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OUTLINE INTRODUCTION 
1- WHAT IS BIOINFORMATICS? definition, applications, 

goal 

2- WHERE DOES IT OCCUR? Some important institutions 

3- HOW DOES IT HAPPEN?  

EXERCISE 
3.2.1 BLAST 

3.2.2 CLUSTAL W 

3.3.3 3-D VIEWER 

3.1 DATABASES NCBI databases 

3.2 TOOLS for protein sequence analysis 



What is 
Bioinformatics? 

Scientific discipline resulting 
from the merge of biology and 
information sciences 



Access and Storage of information 
is important 
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Access and Storage of information 
is important 

>1.3x1011 bp 

>1.4x108  sequences 

© 2011 KurzweilAINetwork | Architecture/design by A. Angelica & S. Black | 



Bioinformatics comprises 
two main activities: 

1- Computerized annotation of genomic 
and biological information and data: 
DATABASES 

2- Transformation and manipulation of 
the data: SOFTWARE TOOLS 



The general goal of 
bioinformatics is: 
1- Providing testable predictions from 
data and/or their manipulation 

2- Needs to support data with statistics 
and probability calculations  



!  Medical sciences 
!  Genomics (humans, plants, 

animals, pathogens) 
!  Ecology / population genetics  
!  Functional genomics 
!  Systems biology  
!  Pharmaceutical development  
!  Molecular biology 

Bioinformatics is 
presently used 
in... 



Bioinformatics and ... gene/protein 
sequence analysis 
✓ identify new gene/protein 

✓ predict protein function 

✓ identify active sites, functional domains 

✓evolution 

✓ 3D structure 

✓ protein design  

✓ identify inhibitors of protein function 



 
        1 aaataatgta ttggctctgc aaatgcagct tcagaacaag tcccttagct gtccccaccc 
       61 caccctaagt caccaccctt aagcctcacc catgtggaat tctgaaactt cctttgtaga 
      121 aaactttgga aggtgtctgc cacattgatc ctggaatgtg tgtttatttg gggttatata 
      181 aatctgttct gtggaagcca cctgaagtca ggaagagatg gagggcatcc ttcaggagtg 
      241 agatgagacc tcatcatact tgactgtcca gcatcatctc tgagtaaggg gaccaaaaaa 
      301 tttatcttcc aaactaggac actttcaaga gtggaagggg gatccattaa tattttcacc 
      361 tggacaagag gcaaacacca gaatgtcccc gatgaagggg atatataatg gaccttcttg 
      421 atgtgaaacc tgccagatgg gctggaaagt ccgtatactg ggacaagtat gatttgagtt 
      481 gtttgggaca aggacagggg tacaagagaa ggaaatgggc aaagagagaa gcctgtactc 
      541 agccaagggt gcagagatgt tatatatgat tgctcttcag ggaaccgggc ctccagctca 
      601 caccccagct gctcaaccac ctcctctctg aattgactgt cccttctttg gaactctagg 
      661 cctgacccca ctccctggcc ctcccagccc acgattcccc tgacccgact ccctttccca 
      721 gaactcagtc gcctgaaccc ccagcctgtg gttctctcct aggcctcagc ctttcctgcc 
      781 tttgactgaa acagcagtat cttctaagcc ctgggggctt ccccgggccc cagccccgac 
      841 ctagaacccg cccgctgcct gccacgctgc cactgccgct tcctctataa agggacctga 
      901 gcgtccgggc ccaggggctc cgcacagcag gtgaggctct cctgccccat ctccttgggc 
      961 tgcccgtgct tcgtgctttg gactaccgcc cagcagtgtc ctgccctctg cctgggcctc 
     1021 ggtccctcct gcacctgctg cctggatccc cggcctgcct gggcctgggc cttggtgggt 
     1081 ttggttttgg tttccttctc tgtctctgac tctccatctg tcagtctcat tgtctctgtc 
     1141 acacattctc tgtttctgcc atgattcctc tctgttccct tcctgtctct ctctgtctcc 
     1201 ctctgctcac cttggggttt ctctgactgc atcttgtccc cttctctgtc gatctctctc 
     1261 tcgggggtcg gggggtgctc tctcccaggg cgggaggtct gtcttccgcc gcgtgccccg 
     1321 ccccgctcac tgtctctctc tctctctctc tttctctgca ggttctcccc atgacaccac 
     1381 ctgaacgtct cttcctccca agggtgtgtg gcaccaccct acacctcctc cttctggggc 
      

!   Instead of wetlabs, 

!   in silico experiments  

•  (Just study the data!) 

Enter 
Bioinfo 



International institutions centralize 
bioinformatic information, tools and 
processes 

NCBI: National Center for Biotechnology Information, 
National library of Medicine and National Institutes of 
Health 
EBI: European Bioinformatics Institute 
PDB: Protein Data Bank. 
  



The NCBI Homepage 
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NCBI databases are integrated 







1. BLAST: similarity search 
through sequence alignment 



Value of sequence alignment 



Structures of Ribonucleases from Cows and Human Beings.  Structural similarity often follows functional 
similarity.  

sequence/structure/function homology in 
proteins from a common ancestor 

(homologous proteins) 
 



HOMOLOGY: The presence of a 
similar feature because of descent from a 
common ancestor 

SIMILARITY: quantitative 
measurement of identities, gaps, conservative 
substitutions between protein sequences. 







Alignment with gap insertion!



Alignment with conservative substitutions!



BLAST 
A method to ascertain sequence similarity  

1- The program takes a query sequence and searches 
it against the database selected by user.  

2- It aligns a query sequence against each of all 
subject sequence in the database.  

3- The results are reported in a form of a ranked 
list followed by a series of individual sequence 
alignments, plus various statistics and scores.  



Basic 
Local 
Alignment 
Search 
Tool 

Sequence 
Analysis: 







BLOSUM-62 





Identity Score: it is the extent of similarity between 
subject and query sequences. Takes into account 
similar and identical residues, as well as gaps 
introduced. The higher the identity score the better 
the alignment. 
 
The E-Value: expected number of random 
comparisons in the database scoring above a given 
threshold; the E value indicates statistical 
significance of a given alignment. The lower the E 
value, the most significant is the hit. 



USES of similarity searches 
with BLAST 

ü to identify homology between a new and a known 
sequence 
ü to identify new genes in any organism 
ü to predict gene structure of a new sequence (exon 
boundaries, regulatory regions) 
ü to identify members of a gene or protein family 
ü to infer biochemical function of a new protein 

ü to infer domain architecture, secondary and tertiary 
structure of a protein  

ü to infer evolutionary history of a sequence 

 



Viral metagenomic sequences from human faeces10, a marine sediment sample9 and two seawater samples2 were compared to the GenBank non-redundant database at the 
date of publication and in December 2004. The percentage of each library that could be classified as Eukarya, Bacteria, Archaea, viruses or showed no similarities (E-value 

>0.001) is shown. 

Viral metagenomics: most viral genomes are novel 

Vol 3, page 504, 2005 



New hypotheses: 
 
Were DNA viruses involved in the origin 
of the eukaryotic cell nucleus? 
 
Does evolution tinker with the wide 
genetic diversity offered by virus 
sequences, for example, through gene 
transfer? 
 



2. ClustalW2  
multiple sequence alignment 





ClustalW is a heuristic 
approach  
 

üIt exploits the fact that homologous sequences  are 
evolutionary related  

üClosely related sequences are aligned first gradually 
adding in the  more distant ones. 

üPenalties are increased as more sequences are added 
üDifferent weight matrices (PAM and BLOSUM series) 

are used as the alignment  proceeds because 
different matrices are used for highly-related 
sequences or more divergent sequences 



Steps in a multiple alignment 



USES of multiple sequence 
alignments 

üto find diagnostic patterns of protein 
families 
üto detect homology between new sequences 
and existing families of sequences 
üto help predict secondary and tertiary 
strucuture on new sequences 
üto determine evolutionary relationships: 
phylogenetics 



PRESENCE OF STRICTLY CONSERVED AMINO ACID 
POSITIONS AMONG RELATED PROTEINS INDICATE 
THE LOCALIZATION OF KEY RESIDUES, WICH MIGHT 
BE IMPORTANT FOR FUNCTION!

!
"*" means that the residues or nucleotides in that column are identical in all 
sequences in the alignment.!
":" means that conserved substitutions have been observed, according to the 
CPLOR table  at http://www.ebi.ac.uk/clustalw.!
"." means that semi-conserved substitutions are observed. 

!

alignment file !





3. Viewer 3D-protein 
structure 



Protein  
Database 





USES of 3D-viewers 

ü to annotate 3D-structure 

ü to predict functional consequences of mutations 

ü to identify drug targets 

ü to reveal evolutionary relationships not 
detected by sequence analysis 

 



!Figure 2. Comparison of the available X-ray-based coat and penton protein structures of PRD1-like viruses. Colouring is according to the 
domain of life to which the virus host belongs (green, bacteria; red, eukarya). The structures are presented in side view, so that the lower end is 
towards the virus interior. (a) The hexon-like proteins of PRD1, PBCV-1 and adenovirus. For adenovirus, the portion of the molecule 
comprising the two jelly-rolls is boxed (in performing the structure comparison, 728 of the 887 residues of adenovirus hexon were used, those 
deemed to comprise the jelly-rolls). Inset above is the relevant portion of the structure-based phylogenetic tree, which was calculated based on 
these structures. Note that the PBCV-1 protein, although somewhat closer to the equivalent protein of PRD1 than of adenovirus, also has 
some structural features (e.g. the lower β extensions) that are closer to adenovirus. (b) The adenovirus penton compared to its stripped-down 
counterpart from PRD1. Note that the two β sheets that form the jelly-roll are packed at different angles in the two molecules; nevertheless, 
the superposition matches 87 out of <100 residues of the PRD1 jelly-roll.!

Unexpected similarities in coat protein topology suggest a 
common origin for viruses that infect bacteria and 
eukarya). 

Curr Opin Struct Biol. 2005 Dec;15(6):655-63. Epub 2005 Nov 3 



!
        1 aaataatgta ttggctctgc aaatgcagct tcagaacaag tcccttagct 
gtccccaccc!
       61 caccctaagt caccaccctt aagcctcacc catgtggaat tctgaaactt 
cctttgtaga!
      121 aaactttgga aggtgtctgc cacattgatc ctggaatgtg tgtttatttg 
gggttatata!
      181 aatctgttct gtggaagcca cctgaagtca ggaagagatg gagggcatcc 
ttcaggagtg!
      241 agatgagacc tcatcatact tgactgtcca gcatcatctc tgagtaaggg 
gaccaaaaaa!
      301 tttatcttcc aaactaggac actttcaaga gtggaagggg gatccattaa 
tattttcacc!
      361 tggacaagag gcaaacacca gaatgtcccc gatgaagggg atatataatg 
gaccttcttg!
      421 atgtgaaacc tgccagatgg gctggaaagt ccgtatactg ggacaagtat 
gatttgagtt!
      481 gtttgggaca aggacagggg tacaagagaa ggaaatgggc aaagagagaa 
gcctgtactc!
      541 agccaagggt gcagagatgt tatatatgat tgctcttcag ggaaccgggc 
ctccagctca!
      601 caccccagct gctcaaccac ctcctctctg aattgactgt cccttctttg 
gaactctagg!
      661 cctgacccca ctccctggcc ctcccagccc acgattcccc tgacccgact 
ccctttccca!
      721 gaactcagtc gcctgaaccc ccagcctgtg gttctctcct aggcctcagc 
ctttcctgcc!
      781 tttgactgaa acagcagtat cttctaagcc ctgggggctt ccccgggccc 
cagccccgac!
      841 ctagaacccg cccgctgcct gccacgctgc cactgccgct tcctctataa 
agggacctga!
      901 gcgtccgggc ccaggggctc cgcacagcag gtgaggctct cctgccccat 
ctccttgggc!
      961 tgcccgtgct tcgtgctttg gactaccgcc cagcagtgtc ctgccctctg 
cctgggcctc!
     1021 ggtccctcct gcacctgctg cctggatccc cggcctgcct gggcctgggc 
cttggtgggt!
     1081 ttggttttgg tttccttctc tgtctctgac tctccatctg tcagtctcat 
tgtctctgtc!
     1141 acacattctc tgtttctgcc atgattcctc tctgttccct tcctgtctct 
ctctgtctcc!
     1201 ctctgctcac cttggggttt ctctgactgc atcttgtccc cttctctgtc 
gatctctctc!
     1261 tcgggggtcg gggggtgctc tctcccaggg cgggaggtct gtcttccgcc 
gcgtgccccg!
     1321 ccccgctcac tgtctctctc tctctctctc tttctctgca ggttctcccc 
atgacaccac!
     1381 ctgaacgtct cttcctccca agggtgtgtg gcaccaccct acacctcctc 
cttctggggc!
     !

The Exercise ... 



go to the website 

http://teodorolab.mcgill.ca/300D/ 







Follow the instructions to: 
 
1) identify human MDR1 protein homologs; 
 
2) provide multiple sequence alignment of 
the NBD loop in ABC transporters;  
 
3) visualize the structural localization of 
the ATP binding site in Histidine 
permease: highlight walker A, linker 
LSGGQ and walker B domains. 
 
 



The Report 
üOnce you have done the sequence manipulation in each of 
3 parts, observe the results. Try to answer question for 
each point of the exercise. You may need to look at your 
results again. Your written answer is required for all 
questions in the exercise, either in point form, or in short-
assay form.  

üProbably running the programs has taken you 15 min.  
Observation and reporting of the results might take you 
much longer but it is absolutely worth it. 

üThe report should be at least 2 pages. However, if you 
are inspired go ahead. You may add figures, tables, 
references as you need. Please, no BLAST printouts out of 
the web. 
 



Thank you and Good 
Luck!!


