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BIOINFORMATICS 

Lec # 14                       Wed 25.04.2012 

Course: Molecular Biology (02022312) 

Instructor: Dr. M A Srour 

Textbook:  

Watson J, Baker TA, Bell SP, Gann A, Levine M, Losick R (2008). Molecular 

Biology of the Gene, 6th ed. , Chap 20 pp. 703-31; chap 21 pp.739-82. 

Malacinski GM (2003). Essentials of Molecular Biology, 4th ed. Chap 13, pp. 

284-301 

Bioinformatics (Computational Biology) 

• Bioinformatics: study of the meaning (interpretation) of 

information contained in an organism’s genome 

 

• Or bioinformatics is now routinely applied to those 

molecular biology endeavors that rely heavily on highly 

sophisticated computations 

 

• Ability to rapidly sequence DNA has led to large 

databases 

• Development of new algorithms (formulae for solving 

complex, highly specific problems) 

• Data analysis and interpretation 
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Examples of bioinformatics programs  
(Malacinski 2003/Tables 13-1 & 13-2) 

Program  Example of Type of research task 

Genomics 

Gene counting Identify nucleotide sequences that serve protein-coding 

function 

Estimate gene numbers to understand levels of complexity 

of regulatory mechanisms 

Medical genomics  Compare disease-causing genes in model organisms (e.g., 

mice) with their human counterparts to identify structural 

homologies at both DNA and protein level 

 

Proteomics  

Identification of 

sample protein 

Use amino acid compositions  of newly discovered protein 

to compare with known proteins 

Use the nucleotide sequence to compare with known genes 

Translate a nucleotide sequence into amino acid sequence 

Molecular Biology Databases 

 Database: it’s a repository of information that has a 

specific structure that enables the entering and extraction 

of data and in many cases also aids analysis of the data 

 The list of Molecular Biology Databases (URL) is 

continuously expanding, and updates are published 

regularly by the journal of  “Nucleic Acid Research” 

(1380 databases are now listed in 2012: at the web site 

of NAR online Molecular Biology Database Collection 

(http://www.oxfordjournals.org/nar/database/a/) 

 

http://www.oxfordjournals.org/nar/database/a/
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Molecular Biology Databases 

• Three primary Nucleotide  Sequence Databases 

• GenBank (http://www.ncbi.nlm.nih.gov/genbank ), National 

Center for Biotechnology Information, USA 

• EMBL nucleotide sequence database 

(http://www.ebi.ac.uk/embl/), European Molecular Biology 

Laboratory 

• DNA Data Bank of Japan, DDBJ 

(http://www.ddbj.nig.ac.jp/)  

• Many other resources like RNA-specific databases,.. 

http://www.ncbi.nlm.nih.gov/genbank
http://www.ebi.ac.uk/embl/
http://www.ddbj.nig.ac.jp/


4/28/2012 

4 

Molecular Biology Databases 

• Types of DNA sequences stored in these databases 

• Raw genomic sequence representing chromosomal  DNA 

• cDNAs , synthesized by reverse transcription of mRNA 

molecules 

• Expressed sequence tags (ESTs), partial cDNA sequences 

 

Molecular Biology Databases 

• Protein sequence databases, such as 

• UniProtKB & its annotated component Swiss-Prot, produced 

by analysis of all translations of EMBL 

• NCBI protein database 

• Annotated to include ancillary information (author, publications, 

etc.) 

 Annotation (sequence & genome): the systematic identification 

of every stretch of genomic DNA that contains protein-coding 

information or noncoding sequence that specify regulatory 

RNAs such as microRNAs (miRNAs) 
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http://www.ncbi.nlm.nih.gov/genbank/ 
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Searching databases & principles of sequence 

alignment 

 Alignment: the task of locating equivalent regions of two or 

more sequences to maximize their similarity 

 Fundamental question in alignment: is the similarities observed 

due to “chance” and thus of little biological significance or due 

to the derivation from common ancestral sequence (or 

homologous) 

 Homology or similarity reflect a common ancestor = common 

function or structure 

 Homology: refers to similarity in sequence or structure due to 

descent from a common ancestor 
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Searching databases & principles of sequence 

alignment 

 Searching databases needs to be sensitive (avoid false 

negative) and specific (avoid false positive) 

 Data-base-search algorithm: BLAST (Basic local Alignment 

Search Tool) 

 BLAST is one of the most widely used search programs 

 BLAST relies on finding core similarity, which is defined by a 

window of preset size (called a “word”) with a certain 

minimum density of matches (for DNA) or with an amino acid 

similarity score above threshold (for proteins) 

 

 

 

Searching databases: 

Basic Local Alignment Search Tool (BLAST) 

Source: http://blast.ncbi.nlm.nih.gov/Blast.cgi 
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Doing a BLAST Search 

• http://www.ncbi.nlm.nih.gov/ BLAST/  

• choose BLAST program  

• paste in query sequence or acc. no.  BLAST! 

• change default options:  

• database (nr = non-redundant) 

• scoring matrix and gap penalties 

• filtering  

• E-value cutoff (ie, Expectation value): the smaller the E-value, 

the better the alignment 

• limit subset of database (organism, keyword, etc.) 

• display options (eg, # of descriptions, alignments, etc.) 
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Search fro FV sequence (shown here is the sense primer) 
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Blast Search Results 

Query= Pbpp58b (423 letters) 

Database: nr (493,611 sequences; 154,780,071 total letters) 

                                                                   Score     E 

Sequences producing significant alignments:                        (bits)  Value 

 

sp|Q08168|HRP_PLABE 58 KD PHOSPHOPROTEIN (HEAT SHOCK-RELATED PRO...   334  1e-90 

gb|AAC37300.1| (L21710) 58 kDa phosphoprotein [Plasmodium berghei]    329  3e-89 

pir||T10455 heat shock related protein - Plasmodium berghei >gi|...   250  2e-65 

sp|P50503|HIP_RAT HSC70-INTERACTING PROTEIN >gi|4379408|emb|CAA5...   106  5e-22 

sp|P50502|HIP_HUMAN HSC70-INTERACTING PROTEIN (PROGESTERONE RECE...    87  3e-16 

gb|AAF45894.1| (AE003429) CG2947 gene product [Drosophila melano...    87  4e-16 

pir||T24865 hypothetical protein T12D8.8 - Caenorhabditis elegan...    86  5e-16 

pir||T04562 hypothetical protein T12H17.60 - Arabidopsis thalian...    81  2e-14 

. 

. 

. 

. 

. 

emb|CAA61595.1| (X89416) protein phosphatase 5 [Homo sapiens]          43  0.007 

pdb|1A17|    Tetratricopeptide Repeats Of Protein Phosphatase 5        43  0.007 

ref|NP_006238.1|| protein phosphatase 5, catalytic subunit >gi|1...    43  0.007 

pir||S52570 phosphoprotein phosphatase (EC 3.1.3.16) 5, catalyti...    43  0.007 

Probability 

database | accession # | entry name or locus 

Comparison of human NF1 and yeast S. cerevisiea Ira 

protein that show significant sequence similarity 


