST often produces several short HSPS 
rather than single aligned regions. 
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How BLAST algorithm works? 
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How BLAST algorithm works? 
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How BLAST algorithm works? 
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Practical work: 
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Input: 
1. Input sequences are in FASTA or Genbank format 

and weight matrix. 

2. FASTA format is a text-based format for 
representing either nucleotide sequences or 
peptide sequences, in which nucleotides or amino 
acids are represented using single-letter codes.  

3. The format also allows for sequence names and 
comments to precede the sequences. 

4.  The format originates from the FASTA software 
package, but has now become a standard in the 
field of bioinformatics. 
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1. A sequence in FASTA format begins with a single-line 
description, followed by lines of sequence data. The 
description line is distinguished from the sequence data by 
a greater-than (">") symbol in the first column. 

2.  The word following the ">" symbol is the identifier of the 
sequence, and the rest of the line is the description (both 
are optional).  

3. There should be no space between the ">" and the first 
letter of the identifier. It is recommended that all lines of 
text be shorter than 80 characters. The sequence ends if 
another line starting with a ">" appears; this indicates the 
start of another sequence. 

4.  A simple example of one sequence in FASTA format: 
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BLAST: Basic Local Alignment Search Tool 
blast.ncbi.nlm.nih.gov/  

The Basic Local Alignment Search Tool (BLAST) finds regions of 
local similarity between sequences. The program compares 

nucleotide or protein sequences to ... 
 Nucleotide BLAST  - Protein BLAST: ***search ...  - Align two or more 

sequences  - Rat 
Nucleotide BLAST: Search nucleotide databases using a nucleotide ... 

blast.ncbi.nlm.nih.gov/Blast.cgi?...blastn...BlastSearch...  
No BLAST database contains all the sequences at NCBI. BLAST 

databases ... 
BLAST - Wikipedia, the free encyclopedia 

en.wikipedia.org/wiki/BLAST  
In bioinformatics, Basic Local Alignment Search Tool, or BLAST, 
is an algorithm for comparing primary biological sequence 

information, such as the amino-acid ... 
 Background  - Input  - Output  - Process 
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Click the “Blast!” button at the bottom to submit 
your sequence data. 23-4-2105 Dr. Amira A. AL-Hosary 



This screen will come up next. Finally (sometimes after a lengthy wait), a new 
window will appear showing any “hits” your sequence made. The results will 
be color coded and annotated 
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Output: 

BLAST output can be delivered in a variety of 
formats. These formats include HTML, plain 

text, and XML formatting. 
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Click the “Blast!” button at the bottom to submit 
your sequence data. 23-4-2105 Dr. Amira A. AL-Hosary 



This screen will come up next. Finally (sometimes after a lengthy wait), a new 
window will appear showing any “hits” your sequence made. The results will be 
color coded and annotated 
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The bars show what places along your sequence are similar to 
other published sequences; the colors indicate how many bases 
were involved in homology determination. 
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Clicking on a “gi” link at the beginning of any line will take you to the GenBank 
accession page for a sequence showing similarity to yours. There you can find 
a wealth of information about the published sequence to which yours showed 
some homology. 23-4-2105 Dr. Amira A. AL-Hosary 
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Output: 
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Output: 
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Output: 
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Nucleotide blast:  
compares a nucleotide query sequence to nucleotide database. 
 

protien blast:  
compares a protien query sequence to protein sequence 
database. 
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blastx:  
compares a nucleotide query sequence 
translated in all reading frames against a protein 
sequence database. 

tblastn: 
 Compares a protein query sequence against a 
nucleotide sequence database dynamically 
translated in all reading frames. 

tblastx: 
Compares the six-frame translations of a 
nucleotide query sequence against the six-frame 
translations of a nucleotide sequence database.  
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Conversion of sequence format: 

Readseq < Sequence Format Conversion < EMBL-EBI 

www.ebi.ac.uk/Tools/sfc/readseq/ 
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Pubmed: 
It is biomedical literature database and one of the accessible 
data bases, which contains abstracts and in some cases the full 
text articles fromnearly 4,000 journals. 

An important feature of PubMed is the retrieval of 
information based on medical subject headings (MeSH) terms.  

MeSH system consists of a collection of more than 20,000 
controlled and standardized vocabulary terms used for 
indexing articles. 

 In other words, it is a the saurus that helps convert search 
keywords into standardized terms to describe a concept.  

By doing so, it allows “smart” searches in which a group of 
accepted synonyms are employed so that the user not only 
gets exact matches, but also related matches on the same 
topic that otherwise might have been missed.  
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Pubmed: 
Another way to broaden the retrieval is by using the 
“Related Articles” option.  

PubMed uses a word weight algorithm to identify 
related articles with similar words in the titles, 
abstracts, and MeSH. By using this feature, articles on 
the same topic that were missed in the original 
search can be retrieved. 
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Several Selected PubMed Tags and Their Brief Descriptions 

Tag Name Description 

AB Abstract Abstract 

AD Affiliation Institutional affiliation and address of the first author and grant numbers 

AID Article identifier Article ID values may include the PII (controlled publisher identifier) or doi 
(digital object identifier) 

AU Author Authors 

DP Publication date The date the article was published 

JID 
  

Journal ID Unique journal ID in the National Library ofMedicine’s 
catalog of books, journals, and audiovisuals 

LA Language The language in which the article was published 
  

PL Place of publication Journal’s country of publication 
  

PT Publication type The type of material the article represents. 

SO  
  

Source Composite field containing bibliographic information 

TA Journal title 
abbreviation 

Standard journal title abbreviation 
  

TI  
  

Title The title of the article 

 VI  Volume Journal volume 

Source: www.ncbi.nlm.nih.gov/entrez/query/static/help/pmhelp.html. 
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The accession number 
It is a unique number assigned to a piece of DNA when 
it was first submitted to GenBank and is permanently 
associated with that sequence. 

 This is the number that should be cited in 
publications. 

 It has two different formats: two letters with five 
digits or one letter with six digits. 
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Thanks a lot 
with my Best Regards and My Best wishes 

 
  

Amira A. AL-Hosary 
E-mail: Amiraelhosary @yahoo.com 

Mob. (002) 01004477501 
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