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Sequence data mining using CLUSTAL W

Sequential pattern mining i1s a topic of data mining concerned with finding statistically relevant
patterns between data examples where the values are delivered in a sequence. It is usually presumed
that the values are discrete, and thus time series mining is closely related, but usually considered a
different activity.

Biological sequences define the sequences of nucleotides or amino acids. Biological sequence analysis
compares, aligns, indexes, and study biological sequences and therefore plays an essential role in
bioinformatics and current biology.

Sequence alignment depends on the fact that all living organisms are associated by development. This
indicate that the nucleotide (DNA, RNA) and protein sequences of species that are nearer to each
other in evolution must exhibit higher similarities. An alignment i1s the procedure of lining up
sequences to obtain a maximal identity level, which also defines the degree of similarity among
sequences.



Conti..

ClustalW 1s a tool for aligning multiple protein or nucleotide sequences. The alignment is achieved
via three steps: pairwise alignment, guide-tree generation and progressive alignment.

Clustal W is a general purpose multiple alignment program for DNA or proteins. The sensitivity of
the commonly used progressive multiple sequence alignment method has been greatly improved
for the alignment of divergent protein sequences.

The objective of Clustal W to align three or more sequences to find out structural and functional
relationship between these sequences.

Conserved regions: In biology, during the evolutionary time there may be some regions called
group of bases or a sequence of nucleotides preserved as such in DNA, those sequences or a
region, if seen in next generations called as Conserved regions.

Consensus Sequence: In a Nucleotide or an amino acid sequence, each base pair (an amino acid or
a nucleotide) may occur more frequently at a particular region in different sequences of nature.



Summary of MSA Programs

Summary of MSA programs that we consider to be the best currently available

Program
CLUSTALW
DIALIGN

MAFFT, MUSCLE

PROBCONS
ProDA

T-COFFEE

Advantages

Uses less memory than other programs

Attempts to distinguish between alignable and
non-alignable regions

Faster and more accurate than CLUSTALW; good
trade-off of accuracy and computational cost.
Options to run even faster, with lower average
accuracy, for high-throughput applications.
Highest accuracy score on several benchmarks

Does not assume global alignability; allows repeated,
shuffied and absent domains.

High accuracy and the ability to incorporate
heterogeneous types of information

Cautions

Less accurate or scalable than modem programs
Less accurate than CLUSTALW on global banchmarks

For very large data sets (say, more than 1000 sequences)
select time- and memory-saving options

Computation time and memory usage Is a limiting factor for
large alignment problems (>100 sequences)

High computational cost and less accurate than CLUSTALW
on global benchmarks

Computation time and memory usage is a limiting factor for
large alignment problems (>100 sequences)



CLUSTALW / CLUSTAL Omega

Pair wise sequence alignment has been approached with dynamic programming between nucleotide or
amino acid sequences. The same approach can be used for alignment of ‘n’ number of sequences. But this
program is limited to pair wise, since there will be exponential increase in memory, number of steps with
respect to number of sequences. Because of such limitations with dynamic programming, researchers
came up with an approach called ‘progressive method' to align three or more sequences.

Progressive method was first suggested by Feng and Doolittle in 1987. It compares only a pair of
sequences together at a time using the following steps:

Using the standard dynamic programming algorithm on each pair, we can calculate the (N*(N-1))/2 (N 1s
total number of sequences) distances between the sequence pairs.

From the distance matrix obtained using the clustering algorithm, construct a guide tree.

From the tree obtained, align the first node to the second node. After fixing the alignment, add another
sequence or the third node. Iterate the step until all the sequences are aligned. When a sequence 1s aligned
to a group or when there 1s alignment in between the two groups of sequences, the alignment is performed
that had the highest alignment score. The gap symbols in the alignment replaced with a neutral character.
Where it helps to guide the alignment of sequence- alignment and alignment —alignment.



Contl...

 CLUSTALW uses the progressive algorithm, by adding the sequence one by one until all the
sequences are completely aligned.

* Steps for CLUSTAL algorithm

1) Calculate all possible pairwise alignments, record the score for each pair.

11) Calculate a guide tree based on the pairwise distances (algorithm: Neighbor
Joining).

111) Find the two most closely related sequences

1v) Align the sequences by progressive method

a) Calculate a consensus of this alignment.

b) Replace the two sequences with the consensus.

c) Find the two next-most closely related sequences.

d) Iterate until all sequences have been aligned

v) Expand the consensus sequences with the (gapped) original sequences

vi) Report the multiple sequence alignment
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Goﬁgle ClustalW > 4L Q
Al M Books & Images ] Vvideos = News : More Tools

About 356,50,000 results (0.38 seconds)

https/faww.genome.jp » tools-bin » clustalw j

Multiple Sequence Alignment - CLUSTALW - GenomeNet

Multiple Sequence Alignment by CLUSTALW. ETE3, MAFFT, CLUSTALW., PRREN. Help.
General Setting Parameters: Cutput Format CLUSTAL, GCS(MSF), GDE, PIR. Phylip ...
Phylogenetic analysis pipeline... - Mafit - Help

hitps:/fwww. ebi_ac_uk > Tools » msa > clustalo

Clustal Omega < Multiple Sequence Alignment < EMBL-EBI

Clustal Omega is a multiple sequence alignment program. It produces bioclogically meaningful
multiple sequence alignments of divergent seguences.

Pairwise Sequence - Help & Documentation - Bicinformatics Tools FAQ

You'we visited this page 2 times. Last visit 18/6/22

https:/fwww.ebi ac uk » Tools » msa » clustalw2
ClustalWw2 < Multiple Sequence Alignment < EMBL-EBI

ClustalWw?2 is a general purpose multiple seqguence alignment program for DMNA or proteins. It
attempts to calculate the best match for the selected sequences, ..

People also ask

What is ClustalW used for? ~
What is ClustalVW algorithm®? ~
What is ClustalW format? ~
What is a Clustal alignment? ~
Feedback

— G Oy B google.comysearch?q=ClustalWé&iriz=1C1CHWL_enIMN963IN9638biw=12808bih=9138sxsrif=ALICzsYzD5K0gIXoASLCtbGqDUTlowvtPcQ9%3A1655...

Clustal <

Computer program

Clustal is a series of widely used computer programs
used in biocinformatics for multiple sequence
alignment. There have been many versions of Clustal
over the development of the algorithm that are listed
below. The analysis of each tool and its algorithm are
also detailed in their respective categories. Wikipedia

Developer(s): Des Higgins; Fabian Sievers; David
Dineen: Andreas Wilm (all at the Conway Institute,
ucD)

Operating system: UNIX, Linux, MacOS, MS-
windows, FreeBSD, Debian

Stable release: 1.2.2 / 1 July 2016; 5 years ago
Written in: C++

Purpose s

Command line e
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M EMBL-EBI Sernvices Research Training Industry About us Q,

Input form Web services | Help & Documentation | Bioinformatics Tools FAQ |

Tools = Multiple Sequence Alignment > Clustal Omega

Multiple Sequence Alignment

Clustal Omega is a new multiple sequence alignment program that uses seeded guide trees and HMM profile-profile technigues to generate alignments between three
or more sequences. For the alignment of two sequences please instead use our pairwise sequence alignment tools.

Important note: This tool can align up to 4000 sequences or a maximum file size of 4 MB.

STEP 1 - Enter your input sequences

PROTEIN

sequences in any supported format:

)

Or, upload a file: | Choose File | No file chosen Use a example sequence | Clear seguence | See more example inputs

STEP 2 - Set your parameters

This website requires cookies, and the limited processing of your personal data in order to function. By using the site you
are agreeing to this as outlined in our Privacy MNotice and Terms of Use.

—EW " Address j 10:38 AM

B/18,/2022
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NCBI Home

An official website of the United States government Hers's how

M schdule - brijendra.bioinfo@gme: >

B ncbi.nim.nih.gov

ou Know s

National Library of Medicine

National Center for Biotechnology fnformation

Clustal Omega < Multiple Seque X B MNational Center for Biotechnolo

b

All Databases  ~ | |

Welcome to NCBI

Resource List (A-Z)

All Resources

The National Center for Biotechnology Information adwvances science and health by providing access to

biomedical and genomic information.

Chemicals & Bioassays

About the NCEI | Mission | Organization | NCEI Mews & Blog

Data & Software

DA & RNA

Submit

Domains & Structures

Deposit data or manuscripts

Genes & Expression

into NCBI databases

Genetics & Medicine

Genomes & Maps

Homology

Literature

Proteins

Sequence Analysis

Develop

Taxonomy

Training & Tutonals

Use NCEI APls and code
libraries to build applications

“ariation

CcCOoVID-19 Information

Download Learn

Find help documents, attend a
class or watch a tutcrial

Transfer NCBI data to your
computer

Analyze Research

Identify an NCBI tool for your
data analysis task

Explore NCBI research and
collaborative projects

Public health information {COC) | Research information (NIH) | SARS-CoW-2 data (MCEI) | Prevention and

treatment information (HHS) | Espariol

Popular Resources
PubMed

Bookshelf

PubMed Central
BLAST

MNuclectide

Genome

SMP

Sene

Protein

PubChem

NCBI News & Blog

Sawve the Date: NCBI at the
Bicinformatics Open Science Conference
{(BOSC), July 2022

June 15 Webinar: What's new with NCBI
Wirus?

Join us on June 15 |, 2022 at 12PM US

Come ses MCBI at the ASM Microbe
Conference 2022

a1 May 2022

The American Society of Microbiclogy

More. ..
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< c ©r @ ncbi.nim.nih.gov/protein/?term=trypsin
Protein [ Protein ~ | [trypsin & |
Create alert Adwvanced Help

Species Summary - 20 per page - Sort by Default order - Send to: - Filters: Manage Filters
Animals (251 570)
Plants (16,840) =
Fungi (2,949) See prss1 (TRYPSIN) serine protease 1 in the Gene database Results by taxon
Protists (9.075) trypsin reference sequences Transcript (1) Protein (1) Top Organisms [Tree]
Bacteria (372 ,964) Mycobacterium tuberculosis (744700
Archaea (2,373) Staphylococcus aureus (710337}

i St i i 9276)
AIUSE S, D) See the results of this search (25858 items) in our new ldentical Protein Groups database. E;ﬁeﬁ%ﬁ;isol??gg%?mae @ ’

Customize ... 2
Mycobactercides abscessus (847G)

Source databases All other taxa (G32715)

PDE (5,869) Items: 1 to 20 of 684078 More. ..
RefSeq (307,857) Page of 34204 | Mext = | Last ==
UniProtkB f Swiss-Prot (4, 558) R B
Customize .. 0 Trypsin [Camelus dromedarius] Find related data Lt
— 1. 120 aa protein Database: [ Select ~

R Accession: KAB1276184 1 Gl: 1756551263
compartments L 5 - =

BiocProject Mucleotide Taxononmy

Chloroplast (1)
Mitochondrion (3) GenPept Identical Proteins FASTA Graphics
Plasmid (2,382)
Plastid (5) 12:| Trypsin [Stylophora pistillata] Search details =

1443 aa protein

_ _ trypsin[All Fields]
Accession: PEX29629.1 Gl: 1263133443

Sequence length
Custom range...

BicProject Mucleotide Taxonomy
Molecular weight GenPept Identical Proteins FASTA Graphics
Custom range. .. el
Release date [0 Trypsin [Stylophora pistillata] [ search | e
Customn range. .. 3. 254 aa protein
=t Accession: PEX24731.1 Gl 1263128440
Rewvision date BioProject Mucleotide Taxononmy =

Recent activity
GenPept Identical Proteins FASTA Graphics Turn Off  Clear

Q. trypsin (5834078)

Custom range. ..

Clear all

] Trypsin [Stylophora pistillata] I
Show additional filters = 215 aa protein
Accession: PEX211628.1 GI: 1262124757 Q. collegian (D)
BiocProject Mucleotide Taxonomy Praotesn
GenPept |ldentical Proteins FASTA Graphics B Escherichia coli
SEnonne
[ trypsin [Donghicola eburmeus] Q. e.coliforgn] (13
5. 272 aa protein Genome
Accession: SCMESTYE4.1  Gi: 11101616850 % Entrez Programming Utilities Help

BiocProject MNucleotide Taxonomy

B e =] = xZ Pe3| P = o
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— C Or B ebiacuk/Tools/msa/clustalo/ = ¥ » 0O @ 5

# EMBL-EBI Services Research Training Industry About us Q EMBL-EBI Hinxton ~

Input form wWeb services | Help & Documentation ‘ Bioinformatics Tools FAQ |

Tools = Multiple Sequence Alignment = Clustal Omega

= Fecdback

Multiple Sequence Alignment

Clustal Omega is a new multiple sequence alignment program that uses seeded guide trees and HMM profile-profile techniques to generate alignments between three
or more sequences. For the alignment of two sequences please instead use our pairwise segquence alignment tools.

Important note: This tool can align up to 4000 sequences or a maximum file size of 4 MB.

STEP 1 - Enter your input sequences

=KAB1276184 1 Trypsin [Camelus dromedarius]

MTGVYVYWEGKELNLASTPDLLQCLNAPSCRTAPAAAPTQAQITSNMICVGFHGGWEGLLPVYEGSNWLFPVAQGDSGGPWYWWCNGKLAGIVSWGY GCAVKGKPGC
LHOQGLQLRELDRQTISSY

=PFX21163 .1 Trypsin [Stylophora pistillata]

MLASPGGRQFCGGSLIDENWVLTAAHCVY GSSEDRVVIRMGAHKITDIGQEIOQWVAKITKHENYNPNNFQNDIALLKIL TESAKIDKGVYGRVCLPDANLSILVPGKKCYIT
GWGTLASGGEQFPDELQEASVPIVSHAQCQOQAY GGSIHESMICAGLDMGGIDACQGD SGGPMYCEFSGKWY LEGATSWGHGCALPNKFGVYAKVRY LKDWW®
Ml B AL B IR

//

Use a example sequence | Clear sequence | See more example inputs

10:45 AM ||
6/18/2022
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— O @ ebi.ac.uk/Tools/services/web/toolresult.ebi?jobld=clustalo-120220618-064955-0775-85182928-p2m = » O @ H

VIBL-EBI Sermvices Research Training Industry About us Q,

Clustal Omega

Input form | Web services | Help & Documentation | Bioinformatics Tools FACQ

Tools = Multiple Sequence Alignment = Clustal Omega

Results for job clustalo-120220618-064955-0775-85182928-p2m
AN hiGhi=l | Result Summary || Guide Tree || Phylogenetic Tree || Results Viewers || Submission Details

Download Alignment File | Show Colors

CLUSTAL O{1.2.4) multiple sequence alignment

SCMes7e4.1 0 - - ——— MRFILA-----—--—--——--——--— ATALCLGMSAASAEESELRRLDTGWDSRG 35
CAARE517 .1 - -MISMNKIATLLAVLWWVA-----—-- VACAQARVALKHRSWOALPRFLPRPOYDWGHRT 49
EYH2E367 .1 MEPMAEKPKRSLLSIVWWALLILMLVALVY FWFDMRLRWS - --RLEGELETLRFQL---- 53
SCMEETe4 .1 WE----------- GWERLDIG- - -GKGFCTEALVAPDLVLTAAHCLFDEKETGQRVELDQT 81
CAARRS1T.1 WEGFEIDWSETPYQWSLOYFN - - - -SHRCGGSWVLNSKWILTAAHCTWVNLOPSS - - = == == a8
EYH2ZEIET .1 -WS5LEAELSALRDEVEILRVGMASESLTFVEIYMNRTKWSWWYLISWVRTRL-- - - - - - —-—-—— 181

= .

SCMEST94.1 EFLAGWRMGRALAYRGI-------—-—— == == ——m———— ———— - — RRAVTHPSYRYDRSE 113
CAARE517 .1 -—--LAVRLGSS--------—--—— RH------—-——-— ASEETWWRWVARWVLEHPNYDDSTID 132
EYH2E367 .1 - - --GRGMGSGFIYDKEGRIITNMHWVVEGAEEIENVT FIDGTWWEAEVWGRDPYWDLAWID 157

ES *2 .
SCMEET9E. 1 - - -GAERVRLDLAL LELVQPIRNTQWTPFPT-G------- PLPHRGA - EVWGVVSYAYDRA 161
CAARERS1T.1 YDFSLMELETELTFSDVVOPYSLPEQDEAVEDGTMT - TWSGWGN - - TQSAAESHATL RAL 189
KYHZE3I67 .1 VDWVP----—--———- EQLLEPYVKFGMSSELLWVGERVIATGHNPFGLEGTMT IGWWSALSRO- 286
SCMEST94.1 EAPSL-QEICHMVLSWVY-----—---— - DEWVINVLSCOWDFGSSGAPIFQITPYGAK TWSWWA 21a
CAARE517 .1 NIPTWVMQKECTIAYSSSGGITDRMLCAGY KRGGKDACOEDSEEP LW - OG- - - K LWVGWVWS 245
EYH2E367.1 00 —-—-mmmmmmm—— - MRAPGGF - - - -WIVDVIQTDAATNPGMNSGGEP L LNMRG- — - ENVWGMMNT 246
. 8_8*_3:. ::$_:
SCMEETO4 .1 AKAEVMGEPVALGSDLSLA--YRELRAELEM-DIMWVRM - - - - - - - - — - — - —— — TMGAKGPR 252
CAARAS1T .1 W----———-- GFGCAMPG--- —- - ¥ PEWY ARVAVVRNLLVR - - - - - - - - - - — ENSGEA---- 275
KYH2S3IE7 .1 ATVSGTGOFAGIGFATIPIDTIKRELPSLLEEGVWYHHPY LGISGTDIKPGIAEAMGLDPST =1=1
] . - =

SCMEET9S .1 272
CAARRS1T.L 275
EYHIE3IET .1 3586
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— c O B ebi.acuk/Tools/services/web,/toolresult.ebi?jobld=clustalo-120220618-064955-0775-85182928 p2m&showColors=true&tool=clustalo [E = o » O @

Services Research Training Industry About us Q EMBL-EBI Hinxton -~

Clustal Omega

Input form | Web services | Help & Documentation Bioinformatics Tools FAQ

Tools = Multiple Sequence Alignment = Clustal Omega
Results for job clustalo-120220618-064955-0775-85182928-p2m
AT =8 | Result Summary | Guide Tree | Phylogenetic Tree || Results Wiewers | Submission Details
Download Alignment File  Hide Colors

CLUSTAL O{1.2.4% multiple sequence alignment

SCMEET94.1 ——=-=-—---MRFILA&A------------—-—- - - -ATAL CLGMSAASAEESELRRLDTGVDSRG 35
CAARBS51T .1 ——-MISNEIALLLAM ARMVALMHRSWQALPRFLPRPOYDWGHRT 45
EYHIS3IET .1 MEPMAEKPERSLLSIN DMRLRVWS---RLEGELETLRFQL---- 53

- i - .
SCMEET94.1 WE-----------GWGERLDIG- - -GKGFCTGALVAPDLYLTAAHCLFDHETGORVELDQT 81
CAARBS51T .1 WSETPYOWSLOYFMN- - SHROGGSVLMSHEIWI L TAAHCTWNLOPSS - - - - - - -
EYHIS3IET .1 “WSLEAELSALRDEVEILRVGNASESLTFWVEIYMNRTHEESWWLISWRTRL----------~
SCMESTOA. 1 EF LAGWRMGRALAYRGL - - - ——----—-——-—-—————- —— - — - —RRAVTHPSYRYDRSE
CAARBS51T .1 B A5EET ARV LEHPNYDDSTID
EYHIS3IET .1 EGAEEIEVTFIDGTWVVEAEWVGRDPYWDLAWID
* + -
SCMEET94.1 ---GAERVRLDLALLELVWQPIRNTOWTPFPT-G- - - - - - -PLPHRGA- EVGWVSYAYDRA
CAARBS51T .1 YDFESLMELETELTFSDAWWYOPVSLPEQDEAVEDGTMT - TVSGGHN- - TQSAAESHNATL RAS
EYHIS3IET .1 WONWP----------EQLLEPWXFGNSSELLWVGERVIATIGMNPFGLEGTMTIGWWSALSRQ -
SCMEET94.1 EAPSL-QEICMNVLSWVQ- - - - --- - - -DAGVIVLSCOVDFGSSEAPIFQI TPY QAKX IS 218
CAARBS51T .1 MIPTWMQHXECTIAYSSSGGI TDRMLCAGYKRGGKDACEDSEEP LYWW - DG - - - KLY 245
EYHIS3IET .1 —— === —=-—-—--MRAPGGF - - - -VIVDVIQTDAAINPGNSGGPLLMMRG - - - EWVW 246
= =% _*s .

SCMEET94.1 AKAEVMNGEPVALGSDLSLA- -YRELRAELEM-DMNWVREMN--------- -- - - - -TMGAKGPR 252
CAAB@A517.1 k- - - - -~ - - ~GFGCAMPG- - - - - - ¥PGEWVYARVAWWRMAWR - - - - - - - - - - ~ENSGA- - - - 275
EYHIS3IET .1 ATVSETGOFAGIGFAIPIDTIKRELPSLLEEGYVYHHPYLGISGTDIKPGIAEAMGLDPST 306
SCMEET94.1 H- - - - = -WIVGOQNSHT - - - -NGTGAK 272
CAAB@A517.1 m e e — oo 275
EYHIS3IET .1 366

Adcres I £7Y



M schdule - brijendra.bicinfo@gm:z » £ Results < Clustal Omega < Mult® X B trypsin [Candidatus Bathyarchas: X

<« C 0 @ ebiac.uk/Tools/services/web/toolresult.ebi?jobld=clustalo-120220618-064955-0775-85182928-p2m&analysis=phylotree = ¥ » O Q H

# EMBL-EBI Sernvices Research Training Industry About us Q, EMBL-EBI Hinxton ~

Clustal Omega

Input form | Web services | Help & Documentation | Bioinformatics Tools FAQ

= Feedback

Tools = Multiple Sequence Alignment = Clustal Omega

Results for job clustalo-120220618-064955-0775-85182928-p2m

Alignments | Result Summary | Guide Tree | Rl == iz Results Viewears || Submission Details

Download Phylogenetic Tree Data

Phylogenetic Tree

This is a Neighbour-joining tree without distance corrections.

Branch length: ® Cladogram ' Real
SCMBE/Y4 1 04014
} CAAS0517.1 0.37691
KYH36367.1 0.39233
Tree Data
(
SCMEET94.1:8.481448 ,
CAABBRS1Y.1:8.37691,
KYH3IS267.1:8.39233) 3
EMBL-EBI Services Research Industry About EMBL-EBI

By topic Publications Live training Members Area Contact us




Result Analysis

* The out put of Clustal W you can see that the last lines contains
seemingly cabalistic signs such as (*), (:), (.). These three symbols
have very precise meanings.

* (*) A star indicates an entirely conserved column.

* (:) A colon indicates columns where all the residues have roughly the
same size and the same hydropathy.

* (.) A period indicates columns where the size or the hydropathy has
been preserved in the course of evolution.
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o _ 0 B ebiacuk/Tools/services/web/toolresult.ebi?jobld=clustalo-120220618-064955-0775-85182928 -p2m&analysis=summary
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I
¥
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Clustal Omega

Input form | Web services | Help & Documentation | Biocinformatics Tools FAQ

Tools = Multiple Sequence Alignment = Clustal Omega

Results for job clustalo-120220618-064955-0775-85182928-p2m
Alignments Guide Tree  Phylogenetic Tree | Resulits Viewers | Submission Details

Input Sequences

clustale-120220615-064955-07 7 5-55182928-p2m.input
Tool Output

clustalo-120220618-064955-07 7 5-85182028-p2m.output
Alignment in CLUSTAL format with base/residue numbering

clustalo-1202206128-064955-07 75-85132928-p2m.clustal _num
Guide Tree

clustalo-120220618-064955-07 75-85182028-p2m.dnd
Phylogenetic Tree

clustale-120220615-064955-07 F5-55182928-p2m.ph
Percent ldentity Matrix

clustalo-120220618-064955-07 75-85182028-p2m.pim

EMBL-EBI : Services Research Industry About EMBL-EBI
By topic Publications Live training Members Area Contact us
By name (A-L) Research groups On-demand training Contact Industry team Events
Help & Support Postdocs & PhDs Support for trainers Jobs

Licensing Contact organisers MNews




1
2.
3.
4.

Main Criteria for Building a MSA

Structural similarity
Evolutionary similarity
Functional similarity

Sequence similarity

Main Application of Multiple Sequence Alignment

N SRR =

Phylogenetic analysis
Pattern Identification
Extrapolation

Domain Identification
DNA Regulatory Elements
Structure Prediction

PCR analysis.



e Reference:-

Bioinformatics “A Beginner’s Guide” by Jean — Michel (Wiley
publication).
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