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PART I Famous database of nucleic 
acid sequence



Database of nucleic acid sequence

• Nucleic acid sequence is important material of 
bioinformatics research.

• Nucleic acid sequences provide the fundamental 
starting point for describing and understanding the  
structure, function, and development of genetically 
diverse organisms.



Database of nucleic acid sequence

http://www.insdc.org/



Database of nucleic acid sequence
Feature table 
http://www.insdc.org/documents/feature_table.html



Database of nucleic acid sequence

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



Database of nucleic acid sequence
http://www.ddbj.nig.ac.jp



Database of nucleic acid sequence

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



Database of nucleic acid sequence

Submit sequence (http://www.ncbi.nlm.nih.gov/genbank/submit_types)



Getting sequence from the GenBank database

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



Getting sequence from the GenBank database

Data format of nucleic acid (I)



Getting sequence from the GenBank database

Data format of nucleic acid (II)



Getting sequence from the GenBank database

Data format of nucleic acid (III)



http://www.ncbi.nlm.nih.gov/books/NBK25501/

Getting sequence from the GenBank database



Getting sequence from the GenBank database



Getting sequence from the GenBank database



PART II Analysis of nucleic acid 
sequence



Analysis of nucleic acid sequence 

(1) Getting basic information of a nucleic acid 
sequence

(2) Primer design 
(3) Tow sequences alignment
(4) Multi sequences alignment
(5) Finding open reading frame of a nucleic acid 

sequence
(6) Gene prediction
(7) Sequence localization in genome
(8) Sequence assembly



Obtain basic information of nucleic acid sequence

Software:  BioEdit (http://www.mbio.ncsu.edu/bioedit/bioedit.html)
menu: File -> open -> sequence -> nucleic acid -> nucleotide composition 



Basic transition of nucleic acid sequence

DNA -> RNA 
Sequence -> Reverse complement 
DNA -> protein



Basic transition of nucleic acid sequence

menu: File -> open -> sequence -> nucleic acid -> DNA-RNA 



Basic transition of nucleic acid sequence

menu: File -> open -> sequence -> nucleic acid -> Reverse Complement 



Basic transition of nucleic acid sequence
menu: File -> open -> sequence -> nucleic acid -> translate



Analysis of enzyme mapping
menu: File -> open -> sequence -> nucleic acid -> Restriction Map



Primer design
NCBI website (http://www.ncbi.nlm.nih.gov/tools/primer-blast/)



Primer design



Primer design
Primer3 (http://primer3.wi.mit.edu/)

Primer3 codes (http://sourceforge.net/projects/primer3/)



Sequences alignment (two sequence)
NCBI homepage -> Blast homepage -> specialized searches -> Global Align



Sequences alignment (two sequence)



Sequences comparison (multi-sequences)

http://www.ebi.ac.uk/Tools/msa/clustalo/



Sequences comparison (multi-sequences)



Sequences comparison (multi-sequences)
Software: BioEdit
File -> open -> sequence -> Accessory Application -> clustalw



Sequences comparison (multi-sequences)

http://www.clustal.org/clustal2/



Sequences comparison (multi-sequences)

Software: clustalw / clustalX           menu : load sequence



Sequences comparison (multi-sequences)

Software: clustalw / clustalX           menu : Alignment -> do complete alignment



Analysis of open reading frame

https://www.ncbi.nlm.nih.gov/orffinder/



Analysis of open reading frame



Gene prediction
http://genes.mit.edu/GENSCAN.html



Gene prediction



Sequence localization in genome

NCBI homepage -> Blast homepage -> BLAST Genomes -> Human



Sequence localization in genome



Sequence localization in genome

Blast result -> view report -> human genome view



Sequence localization in genome



Sequence assembly
Software BioEdit
File -> open -> sequence -> Accessory Application -> contig assembly



Sequence assembly
CAP3 (contig assembly program)
http://seq.cs.iastate.edu/cap3.html



PART III  insight into BLAST



Concept of BLAST

Concept: 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.

Purpose: predict function 
infer evolutional tree 
construct families  



Concept of BLAST

BLAST :  word size -> high-scoring segment (HSP)

query sequence :  (nucleotide/translated nucleotide, protein)

database: (nucleotide/translated nucleotide, protein)



BLAST HOME
http://blast.ncbi.nlm.nih.gov/Blast.cgi



Basic program of BLAST



PSI-BLAST
Position-Specific Iterated BLAST (PSI-BLAST, family protein)

(1) PSI-BLAST takes as an input a single protein sequence and compares 
it to a protein database, using the gapped BLAST program 

(2) The program constructs a multiple alignment, and then a profile, from 
any significant local alignments found. 

(3) The profile is compared to the protein database, again seeking local 
alignments. 

(4) PSI-BLAST estimates the statistical significance of the local alignments 
found. 

(5) Finally, PSI-BLAST iterates, by returning to step (2), an arbitrary 
number of times or until convergence. 



Summary of BLAST
• Traditional BLAST (formerly blastall) nucleotide, protein, translations

– blastn nucleotide query  vs. nucleotide database
– blastp protein query  vs. protein database
– blastx nucleotide query  vs. protein database
– tblastn protein query  vs. translated nucleotide database
– tblastx translated nucleotide query  vs. translated nucleotide database

• Position Specific BLAST Programs protein only
– Position Specific Iterative BLAST (PSI-BLAST)

Automatically generates a position specific score matrix (PSSM)



BLAST use – web means (nucleotide)



BLAST use – web means (nucleotide)



BLAST use – web means (taxonomy report)



BLAST use – infer evolution tree



BLAST use – predict function



BLAST use – web manners (alignment report)



BLAST use – web manners (protein)



BLAST use – result summary



BLAST use – multi alignment



BLAST use – conserved domain



BLAST use

Batch BLAST jobs
(1) input "batches" of sequences into one form and retrieve the results



BLAST use

Batch BLAST jobs
(2) Utilize the  standalone BLAST binaries.

You can retrieve BLAST execute files from NCBI ftp sites
ftp://ftp.ncbi.nlm.nih.gov/blast/executables/blast+/LATEST/



BLAST+
ftp://ftp.ncbi.nlm.nih.gov/blast/executables/blast+/LATEST/



BLAST use – command line means

List of the BLAST directory

(1) bin – binary files for BLAST execute
(2) doc – documents of BLAST
(3) ncbi_package_info – version information of 

BLAST



BLAST+

BLAST use 
(1) Make a formatted database to use

execute command : makeblastdb

input: fasta format sequences (database sequences)
output: formatted database , used by BLAST program 



BLAST+
Argument of makeblastdb



BLAST+

BLAST use
(2) Carry out BLAST program

execute command : blastn, blastp

input: fasta sequences (query sequences), database
output : query result file



BLAST+
Usage of blastn



BLAST+
Usage of blastp




