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FASTA

* FASTA is a DNA and protein sequence alignment software package
first described by David J. Lipman and William R. Pearson in 1985. Its
legacy is the FASTA format which is now ubiquitous in bioinformatics.

* The FASTA format is a text-based format for representing either
nucleotide sequences or amino acid (protein) 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.
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FASTA Format Example

* A sequence in FASTA format begins with a single-line description,
followed by lines of sequence data. The description line (defline)is
distinguished from the sequence data by a greater-than (">") symbol
at the beginning. It is recommended that all lines of text be shorter
than 80 characters in length.

* An example sequence in FASTA format is:

>P01013 GENE X PROTEIN (OVALBUMIN-RELATED)
QIKDLLVSSSTDLDTTLVLVNAIYFKGMWKTAFNAEDTREMPEFHVTKQESKPVOMMCMNNS FNVATLPAE
KMKILELPFASGDLSMLVLLPDEVSDLERIEKTINFEKLTEWTNPNTMEKRRVKVYLPOMKIEEKYNLTS
VLMALGMTDLEFIPSANLTGISSAESLKISQAVHGAFMELSEDGIEMAGSTGVIEDIKHSPESEQFRADHP
FLELIKHNPTNTIVYEFGRYWSP
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FASTA Format Example

* Blank lines are not allowed in the middle of FASTA input.

» Sequences are expected to be represented in the standard I[UB/IUPAC
amino acid and nucleic acid codes, with these exceptions:
* lower-case letters are accepted and are mapped into upper-case;
* a single hyphen or dash can be used to represent a gap of indeterminate
length;
* in amino acid sequences, U and * are acceptable letters (see below).

* Before submitting a request, any numerical digits in the query
sequence should either be removed or replaced by appropriate letter
codes (e.g., N for unknown nucleic acid residue or X for unknown
amino acid residue).
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FASTA Format Example

* The nucleic acid codes supported are:

A adenosine C cytidine G guanine
T thymidine N A/G/C/T (any) U uridine
K G/T (keto) S G/C (strong) Y T/C (pyrimidine)
M A/C (amino) W A/T (weak) R G/A (purine)
B G/T/C D G/A/T H A/C/T
vV G/C/A - gap of indeterminate length
=l= @%ﬁ Q==




FASTA Format Example

* For those programs that use amino acid query sequences (BLASTP and TBLASTN), the accepted
amino acid codes are:

A alanine P proline

B aspartate/asparagine Q glutamine

C cystine R arginine

D aspartate S serine

E glutamate T threonine

FF phenylalanine U selenocysteine

G glycine V valine

H histidine W tryptophan

I 1soleucine Y tyrosine

K lysine Z glutamate/glutamine
L. leucine X any

M methionine * translation stop

N asparagine - gap of i1ndeterminate length
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BLAST

* In bioinformatics, BLAST (Basic Local Alignment Search Tool) is an
algorithm for comparing primary biological sequence information, such as
the amino-acid sequences of proteins or the nucleotides of DNA and/or
RNA sequences.

* A BLAST search enables a researcher to compare a subject protein or
nucleotide sequence (called a query) with a library or database of
sequences, and identify library sequences that resemble the query
sequence above a certain threshold.

* Different types of BLASTs are available according to the query sequences.

* For example, following the discovery of a previously unknown gene in the
mouse, a scientist will typically perform a BLAST search of the human
genome to see if humans carry a similar gene; BLAST will identify
sequences in the human genome that resemble the mouse gene based on
similarity of sequence.
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Sequence Alignment

* Multiple, pairwise, and profile sequence alignments using dynamic
programming algorithms;

* BLAST searches and alignments
* blastlocal - Perform search on local BLAST database to create BLAST report

e blastncbi - Create remote NCBI BLAST report request ID or link to NCBI BLAST report;

e standard and custom scoring matrices
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blastformat

blastformat
Create local BLAST database
Syntax
blastformat ('Inputdb', InputdbValue)

blastformat
blastformat
blastformat
blastformat
blastformat

., 'FormatPath', FormatPathValue, ...)
., 'Title', TitleValue, ...)

., 'Log', LogValue, ...)

., 'Protein', ProteinValue, ...)
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., 'FormatArgs', FormatArgsValue, ...)
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blastformat

blastformat

Arguments

* ITnputdbValue Character vector or string specifying a file name or path and file name of
a FASTA file containing a set of sequences to be formatted as a blastable database. If you specify

only a file name, that file must be on the MATLAB® search path or in the current folder. (This
corresponds to the formatdb option -i.)

e FormatPathValue Character vector or string specifying the full path to the formatdb
exeﬁutable file, including the name and extension of the executable file. Default is the system
path.

e TitleValue Character vector or string specifying the title for the local database. Default is the
input FASTA file name. (This corresponds to the formatdb option -t.)

* LogValue Character vector or string specifying the file name or path and file name for the
log file associated with the local database. Default is formatdb.log. (This corresponds to the
formatdb option -I.)

e ProteinValue Specifies whether the sequences formatted as a local BLAST database are
protein or not. Choices are true (default) or false. (This corresponds to the formatdb option -p.)

* FormatArgsValue NCBI formatdb command, that is, a character vector or string containing
one or more instances of -x and the option associated with it, used to specify input arguments.
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blastformat

* To use the blastformat function, you must have a local copy of the
NCBI formatdb executable file available from your system. You can
download the formatdb executable file by accessing BLAST
executables.

* Run the downloaded executable and configure it for your system. For
convenience, consider placing the NCBI formatdb executable file on
your system path.

¢ URL ftp://ftp.ncbi.nlm.nih.gov/blast/executables/legacy.NOTSUPPORTED/2.2.17/
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ftp://ftp.ncbi.nlm.nih.gov/blast/executables/legacy.NOTSUPPORTED/2.2.17/

formatdb

* Remember to add formatdb to your system path!

» Q5(C) » GoogleDrive * Image_Processing_Repos » Bicinformatics » 54  bin » bin

s

Mome Ultima medifica Tipo Dirnensione

:-:. bl2seq.exe 9/03/2007 Of:28 Applicazione 2.999 KB

':-j blastall.exe 19/08/2007 06:28 Applicazione 2.867 KB

':-j blastelust.exe 0/08/2007 DE:2 Applicazione 2213 KB

':-j blastpgp.exe 9/03/2007 D628 Applicazione 2.501 KB

% copyrmat.exe G/08/2007 0628 Applicazione 2,339 KB

:-:. fastacrnd.exe 9/08/2007 DEe27 Applicazione 2.219KE

:—:. formatdb.exe 19/08/2007 06:27 Applicazione 2.267 KB

:-:. formatrpsdb.exe 9/08/2007 0627 Applicazione 2.355KB

':-j impala.exe 19/08/2007 06:27 Applicazione 2310 KB

':-j makernat.exe 0/08/2007 O&27 Applicazione 2173 KE

':-j megablast.exe 9/08/2007 D627 Applicazione 2.856 KB

% rpshlast.exe 4/08/2007 0627 Applicazione 2.823 KB

:-:. seedtop.exe 9/08/2007 DEe27 Applicazione 2193 KB
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formatdb

* Remember to add formatdb to your system path!

Proprieta del sistema

Impostazioni desktop basate sul tipo di accesso effettuato
Sposta gid

Impostazioni...

Protezione sistema Connessione remota L . n -
Modifica variabile di ambiente
Mome computer Hardware Avanzate
Per poter eseguire la maggior parte delle modifiche seguenti, & necessaro [ ~
acceders come amministratore.
"
Prestazioni
Effetti visivi, pianificazione processore, utilizzo memoria & memoria Sfoglia...
virtuale
-
Profili utente Sposta su

Awvio e ripristing
Awvio del sistema, emor di sistema e informazioni di debug

C\GoogleDrivellmage_Processing_Repos\Bicinformati cs\SA\ n -
\bin\bin

C\GoogleDrive\lmage_Processing_Repos\Bicinformatics\,

ok | Annula
OK || Aondla | Appliea
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blastlocal

blastlocal
Perform search on local BLAST database to create BLAST report

Syntax
blastlocal ('InputQuery', InputQueryValue)
Data = blastlocal ('InputQuery', InputQueryValue)
blastlocal (..., 'Program', ProgramValue, ...)

blastlocal ., 'Database', DatabaseValue, ...)
blastlocal ., 'BlastPath', BlastPathValue, ...)
blastlocal ., 'Expect', ExpectValue, ...)
blastlocal ., 'Format', FormatValue,

(

(

(

(.. )
blastlocal (..., 'ToFile', ToFileValue, ...)

( )

(

(

(

blastlocal ., 'Filter', FilterValue,

blastlocal ., 'GapOpen', GapOpenValue, ...)
blastlocal ., 'GapkExtend', GapExtendValue, ...)
blastlocal ., 'BLASTArgs', BLASTArgsValue, ...)
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blastlocal

Arguments

* InputQueryValue
Character vector or string specifying the file name or path and file name of a FASTA file containing query nucleotide or
aminoacid sequence(s). (This corresponds to the blastall option —1i.)

* ProgramValue
Character vector or string specifying a BLAST program. Choices are:

"blastp' (default) — Search protein query versus protein database.

e 'blastn' — Search nucleotide query versus nucleotide database.

* 'blastx' — Search translated nucleotide query versus protein database.

e 'tblastn' — Search protein query versus translated nucleotide database.

e '"tblastx' — Search translated nucleotide query versus translated nucleotide database.

(The ProgramValue argument corresponds to the blastall option -p.)

* DatabaseValue
Character vector or string specifying a file name or path and file name of a local BLAST database (formatted using the NCBI
formatdb function) to search. Default is a local version of the nr database in the MATLAB® current folder. (This

corresponds to the blastall option —-d.)
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blastlocal

Arguments

* FilterValue
Controls the application of a filter (DUST filter for the blastn program or SEG filter for other programs) to the query

sequence(s). Choices are true (default) or false. (This corresponds to the blastall option -F.)

* ExpectValue
Value specifying the statistical significance threshold for matches against database sequences. Choices are any real

number. Default is 10. (This corresponds to the blastall option —¢.)
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getgenbank

getgenbank
Retrieve sequence information from GenBank database
Syntax
Data = getgenbank (AccessionNumber)
getgenbank (AccessionNumber)
Data = getgenbank(..., 'PartialSeq', PartialSegValue, ...)
Data = getgenbank (..., 'ToFile', ToFileValue, ...)
Data = getgenbank(..., 'FileFormat', FileFormatValue, ...)
(

Data = getgenbank ., 'SequenceOnly', SequenceOnlyValue, ...)
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BLAST Example

 Download the FASTA nucleotide file and a FASTA amino acid file for E. coli, and
save them in a folder beloning to MATLAB path.

fullURL = 'http://www.scfbio-iitd.res.in/chemgenome/genomedataset/NC 004431.fna'
filename fna = 'Bioinformatics/SA/NC 004431.fna'

urlwrite (fullURL, filename fna)

fullURL = 'https://www.brinkman.mbb.sfu.ca/~mlangill/public tmp/NC 004431.faa’
filename faa = 'Bioinformatics/SA/NC 004431.faa'’

urlwrite (fullURL, filename faa)
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BLAST Example

* NC 004431.fna

Politecnico
di Bari

>g1|26245917 |ref|NC 004431.1| Escherichia coli CFT073, complete genome
AGCTTTTCATTCTGACTGCARCGGGCAATATGTCTCTGTGTGGATTARRR AR GAGTGTCTGATAGCAGT
TTCTEAACTGETTACCTGCCGTGAGTARATTALRE R TTTTATTGACTTAGGTCACTRAATACTTTARCCAR
TATAGGCATAGCGCACAGACAGATAA LA TTACAGAGTACACARCATCCATGARACGCATTAGCACCACT
ATTACCACCACCATCACCATTACCACAGGTARCGGTGCGGGCTGACGCGTACAGGRARACACAGARRRRR
CCCGCACCTGACAGTGCGGECTTTTTTTTGTGCACAGRARACCCCCAGCTAGGCTGEGEETTCCGGARAG
CTTTCAGCTTTGAGCCAGTTATTAR AR CCCCTTTTGATTTGTTRARRRCACCTTGCGETCTGECARCTGCR
AGTGTCARACAAGAARATCARRRAGGGEETCCCAATGGGEARACGRARRRGAGCTTAGCGCACACCCGATGGAR
CTETARATATCRACATAGTATTTGCGCCARRATACCGRARGACAGETGTTCTACAGAGAGRRA G GTAGAGTCR
ATAGGCTGTATTTTGAGRRLGC TETGTGAGT GEARRA CTGTACGGATTCTGGAAGCTGAATGCTGTGCAG
ATCATATCCATATGCTTGTGGAGATCCCGCCCARRATCAGCGTATCAGGCTTTATGGGATATCTGARRA G
GRARAAGCAGTCTGATGCCTTACGAGCAGTTTGGTGATTTGARATTCARATACAGGRAACAGGGAGTTCTGGE
TECAGAGGETATTACGTCGATACGETGEETALGARCACGECGARGATACAGGATTACATARRGCACCAGT
TTEAAGAGGATARAATGCCAGAGCAGTTATCGATTCCCTATCCGGGCAGCCCGTTTACGGGCCGTAAGTR
ACGRAAGTTGGATGCARATGTCAGATCGTGTGCGCCTGTTAGGGC GGG TGETRAAGRAGAGCCTTATAGGC
GCATTTGARRRRCCTCCGECTAT GCCGEAGGATATTTATTTCGACCARAGGTRAACGAGGTARCARCCATG
CEAGTGTTGRAGTTCGGCGETACATCAGTGECAR A TGCAGRACGTTTTCTGCGEETTGCCGATATTCTGGE
ARAGCARATGCCAGGCAGGGGCAGGTGECCACCGTCCTCTCTGCCCCCGZCARARTCACCARCCATCTGGET
AGCGATGATTGRARRALALCCATTAGCGGCCAGGAT G TTTACCCAATAT CAGCGATGCCGARCGTATTTTT
GCCGAACTTCTGRACGGGACTCGCCGCCGCCCAGCCGEEATTTCCGCTGECACARATTGARRRCTTTCETCG
ACCAGGRATTTGCCCARATARR R CATGTCCTGCATGGCATCAGTTTGTTGEGECAGTGCCCGEATAGCAT
CRARCGCTGCGCTEGATTTGCCGT GECGAGRARATGTCGATCGCCATTATGGCCGECGTGTTAGRAGCGCGET
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BLAST Example

* NC 004431.faa

>gi|26245918 |ref |INP_751957.1| thr operon leader peptide [Escherichia coli CFT073]
MERISTTITTTITITTGNGAG

>gi|26245919|ref INP_751958.1| hypothetical protein c0002 [Escherichia coli CFT073]
MEYEEEREATGCILEELCEWESVEILEARCCADHIHMLVE T PPEMSVSGEFMGY LEGESSIMPYEQEGDLE
FEYENEEFWCEGYYVDTVGENTRAKIODY TEHOLEEDEMGEQLSIPYPGSPETGEE
>g1|26245920 |ref |[NP_75195%9.1| bifunctional aspartokinase I/homeserine dehydrogenase I [Escherichia coli CFT073]
MENLELCEEIFISTEGNEVITMEVLEFGGT SVANAERFLEVADTI LESNAROGOVATVLSAPARKTITNHLVA
MIBETISGODATLPNISDAREIFARLLTGLARROPGFPLAQLETEVDOEFAQTEHVLHGISLLGQCPDSIN

AR ICRGEEMS IATMAGY LEARGHNVTVIDPVEELLAVGHY LESTVDIARSTRRIAASETIPADHMVLMAG
FTAGNEEGELVVLGENGSDY SARAVILAACTRADCCEIWTDVDGVY TCDPEQVPDARLLESMSYQREAMETLSY
FPEAEVLHPETITPIAQFQIPCLIENTGNPQAPGT LIGASEDEDELPVEGI SNLNNMAME SV SGPGMEGMY
GMARRVFAAMSERARISVVLITOSSSEYSISEFCVEPQSDCVEARRAMOREEFYLELEEGLLEPLAVTERLATT
SVVGDEMETLEGI SAEKFFARLARAN TN IVATAQGSSERSISVVVNNDDATTGVEVTHOMLEFNTDOVIEVE
VIGVGEVEEALLEQLEROOSWLENEHIDLEVCGVANSKALLTNVHGLNLENWOEELAQAKEPFNLGELIR
LVEEYHLLNPVIVDCT S SQAVADOYADFLEEGFHVVT PNEEANTSSMDY YHOLEYRARKSEREFLY DTNV
GAGLPVIENLONLLNAGDELMEFSGILSGSLSY IFGELDEGMSFSEATTLARFMGY TEPDPRDDL S GMDWV
ARELLITARETGRELELADIEIEPVLPARFNARGDVARFMANTLSOLDNLFARRVAFARDEGEVLEYVGNT
DEDGVCEVEIAEVDSNDPLEEVENGENALAFY SHY YQPLPLVLEGY GAGNDVTAAGVFADLLETLSWELG
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BLAST Example

* Create local blastable databases from the NC 004431.fna and
NC 004431.faa FASTAfiles by usingthe blastformat function.

blastformat ('inputdb', filename fna, 'protein', 'false');

blastformat ('inputdb', filename faa);

= Bioinformatics
GR

bin

blast-2.2.17T-universal-macosx
D blast examples.asv
D gquery nt.fa
[] NC_004431.faa
[] NC_004431.fna
D formatdb.log
ﬂ blast examples.m
ﬂ example.m

HC 004431.fna.nhr

[] NC_004431.fna.nin
[ NC_004431.fna.nsg
[] NC_004431.faa.phr
[] ¥C_004431.faa.pin
[ NC_004431.faa.psg
D myscoll nt.txt
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BLAST Example

* Use the getgenbank function to retrieve sequence information for the E. coli

threonine operon from the GenBank® database.

\ Politecnico

I/di Bari

getgenbank ('M28570") ;

| s x|

1x1 struct with 24 fields

Field =

E[H Locusiame
LocusSequencelength
LocusMumberofStrands
clr| LocusTopelogy
LocusMoleculeType

&[H LocusGenBankDivisicn
LocusMaodificationDate
Definition

e[H] Accession

[H| RetrieveURL

Value

'ECOTHROPA'
‘351"

'linear’

‘DMA'

'‘BCT
11-JUN-19493"

‘Escherichia coli threonine operon (thrPLA) genes, complete cds.

‘M28570'
‘M28570.1'

ri
LJ

ri

L4

) - \
threonine operon.
r

iLJ

‘Escherichia coli’
3xb4 char

TxT cell

ri
iJ

2657 char

T2 struct

‘ttgcaacgggcaatatgtctetgtgtggattaaaaaaagagtygtctgatageag cthctgaactggttacetgccgtgagtaaattaaaattttattgacttaggteactaaat..,
'https:/www.ncbinlm.nih.gov/entrez/viewer fcgifdb=nuccoredlid=M28570'
'https://eutils.nchi.nlm.nih.gov/entrez/eutils/efetch fcgi?db=nuccore&lid=290476&rettype=gb8iretmode=text'
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BLAST Example

* Create a query file by using the fastawrite function to create a FASTA file named
query nt.fa from this sequence information, using only the accession
number as the header.

S.Header = S.Accession;
path query = 'Bioinformatics/SA/query nt.fa';
fastawrite (path query, S);

>M28570
ttgcaacgggcaatatgtctctgtgtggattaaaaaaagagtgtctgatagcagecttctgaactggttac
ctgccgtgagtaaattaaaattttattgacttaggtcactaaatactttaaccaatataggcatagecgeca
cagacagataaaaattacagagtacacaacatccatgaaacgcattagcaccaccattaccaccaccatc
accattaccacaggtaacggtgcgggctgacgcgtacaggaaacacagaaaaaagcccgcacctgacagt
gcgggctttttttttecgaccaaaggtaacgaggtaacaaccatgcgagtgttgaagttecggecggtacatc
a
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BLAST Example 1

 Example 1: Search nucleotide query versus nucleotide database

* Use MATLAB syntax to submit the query sequence in the query nt.fa FASTA
file for a BLAST search of the local nucleotide database NC 004431. fna.

Specify the BLAST program blastn. Return the BLAST search results in
results, a MATLAB structure.

results = blastlocal ('inputquery', path query, ...
"database', filename fna, ...

'program', 'blastn');

| results [

1x1 struct with 6 fields

Value * Algorithm  NCBIalgorithm used to do a BLAST search.

:Eﬂiﬁ.ﬂ'w[A”F"H'EDW]' * Query Identifier of the query sequence submitted to a BLAST search.
3;*1': o3t £ * Length Length of the query sequence.

il struct * Database All databases searched.
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BLAST Example 1

* Example 1: Search nucleotide query versus nucleotide data

| results | results.Hits [
results.Hits
Field Value
|r| Name 'gi|26243917|ref|MC_004431.1| Escherichia celi CFTO73, complete genome’
] Length 5231428
H5Ps Tl struct

Hits.Name
Hits.Score
Hits.Expect
Hits.Length

; =| Politecnico
¢7//di Bari

Name of a database sequence (subject sequence) that matched the query sequence.
Alignment score between the query sequence and the subject sequence.

Expectation value for the alignment between the query sequence and the subject sequence.
Length of a subject sequence.
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BLAST Example 1

* Example 1: Search nucleotide query versus nucleotide data

|. results | results.Hits | results.Hits.HSPs |

results.Hits.H5P=

Fields EE| Score Eﬂ Expect Identities EE| Strand E|E| Alignment @Duer}rlndices IE'Sul:rjv::u::tll'|u::|i|::5

1 329  1.0000e-90) 1x7 struct 'Plus/Plus'  |tgceacgggooatatgicictgigtgg... |[2,188] [17,203]

2 1290 2.0000e-30 1x7 struct 'Plus/Plus’  |aggtaacggtgegggotgacgeogtac.. [222,286] [237,301]

3 11| 5.0000e-25 1x7 struct 'Plus/Plus'  |cgoccoooggtoacgeggtaacaac. |[296,351] [1022,1077]

4 30.2000 1. 4000/ 17 struct 'Plus/Minus’ |cocagaaaaaagocogoac||| [} |[254,272] [312,204]

5 28.2000 5.5000) 1x7 struct "Plus/Minus' |gaocaaaagocogea||||||||||]|gaea... |[258,271] [700336,700323]

B 28.2000 5.5000) 1x7 struct 'Plus/Plus'  |otccatgaaacgeal|||||||||||||otcecat... |[171,184] [1628663,1628676]

i 28.2000 5.5000| 1x7 struct 'Plus/Plus’  |ccatgaaacgeatt||||||||||||||ccatga... ([173,186] [1925409,1985422)

3 28.2000 55000 1x7 struct  |'Plus/Plus’  |agtgttgaagticg|||||[lllllll|agtgtt... |[327,340] [2374649,2374662]

9 28,2000 5.5000| Tx7 struct 'Plus/Plus’  |aocgggeaatatgt||||||||||||||leacgg... [3,18] [3300335,3300348]

10 28.2000 5.5000/ 1x7 struct 'Plus/Minus’ |tctgoactggttad||||||||[||||tctgeec.. [57,70] [3868117,3868104]

11 28,2000 5.5000| Tx7 struct 'Plus/Minus' |cagcttctgaactg|||]|||||||||cogettct... [32,65] [4081677,4081664]

12 28.2000 5.5000/ 1x7 struct 'Plus/Plus’  |toaoaattacagag||||||||||||[toeaa...|[149,162] [4249562,4249573]

13 28.2000 5.5000| 1x7 struct 'Plus/Minus' \ecagaaaaaagocd|||]|||||||l|lecag... [[255,268] [4587817 4587304)

14 28.2000 5.5000) 1x7 struct 'Plus/Minus' |occooaggtoacgal||||||||l|||ecce... |[298,311] [5101728,5101715]
Hits.HSPs.Score Pairwise alignment score for a high-scoring sequence pair between the query sequence and a subject sequence.
Hits.HSPs.Expect Expectation value for a high-scoring sequence pair between the query sequence and a subject sequence.
Hits.HSPs.Identities Identities (match, possible, and percent) for a high-scoring sequence pair between the query sequence and a subject sequence.
Hits.HSPs.Strand Sense (Plus = 5' to 3' and Minus = 3' to 5') of the DNA strands for a high-scoring sequence pair between the query sequence and a subject sequence.
Hits.HSPs.Alignment Three-row matrix showing the alignment for a high-scoring sequence pair between the query sequence and a subject sequence.
Hits.HSPs.QueryIndices Indices of the query sequence residue positions for a high-scoring sequence pair between the query sequence and a subject sequence.
Hits.HSPs.SubjectIndices Indices of the subject sequence residue positions for a high-scoring sequence pair between the query sequence and a subject sequence.
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BLAST Example 1

* Example 1: Search nucleotide query versus nucleotide data
>> align = results.Hits.HSPs(1l) .Alignment;
>> align(:,1:20)

ans =

3x20 char array

'tgcaacgggcaatatgtctc'
LR Err et
'tgcaacgggcaatatgtctc'
>> align(:,20:40)
ans =

3x21 char array

'ctgtgtggattnnnnnnngag'

HEREEEEEE N
'ctgtgtggattaaaaaaagag'
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BLAST Example 1

* Example 1: Search nucleotide query versus nucleotide data

* A key element in evaluating the quality of a pairwise sequence alignment is the
"substitution matrix", which assigns a score for aligning any possible pair of
residues.

* A possible and simple way to implement a custom substitution matrix is the
following:

1. Define a substitution matrix
2. Define a function which maps residues to matrix indices

3. Calculate the cost/reward associated to the alignment
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BLAST Example 1

 Example 1: Search nucleotide query versus nucleotide data

1. Define a substitution matrix

Al Tlcle
+1 -5 -5 -1
-5 +1 -1 -5
-5 -1 +1 -5
-1 -5 -5 +1

pen matrix = ...

[+1 -5 =5 -=1;

ccccccc



BLAST Example 1

 Example 1: Search nucleotide query versus nucleotide data
2. Define a function which maps nucleotides to matrix indices

function idx = idx from atcg(charl)
1f charl == 'a'
idx = 1;
elseif charl == 't'
idx = 2;
elseif charl == 'c'
idx = 37
elseif charl == 'g'
idx = 4;
else
idx = -1;
end
end

o #*
BN J DIPARTIVENTO DI )
.\ | Politecnico ] G_pUI'Cm_ )
o di Bari s |  INGEGNERIA ELETTRICA P @ bloengineering
mmmmm B E DELUINFORMAZIONE i | T company

INDUSTRIAL
INFORMATICS company
TABGRATORID | IMFORMATICA INDUSTRIAI



BLAST Example 1

 Example 1: Search nucleotide query versus nucleotide data

3. Calculate the cost/reward associated to the alignment

function pen = score from matrix(charl, char2, pen matrix)
1idx1l = 1dx from atcg(charl);
1idx2 = 1dx from atcg(char2);

1f 1dxl > 0 && 1dx2 > O

pen = pen matrix (idxl, 1dx2);
else
pen = 0;
end
end
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BLAST Example 1

 Example 1: Search nucleotide query versus nucleotide data

>> align = results.Hits.HSPs(4) .Alignment;
>> align
align =
3x19 char array
'cacagaaaaaagcccgcac'

“tErrrrrrrrrrrrrrrrt

'cacaaaaaaaagcccgcac'

charl = g char2 = a
Penalty 1s -1

Final score 1s 35
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BLAST Example 2

 Example 2: Performing a Nucleotide Translated Search

* Use MATLAB syntax to submit the query sequence in the query nt.fa FASTA
file for a BLAST search of the local amino acid database NC 004431. faa.

Specify the BLAST program blastx. Return the BLAST search results in
results, a MATLAB structure.

results = blastlocal ('inputquery', path query, ...
"database', filename faa, ...

'program', 'blastx');

| results [

1x1 struct with 6 fields

Field Walue
Ic[A] Algorithm '‘BLASTX 2.2.17 [Aug-19-2007]
Query 'M28570"
1 Length 351
Database ‘Bicinformatics/5A/MNC_004431.faa'
E‘ Hits Tnd struct
Statistics 1x758 char
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BLAST Example 2

[results ﬁ| results.Hits  * | results.Hits(1).H5Ps = | results.Hits(1).H5Ps.Alignment 2 | results.Hits(2).H5Ps = | results.Hits(2).H5Ps.Alignment ﬁ|

results.Hits
Fields lc]H] Name HH Length HSPs
1 'gi|26245920|ref|MP_T31959.1| bifunctional aspartckinase |/homeserine dehydrogenase | [Escherichia coli CFTOT3]' 81| 1xT struct
2 'gi|26248808|ref|MP_T34842.1| hypothetical protein c2966 [Escherichia celi CFTO73]' 197 1x7 struct
3 'gi|26247297|ref|[MP_T33337.1| hypothetical protein 1428 [Escherichia coli CFTOT73]' 43| 17 struct
4 'gi|26250740|ref|MP_T36120.1| hemin importer ATP-binding subunit [Escherichia coli CFTO73]' 266 1x7 struct
[ results | results.Hits | results.Hits(1).HSPs ?’%| results.Hits(1).H5Ps.Alignment 2

results.Hits(1}.H5Ps.Alignment

val =

'LFFSTEGHNEVITMEVLEFGGTS "
'+F STEGHNEVITMRVLEFGGTS®
'IFISTEGHNEVITHMEVLEFGGTS "

[ results ?’%| results.Hits ﬁ| results.Hits(1).HSPs ?’%| results.Hits(1}.H5Ps.Alignment ﬁ| results. Hits(2).HSPs ?’%| results.Hits(2).H5Ps. Alignment = |
results.Hits(2).H5Ps.Alignment

val =
"ICLCAMPILVEVESDLSO*NFNLLTAGHNOFRS"
"+ LCAMP+++ 5 45 H++ H F 5°
"LMLCAMPIMIL.TGCESTHS SVHWSALNPWHNWEGS "
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BLAST Example 3

* Example 3: Performing a Nucleotide Search Using blastall Syntax

* Use blastall syntax to submit the query sequence in the query nt.fa
FASTA file for a BLAST search of the local nucleotide database NC 004431. fna.
Specify the BLAST program blastn and an expectation value of 0.0001. Return
the BLAST search results in results, a MATLAB structure.

query = sprintf('-i $s -d %s -p blastn -e 0.0001', path query, filename fna);

results = blastlocal (query);

| results [

1x1 struct with & fields

Field Value
Algurithm ‘BLASTM 2.2.17 [Aug-19-2007]
|| Query 'M28570'
1 Length 351
Database ‘Bicinformatics/SA/MNC_004431.fna'
£| Hits Ix7 struct
Statistics 1x707 char
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BLAST Example 4

* Example 4: Performing a Nucleotide Search and Creating a Formatted Report

* Submit the query sequence in the query nt.fa FASTA file for a BLAST search
of the local nucleotide database NC 004431 . fna. Specify the BLAST program
blastn and a tabular alignment format. Save the contents of the BLAST report
to a file named myecoli nt.txt.

blastlocal ('"inputquery', path query,...
'database', filename fna,
'tofile', 'Bioinformatics/SA/myecoli nt.txt',

'blastargs', '-p blastn -m 8'");
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BLAST Example 4

myecoll nt.txt

M28570 g1|26245917|ref|NC 004431.1| 100.00 187 O 0 2 1668 17 203 le-080 329
M28570 g1|26245917|ref|NC 004431.1| 100.00 €5 O 0 222 286 237 301 Z2e-030 129
M28570 g1|26245917|ref|NC 004431.1| 100.00 56 O 0 296 351 1022 1077 Se-025 111
M28570 g1|26245917|ref|NC 004431.1| 94.74 19 1 0 254 272 312 254 1.4 30.2

M28570 g1|26245917|ref|NC 004431.1| 100.00 14 0O 0 258 271 700336 700323 5.5 28.2
M28570 g1|26245917|ref|NC 004431.1| 100.00 14 0O 0 171 184 1628663 leZB8e676 5.5 28.2
M28570 g1|26245917|ref|NC 004431.1| 100.00 14 0O 0 173 186 1985409 1965422 5.5 28.2
M28570 g1|26245917|ref|NC 004431.1| 100.00 14 0O 0 327 340 2374649 2374662 5.5 28.2
M28570 g1|26245917|ref|NC 004431.1| 100.00 14 0O 0 ) 18 3309835 3309846 5.5 28.2
M28570 g1|26245917|ref|NC 004431.1| 100.00 14 0O 0 57 70 3868117 3868104 5.5 28.2
M28570 g1|26245917|ref|NC 004431.1| 100.00 14 0O 0 52 65 4081e77 4081ced4 5.5 28.2
M28570 g1|26245917|ref|NC 004431.1| 100.00 14 0O 0 145 162 4245562 4245575 5.5 28.2
M28570 g1|26245917|ref|NC 004431.1| 100.00 14 0O 0 255 268 4587817 45876804 5.5 28.2
M28570 g1|26245917|ref|NC 004431.1| 100.00 14 0O 0 298 311 5101728 5101715 5.5 28.2
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Levenshtein distance

* In information theory, linguistics and computer science, the
Levenshtein distance is a string metric for measuring the difference
between two sequences.

* Informally, the Levenshtein distance between two words is the
minimum number of single-character edits (insertions, deletions or
substitutions) required to change one word into the other.

* |t is named after the Soviet mathematician Vladimir Levenshtein, who
considered this distance in 1965.
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Levenshtein distance

e lterative with full matrix

 Computing the Levenshtein distance is based on the observation that
if we reserve a matrix to hold the Levenshtein distances between all
prefixes of the first string and all prefixes of the second, then we can
compute the values in the matrix in a dynamic programming fashion,
and thus find the distance between the two full strings as the last

value computed.
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Levenshtein distance

int Levenshtein_distance(char *x, char *y) {
int m = strlen(x);
int n = strlen(y);
printf("m = %d , n = %d\n", m, n);
int i, j;
int distance;
int **d = malloc((m + 1) * sizeof(int*));
for(i = 9; i <= m; i++)
d[i] = malloc((n + 1) * sizeof(int));
for(i = 9; i <= m; i++)

dli][e] = 1i;
for(j = 1; j <= n; j++)
dfe][3] = J;

print_matrix(d, m, n);
for(i = 1; i <=m; i++) {
for(j = 1; j <= n; j++) {
if(x[1i - 1] '=y[j - 1]) {
int k = minimum(
dfi][] - 1],
dfi - 1][3],
) dfi - 1][J - 1]

d[i][j] = k + 1;
} else {
) d[i][j] = d[1 - 1][J - 1];
print_matrix(d, m, n);
}
}
distance = d[m][n];
for(i = 0; 1 <= m; i++)
free(d[i]);
free(d);
return distance;
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Levenshtein distance

* Example

* The Levenshtein distance between "attccag" and "atgcaa" is
3, since the following three edits change one into the other, and there
is no way to do it with fewer than three edits:

e atgcaa - attcaa (substitution of "g" for "t ")
e attcaa - attcca (substitution of "a" for "c"
e attcca - attccag (insertion of "g" at the end).
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Levenshtein distance

* strl:attccag
* strZ:atgcaa

atgecaa
01 2 3 456
aloO1l2343%5 The Levenshtein Distance between
t21012 34 attccagand ctgcaais 3
t 32112 3 4
c 4 322123
c 5433223
ao b4 4 32 2
g7 654433
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Levenshtein distance

str’Z: cta

e strl:att

t
012 3
all 2?2
t2 212
t 3000

t
012 3
all?2?2
t 2000
t 3000

t
01 2 3
aloOO0do
t 2000
t 3000

t
012 3
all?2?2
t2 2172
t 3322

t
01 2 3
all2?2
t2 212
t 3300

t
01 2 3
all2?2
t2 200
t 3000

t
012 3
alla 0@
t2 000
t 3000

The Levenshtein Distance between

attandctais?2
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