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What is Bioinformatics 

• The use of computers to collect, 

analyze, and interpret biological 

information at the molecular level. 
 

"The mathematical, statistical and computing 

methods that aim to solve biological problems using 

DNA and amino acid sequences and related 

information."  
 

• A set of software tools for molecular 

sequence analysis 



The National Center for Biotechnology 
Information (http://www.ncbi.nlm.nih.gov/) 

NCBI established on November 4’ 1988, as 
a division of the National Library of 
Medicine (NLM) at the National Institutes 
of Health (NIH) 

The GenBank sequence database is an 
annotated collection of all publicly available 
nucleotide sequences and their protein 
translations. 



Initially, GenBank was built and maintained at 
Los Alamos National Laboratory (LANL).  

NCBI began accepting direct submissions to 
GenBank in 1993 and received data from LANL 
until 1996   

Currently, NCBI receives and processes 
about 20,000 direct submission sequences 
per month, in addition to the approximately 
200,000 bulk submissions that are processed 
automatically. 



NCBI has a multi-disciplinary research group:  

Computer Scientists  

Molecular Biologists  

Mathematicians  

Biochemists  

Research Physicians 

Structural Biologists  
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What is Bioinformatics ? 

=
 

+ 

Bioinformatics 

Molecular Biology 

& Biotechnology 

Information Technology 

(IT) 

To understand living organisms 

with Bio-information 



In the mid-1990s, the GenBank database became part 
of the International Nucleotide Sequence Database 
Collaboration:  

Internationally Networking Collaboration 

NCBI investigators maintain ongoing collaborations 
with several institutes within NIH and also with 
numerous academic and government research 
laboratories 

DDBJ  
Mishima, 

Japan  

GenBank 
NCBI 
USA 

EMBL 
Europea  



Nucleotide 

Protein 

PubMed 

The original version of Entrez had just 3 nodes:  
nucleotides, proteins, and PubMed abstracts. 

Entrez has now grown to nearly 20 nodes 



Genomic era is now a reality 



1. Gregor Mendel’s discovery of laws of 
heredity, in the early 20th century. 
Recognition of DNA as material genetics 

2. The discovery of the double-helical 
structure of DNA, in 1953 is a landmark 
event. And elucidation of the genetics 
code 

3. Development of sequencing and DNA 
Recombinant technologies 

4. Establishment of increasingly automatable 
methods for DNA Sequencing 

5. Human Genome Project (HGP) began in 1990 



Human Genome Project (HGP):  

Provide in the understanding of gene 
structure, genetics variation and 
comparative genomics 

Appreciation of ethical, legal, and social 
issues surrounding the availability of 
human sequence data 

Provide the basis for ‘sequence-based 
biology’ 



1. Databases that integrate sequences with 
curate information and other large data 
sets, as well as tools for effective mining 
of the data 

Resources 

3. Collections of knockouts and knock-downs 
of all genes in selected animals to 
accelerate the development of models of 
disease 

2. Reference sets of coding sequences for 
example, full-length cDNA sequences and 
corresponding clones, oligonucleotide 
primers, and microarrays 

4. Cohort populations for studies designed 
to identify genetic contributors to health 
and to assess the effect of individual 
gene variants on disease risk, including a 
‘healthy’ cohort. 



Technology Development 

The Human Genome Project was aided by 
several ‘breakthrough’ technological 
developments 

- Sanger DNA sequencing and its automation 

- DNA-based genetic markers 
- Large-insert cloning systems 
- The polymerase chain reaction 

‘evolutionary’ technology 

Capillary-based sequencing and methods for 
genotyping single-nucleotide polymorphisms 

Nanotechnology and micro-fluidics 



    Modulation of expression of all gene 
products using, for example, large-scale 
mutagenesis, small-molecule inhibitors 
and knock-down approaches (such as 
RNA-mediated inhibition) 

Sequencing and genotyping technologies to 
reduce costs further and increase access to 
a wider range of investigators 

Identification and validation of functional 
elements that do not encode protein 

In vivo, real-time monitoring of gene 
expression and the localization, specificity, 
modification and activity/kinetics of gene 
products in all relevant cell types 

Etc. 

Further technologies ……… 



Computational Biology Branch (CBB)  
1.  New approaches to solving problems, such as the 

identification of different features in a DNA 
sequence, the analysis of gene expression and 
regulation, the elucidation of protein structure and 
protein–protein interactions, the determination of 
the relationship between genotype and phenotype, 
and the identification of the patterns of genetic 
variation in populations and the processes that 
produced those patterns 

 
2. Improved database technologies to facilitate the 

integration and visualization of different data types, 
for example, information about pathways, protein 
structure, gene variation, chemical inhibition and 
clinical information/phenotypes 

 
3. Improved knowledge management systems and the 

standardization of data sets to allow the coalescence 
of knowledge across disciplines: biologist, chemists, 
mathematicians, & computer scientists 
 



Ethical, legal and social implications (ELSI)  
• The development of models of genomics research that 

use attention to these ELSI issues for enhancing the 
research, rather than viewing such issues as 
impediments 
 

• The continued development of appropriate and 
effective genomics research methods and policies that 
promote the highest levels of science and of 
protecting human subjects 
 

• The establishment of crosscutting tools, analogous to 
the publicly accessible genomic maps and sequence 
databases that have accelerated other genomics 
research (examples of such tools might include 
searchable databases of genomic legislation and 
policies from around the world, or studies of ELSI 
aspects of introducing clinical genetic tests) 

 
• The evaluation of new genetic and genomic tests and 

technologies, and effective oversight of their 
implementation, to ensure that only those with 
confirmed clinical validity are used for patient care. 



1. Develop policy options for the uses of genomics 
in medical and non-medical settings. 

2. Understand the relationships between genomics, 
race and ethnicity, and the consequences of 
uncovering these relationships 

Genomics to society: 
The time is right to develop and apply large-
scale genomic strategies to improve human 
health. 

3.  Understand the consequences of uncovering 
the genomic contributions to human traits and 
behaviour 

4.  Assess how to define the ethical boundaries for 
uses of genomics 



The future of genomic rests on the foundation of the 
Human Genome Project  
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The Flow of Biotechnology 
Information 

Gene > DNA sequence 
AATTCATGAAAATCGTATACTGGTCTGGTACCGGCAACAC 

TGAGAAAATGGCAGAGCTCATCGCTAAAGGTATCATCGAA 

TCTGGTAAAGACGTCAACACCATCAACGTGTCTGACGTTA 

ACATCGATGAACTGCTGAACGAAGATATCCTGATCCTGGG 

TTGCTCTGCCATGGGCGATGAAGTTCTCGAGGAAAGCGAA 

TTTGAACCGTTCATCGAAGAGATCTCTACCAAAATCTCTG 

GTAAGAAGGTTGCGCTGTTCGGTTCTTACGGTTGGGGCGA 

CGGTAAGTGGATGCGTGACTTCGAAGAACGTATGAACGGC 

TACGGTTGCGTTGTTGTTGAGACCCCGCTGATCGTTCAGA 

ACGAGCCGGACGAAGCTGAGCAGGACTGCATCGAATTTGG 

TAAGAAGATCGCGAACATCTAGTAGA 

> Protein sequence 

MKIVYWSGTGNTEKMAELIAKGI
IESGKDVNTINVSDVNI 
DELLNEDILILGCSAMGDEVLEESE
FEPFIEEISTKISGK 
KVALFGSYGWGDGKWMRDFEERM
NGYGCVVVETPLIVQNE 
PDEAEQDCIEFGKKIANI 



2/16/2014 fatchiyah, JB-UB 20 

Biology Information on the Internet 

• Introduction to Databases 

 

• Searching the Internet for Biology Information. 

– General Search methods 

– Biology Web sites 

 

• Introduction to Genbank file format. 

 

• Introduction to Entrez and Pubmed 

• Ref: Chapters 1,2,5,6 of “Bioinformatics” 
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The Wellcome Trust 

Free unrestricted access for all 

The door to discovery is wide open 

Genome browsers 

Ensembl 
www.ensembl.org 

University of California Santa Cruz 
http://genome.cse.ucsc.edu 

European Bioinformatics Institutes 
www.ebi.ac.uk 

MGD the Jackson Laboratory 
www.informatics.jax.org 

GenBank 
www.ncbi.nlm.nih.gov 

DNA Data Bank of Japan 
www.ddbj.nig.ac.jp 

Genome Databases 
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Refseq and LocusLink 

• Attempt to produce 1 mRNA, 1 protein, and 1 
genomic gene for each frequently occuring allele 
of a protein expressing gene. 

• www.ncbi.nlm.nih.gov/LocusLink 

• Special non-genbank Accession numbers  

– NM_nnnnnn  mRNA refseq 

– NP_nnnnnn protein refseq 

– NC_nnnnnn refseq genomic contig 

– NT_nnnnnn temporary genomic contig 

– NX_nnnnnn predicted gene 

http://www.ncbi.nlm.nih.gov/LocusLink


Browsing on GenBank (NCBI) 
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GeneBank Record 

modification 
      date 

Header 

GenBank Record-2 

Molecule Type 

GenBank Division 

Modification Date 

Version Number 

Accession Number 

Locus Name 

Sequence Length 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=nucleotide&list_uids=21361184&dopt=GenBank
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GeneBank Record 

CDS (Coding 

DNA Sequence) 
Accession Number for 

Protein 
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PROTEIN SEQUENCE 

• mRNA         <1..>1380 

• sig_peptide  33..104 

•   CDS           33..1283 

•                      /codon_start=1 

•                      /product="alpha-1-antitrypsin" 

•                      /protein_id="CAA44840.1" 

•                      /db_xref="PID:g42" 

•                      /db_xref="GI:42" 

•                      /db_xref="SWISS-PROT:P34955" 

• /translation="MALSITRGLLLLAALCCLAPISLAGVLQGHAVQETDDTSHQEAACHKIAPNL
ANFAFSIYHHLAHQSNTSNIFFSPVSIASAFAMLSLGAKGNTHTEILKGLGFNLTELAEAEI
HKGFQHLLHTLNQPNHQLQLTTGNGLFINESAKLVDTFLEDVKNLYHSEAFSINFRDAEE
AKKKINDYVEKGSHGKIVELVKVLDPNTVFALVNYISFKGKWEKPFEMKHTTERDFHVDE
QTTVKVPMMNRLGMFDLHYCDKLASWVLLLDYVGNVTACFILPDLGKLQQLEDKLNNEL
LAKFLEKKYASSANLHLPKLSISETYDLKSVLGDVGITEVFSDRADLSGITKEQPLKVSKAL
HKAALTIDEKGTEAVGSTFLEAIPMSLPPDVEFNRPFLCILYDRNTKSPLFVGKVVNPTQA" 

•      mat_peptide     105..1280 

•                      /product="alpha-1-antitrypsin" 

•      polyA_signal    1343..1348 

•      polyA_site      1368 

Protein Sequence 
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Initiation  

Codon 

Stop Codon 

(UAG) 

Gene Sequence 
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BLAST Sequence 

Analysis Tool  

Basic Local Alignment Search Tool (BLAST) (1, 2) is the tool most 
frequently used for calculating sequence similarity. BLAST comes in 
variations for use with different query sequences against different 
databases.  
 
All BLAST applications, as well as information on which BLAST 
program to use and other help documentation, are listed on the 
BLAST homepage [http://www.ncbi.nlm.nih.gov/BLAST/].  
 
To understand how BLAST works, its output, and how both the 
output and program itself can be further manipulated or 
customized, rather than on how to use BLAST 
[http://www.ncbi.nlm.nih.gov/Education/BLASTinfo/information3.
html] or interpret BLAST results. 
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Function of BLAST 

Analysis 

The comparison of nucleotide or protein sequences from the same or 
different organisms is a very powerful tool in molecular biology.  
 
By finding similarities between sequences, scientists can infer 
the function of newly sequenced genes, predict new members of gene 
families, and explore evolutionary relationships.  
 
Now that whole genomes are being sequenced, sequence similarity 
searching can be used to predict the location and function of protein-
coding and transcription regulation regions in genomic DNA. 
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FASTA Format 

>identifier descriptive text 

nucleotide of amino-acid  

sequence on multiple lines if needed. 

 

Example: 
>gi|41|emb|X63129.1|BTA1AT B. taurus mRNA for alpha-1-anti-trypsin 

GACCAGCCCTGACCTAGGACAGTGAATCGATAATGGCACTCTC 

CATCACGCGGGGCCTTCTGCTGCTGGC …. 

MOST important 
data format!!! 
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Modified FASTA Format 

1) A few tools follow the convention that lower case 
sequences are masked. (repeat masker, some versions 
of blast, megablast, blastz) 

2) A few analysis tools (like CLUSTAL) want a simplified 
identifier on the defline. So they can have a short 
string for the alignment. 

 

>X63129.1 

GACCAGCCCTGACCTAGGACAGTGAATCGATAATGGCACTCTC 

CATCACGCGGGGCCTTCTGCTGCTGGC …. 



Blast Assembly 
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Copy the Sequence 

BLAST Analysis 
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PubMed All Databases BLAST OMIM 

Nucleotide 

Quickly search for highly similar sequences (megablast)  

Quickly search for divergent sequences (discontiguous megablast)  

Nucleotide-nucleotide BLAST (blastn)  

Search for short, nearly exact matches  

Search trace archives with megablast or discontiguous megablast  

The Basic Local Alignment Search Tool (BLAST) finds regions of 

local similarity between sequences. The program compares nucleotide 

or protein sequences to sequence databases and calculates the 

statistical significance of matches. BLAST can be used to infer 

functional and evolutionary relationships between sequences as well 

as help identify members of gene families.  

http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nih.gov/entrez/query.fcgi?db=PubMed
http://www.ncbi.nih.gov/Entrez/index.html
http://www.ncbi.nih.gov/Entrez/index.html
http://www.ncbi.nih.gov/Entrez/index.html
http://www.ncbi.nih.gov/BLAST/
http://www.ncbi.nih.gov/entrez/query.fcgi?db=OMIM
http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nih.gov/BLAST/Blast.cgi?CMD=Web&LAYOUT=TwoWindows&AUTO_FORMAT=Semiauto&ALIGNMENTS=50&ALIGNMENT_VIEW=Tabular&CLIENT=web&DATABASE=nr&DESCRIPTIONS=100&ENTREZ_QUERY=%28none%29&EXPECT=10&FILTER=L&FORMAT_OBJECT=Alignment&FORMAT_TYPE=HTML&NCBI_GI=on&PAGE=MegaBlast&SERVICE=plain&SET_DEFAULTS.x=34&SET_DEFAULTS.y=8&SHOW_OVERVIEW=on&END_OF_HTTPGET=Yes&SHOW_LINKOUT=yes&GET_SEQUENCE=yes&PERC_IDENT=None,1,-2
http://www.ncbi.nih.gov/BLAST/Blast.cgi?ALIGNMENTS=50&ALIGNMENT_VIEW=Pairwise&AUTO_FORMAT=Semiauto&CLIENT=web&DATABASE=nr&DESCRIPTIONS=100&EQ_MENU=(none)&EQ_OP=AND&EXPECT=10&FILTER=L&FILTER=m&FORMAT_BLOCK_ON_RESPAGE=None&FORMAT_EQ_MENU=(none)&FORMAT_EQ_OP=AND&FORMAT_OBJECT=Alignment&FORMAT_TYPE=HTML&LAYOUT=TwoWindows&MEGABLAST=on&NCBI_GI=on&OTHER_ADVANCED=-G+5+-E+2&PAGE=MegaBlast&PERC_IDENT=None,+1,+-2&PROGRAM=blastn&SERVICE=plain&SET_DEFAULTS.x=34&SET_DEFAULTS.y=3&SHOW_OVERVIEW=on&TEMPLATE_LENGTH=18&TEMPLATE_TYPE=0&TWO_HITS=on&WORD_SIZE=11&END_OF_HTTPGET=Yes&SHOW_LINKOUT=yes&GET_SEQUENCE=yes
http://www.ncbi.nih.gov/BLAST/Blast.cgi?CMD=Web&LAYOUT=TwoWindows&AUTO_FORMAT=Semiauto&ALIGNMENTS=50&ALIGNMENT_VIEW=Pairwise&CLIENT=web&DATABASE=nr&DESCRIPTIONS=100&ENTREZ_QUERY=%28none%29&EXPECT=10&FILTER=L&FORMAT_OBJECT=Alignment&FORMAT_TYPE=HTML&NCBI_GI=on&PAGE=Nucleotides&PROGRAM=blastn&SERVICE=plain&SET_DEFAULTS.x=34&SET_DEFAULTS.y=8&SHOW_OVERVIEW=on&END_OF_HTTPGET=Yes&SHOW_LINKOUT=yes&GET_SEQUENCE=yes
http://www.ncbi.nih.gov/BLAST/Blast.cgi?CMD=Web&LAYOUT=TwoWindows&AUTO_FORMAT=Semiauto&ALIGNMENTS=50&ALIGNMENT_VIEW=Pairwise&CLIENT=web&DATABASE=nr&DESCRIPTIONS=100&ENTREZ_QUERY=%28none%29&EXPECT=10&FILTER=L&FORMAT_OBJECT=Alignment&FORMAT_TYPE=HTML&NCBI_GI=on&PAGE=Nucleotides&PROGRAM=blastn&SERVICE=plain&SET_DEFAULTS.x=34&SET_DEFAULTS.y=8&SHOW_OVERVIEW=on&END_OF_HTTPGET=Yes&SHOW_LINKOUT=yes&GET_SEQUENCE=yes
http://www.ncbi.nih.gov/BLAST/Blast.cgi?CMD=Web&LAYOUT=TwoWindows&AUTO_FORMAT=Semiauto&ALIGNMENTS=50&ALIGNMENT_VIEW=Pairwise&CLIENT=web&DATABASE=nr&DESCRIPTIONS=100&ENTREZ_QUERY=%28none%29&EXPECT=10&FILTER=L&FORMAT_OBJECT=Alignment&FORMAT_TYPE=HTML&NCBI_GI=on&PAGE=Nucleotides&PROGRAM=blastn&SERVICE=plain&SET_DEFAULTS.x=34&SET_DEFAULTS.y=8&SHOW_OVERVIEW=on&END_OF_HTTPGET=Yes&SHOW_LINKOUT=yes&GET_SEQUENCE=yes
http://www.ncbi.nih.gov/BLAST/Blast.cgi?CMD=Web&LAYOUT=TwoWindows&AUTO_FORMAT=Semiauto&ALIGNMENTS=50&ALIGNMENT_VIEW=Pairwise&CLIENT=web&DATABASE=nr&DESCRIPTIONS=100&ENTREZ_QUERY=%28none%29&EXPECT=1000&FORMAT_OBJECT=Alignment&FORMAT_TYPE=HTML&NCBI_GI=on&PAGE=Nucleotides&PROGRAM=blastn&SERVICE=plain&SET_DEFAULTS.x=29&SET_DEFAULTS.y=6&SHOW_OVERVIEW=on&WORD_SIZE=7&END_OF_HTTPGET=Yes&SHOW_LINKOUT=yes&GET_SEQUENCE=yes
http://www.ncbi.nih.gov/BLAST/mmtrace.html
http://www.ncbi.nih.gov/BLAST/tracemb.html
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1     gaccagccct gacctaggac agtgaatcga taatggcact ctccatcacg cggggccttc 

61   tgctgctggc agccctgtgc tgcctggccc ccatctccct ggctggagtt ctccaaggac 

121 acgctgtcca agagacagat gatacatccc accaggaagc agcgtgccac aagattgccc 

181 ccaacctggc caactttgcc ttcagcatat accaccattt ggctcatcag tccaacacca 

241 gcaacatctt cttctccccc gtgagcatcg cttcagcctt tgcgatgctc tccctgggag 

301 ccaagggcaa cactcacact gagatcctga agggcctggg tttcaacctc actgagctcg 

361 cagaggctga gatccacaaa ggctttcagc atcttctcca caccctgaac cagccaaacc 

Format Reset 

nr 

FASTA Format 
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Blast Result 
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What Next?  

Identification of Open Reading Frame, encoding region of 

protein 

 

Gene Annotation (Prediction of bio-function) 

 

Homology of Pair Wise (or Multiple) DNA Sequences. 

 

Alignment of Sequences. 

 

Discovery of Evolutionary Relationships using Sequence Data. 

 

Predicting Protein Structure and Function. 

Do Genomics Analyze? 
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Alignment 

  Alignment is the basis for finding similarity 

 

  Pairwise alignment = dynamic programming 

 

  Multiple alignment: protein families and 
functional domains 

 

  Multiple alignment is "impossible" for lots of 
sequences 

  Another heuristic - progressive pairwise alignment 
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Alignment of DNA Sequences 

Arabidopsis  TACCTGGTTGATCCTGCCAGTAGTCATATGCTTGTCTCAAAGATTAAGCCATGCA 

 

S_cerevisiae TATCTGGTTGATCCTGCCAGTAGTCATATGCTTGTCTCAAAGATTAAGCCATGCAA 

 

Human          TACCTGGTTGATCCTGCCAGTAGCATATGCTTGTCTCAAAGATTAAGCCATGCA 

 

Mouse           TACCTGGTTGATCCTGCCAGTAGCATATGCTTGTCTCAAAGATTAAGCCATGCAT 

                              

CLUSTAL W (1.83) multiple sequence alignment 

 

 

Arabidopsis  TACCTGGTTGATCCTGCCAGTAGTCATATGCTTGTCTCAAAGATTAAGCCATGCA 

S_cerevisiae TATCTGGTTGATCCTGCCAGTAGTCATATGCTTGTCTCAAAGATTAAGCCATGCAA 

Human          TACCTGGTTGATCCTGCCAGTAG- CATATGCTTGTCTCAAAGATTAAGCCATGCA 

Mouse           TACCTGGTTGATCCTGCCAGTAG- CATATGCTTGTCTCAAAGATTAAGCCATGCAT 

                       **    ***************************  **************************************** * 

 

 

 

Substitution 

Deletion or insertion 
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Protein Seq. Multiple Alignment 
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Entrez 

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

 

• Tutorials: 

• http://www.ncbi.nlm.nih.gov/Class/MLACourse/Genetics/index.ht
ml  

• http://www.ncbi.nlm.nih.gov/Literature/pubmed_search.html 

• http://www.ncbi.nlm.nih.gov/Database.tut1.html 

 

http://www.ncbi.nlm.nih.gov/Entrez/
http://www.ncbi.nlm.nih.gov/Literature/pubmed_search.html
http://www.ncbi.nlm.nih.gov/Database.tut1.html
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EMBL DATA FORMAT 

• Embl: 

http://www.ebi.ac.uk/Databases/ 

• http://www.ebi.ac.uk/cgi-bin/emblfetch 

• Use Accession X63129 

http://www.ebi.ac.uk/Databases/
http://www.ebi.ac.uk/cgi-bin/emblfetch
http://www.ebi.ac.uk/cgi-bin/emblfetch
http://www.ebi.ac.uk/cgi-bin/emblfetch

