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Handout Chapter 01: Introduction to Bioinformatics

Chaptlemtdoduction to

Module 001: INTRODUCTION TO BIOINFORMATICS
1 BACKGROUND

Bioinformatics isan interdisciplinary science at the cressads of biology, mathematics,
computer science, chemistry and physics. With the digitalizationth& biological
information, doors have been wide opened towards the analysis of this informatsamg
computer algothms and software

Now we know well that thdhumangenome hasver 25,000 genes anthese genes code
for thousands ofdifferent proteinswhich perform dayto-day functions in the living cell
Furthermore, these proteinamaytake on various postranslatioral modifications leading to
a very large number ofunctionally unique moleculesThis presents us with a huge
challenge in identification of genes and proteins.

1 EXPERIMENTS IN BIOLOGY

With the advancements iexperimental protocolsnow we haveseveral ®xt generation
instruments andtechniquesavailable for obtaining digitalized biological information
genes and proteins etd@hese instruments include:

1. Next Generation Sequencers (N&8)whole genome sequencing
2. High Resolution Mass Spectrometry fehole proteome profiling
3. Nuclear Magnetic Resonae Spectroscopy for structural studies

1 DIGITALIZATION OF BIOLOGY

Ly G2RIF&Qa ¢2NIRZI ¢KSyYy | 0A 2 f-ab3redrishelidSastF 2 NJ

produces digital datawhich iscontinuously beingstored on computer disks. The data may
includetext, numbers, symboler images.

1 SPEED OF DATA GROWTH

Due to advancemenin instrumentation used inbiological experimentsdata is being
accumulated at exponentially increasing rat&or examplegenomesequences in genome
databases are doubling every few years.

1 CONCLUSION

Human brain is limited in recalling information from memoRyrst, we have to commit all
information to our memory followed by its recallo overcome our ability to memorize and
recdl, computerscan come to our rescue. This is because computers have an infinite ability
to recallthisinformation and proces# quickly towardgesults.
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Handout Chapter 01: Introduction to Bioinformatics

Module 002: INTRODUCTION TO BIOINFORMATICS

T MOTIVATION
Bioinformatics is a becoming a popular scemlue to several reasons.

U Itis aninterdisciplinary fieldas it covers the information of biological digitaldrmation
including uman,plants,animals and microorganisms.

U Althoughit isanewfield but it israpidlydeveloping field

U It demands a verjow costinfrastructure anchardly anylab equipment

U Asbioinformatics data concerns a wide range of species such as humans, plants and

micro-organisms, it presents us witklenty of opportunities in scientific discovery.

1 SCOPE OF BIOINFORMATICS

Bioinformatics primarily deals withdigitalized biological information as well asdata
reported from biology experiments.Computational methods, data processing techniques
andalgorithms are employed in addressing the following issues:

Storage of data

Organization data

Analysis of many experiments

For representation of biological information

[t et et A ]

1 ACTIVITIES
Inmodern biological sciencelioinformatics is used for activitiesich as:

Developingalgorithmsfor organizingdatacollected from experiments
Writing softwareand toolsfor data analysis

Data pocessingo determine the role of underlying biomolecules
Statstical evaluatiorof data using methods such asest andANOVA
Data visualizatiofior meaningful presentation of biological information

cC:

1 CONCLUSION

In Pakistan, the field of biologis undergoing a rapid change due to the onset of
bioinformatics. New research and educational programs are being constructed weghich
opening new door of opportunities farur future generatiors.
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Handout Chapter 01: Introduction to Bioinformatics

Module 003INTRODUCTION TO BIOINFORMATICS
1 NEED FOR BIOINFORMATICS

If we look at the pace of development in the area of bioinformaticatiae can easilyobserve
that from yearQ 2000 to 2015 the number of online tools for processingenomics and
proteomics infemation are rapidly increasing This is just a reflection of the need for
bioinformatics in modern day biology.

The field of Bioinformatics and Computational Biology is characterized by a highly diverse
confluence of traditional academic disciplines. Informatics andsBience are the umbrella
terms given to a set of allied disciplines which make up the fieldabeiuch larger array of
traditional areas contribute to the set of tools needed by individuals training for this new and
expanding interdisciplinary field. Biomedical Engineering, Electrical and Computer Engineering,
Computer Sciencépplied Mathematics, €netics, Biology, Anatomy and Cell Biology, Micro
Biology, and Biostatisti@e the principal allied disciplines

1 CONCLUSION

The need for bioinformatics is on a rapid rise laslogical data israpidly increasing and
becomingavailable onlingfree of ay cost
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Module 004: NEED FOR BIOINFORMATICS

If we observe the growth of gene bank than from 1982ainprised of2 billion base pais but

by year 2002 ithad risen tdb6 billion base pais. With the data in our hands, there is an urgent
need to intepret this data. For instance, analysis of this data can help us in developing an
understandng ofthe phylogenetd G G NBS 2F ft ATS¢ GKAOK O2yairal

U Bacteria
U Archaea
U Eucarya

Towards exploring the possible benefits of using bioinformatics, one needsigwer the
following question:

1 WHATIS IT THABIOINFORMATICSANDELEIVER?
Thesimple answeto that bioinformaticsis:

U Provide us better understandingf life, ewlution, molecular mechanisms as well as
disease.

U Moreover, we can make better drugwith the availability of an enhancecholecular
understanding of disease.

1 POSSIBLE CONTRIBUBON
U It canhelp us toorganizethe largedatasets from new experiments instruments
U Bioinformatics can help store and process this data as well.
U It canprovideingghts into the meanings of our researgksults and findings.
U Overall, i canhelp us to letter understand paradoxes defining the life forms

1 CONCLUSION

From gene sequencing to protein sequencib@informatics is providing uaith an improved
understandng of the genes,proteins, protein interaction and signaling pathways invalvia
biological functioning and disease
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Module 005: APPLICATIONS OF BIOINFORMATICS

When we look atbioinformatics it seems to be a very complex and abstract field. Hoa a
where can bioinformaticdbe applied specifically? Howoes it improve the fundamental
understanding obiologcal phenomenof Most importanty, how canits benefits be delivered
to the societyat large?

The answerso these questions are categorizedfatows:

1 GENOMICS

u

cC: . C

Bioinformatics catelp inassemblingdNAsequencingdata.

It can help in gnefinding (markers)

Geneassemblycan be performed using bioinformatics todigicleotide alignments)
It can help transcribe the gerdatato RNA data

Also,database can be generated from such data.

1 EVQUTIONAR STUDIES

u

u
i
i

Evolutionary relationshipbetween different organismean be derived from data
Evolutionary distance among spec@s be computed by using bioinformatics tools.
Phylogenetic tres can beconstructed to find relationships between species.
Ancestry can be better understood between seves@ciesand organisns.

1 PROTEOMICS

u
i
i

Bioinformatics can d&lp usin decodingprotein sequencs.

It can also Blp usin understandng protein structure

We can also understand posttranslational changes in proteis with the help of
bioinformatics.

We can better understand the proteirprotein interaction in different biological
reactions.

It can also helps in generatinglatabase of these sequences and stitwres.

1 SYSTEBBIOLOGY

u

Bioinformatics can assist usnmodelingregulatory mechanisms in gene aptbtein
networks

Such models can be analyzed to identify the key regulators in these networks.
Moreover, the models can help evaluate drugs to treat thkesg regulators

1 CONCLUSION

Bioinformatics can be applied to life in many ways it help$o understand the sequence
andfunction of biomolecules and their relationshig®ecent trends in bioinformatics
involve development opersonalize therapeutics fo cancer and diabetes
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Module 006: APPLICATI®DF BIOINFORMATHIIS

Bioinformatics is being applied in routine life in many ways like in Genomics, transcriptomics,
Proteomics, Metabolomics, Structural Proteomics, Designing Drugs, System Biology and in
personalization of medicines for cure.

Except these applications Bioinformatics introduced us the techniques which enabled us to
generate the large data regarding biology and also its use. And step by step the applications of
bioinformatics increased fra genomic level to entire system level.

1T SMALL TO BIG

U Bioinformatics helps us to understand the systems from small to big like from gene findings to
entire system prediction

U In structure findings and modeling of many biological system to understand them i
better ways.

U Bioinformatics helped the human to understand the protein, protein interaction in many
biological systems.

U And provide us the concept how these biological process are interconnected with each
other and how they affect each other.

i Now we ae able to understand the modeling of molecules and genome at cell level.

U Signaling pathways are easy just because of bioinformatics.

U Now morphology of tissue can be understand by creating the models with help of
bioinformatics tools.

1 CONCLUSION

Bioinformatics not only just collect, analyze and store the data it process it in very authentic
way and validates our hypothesis and very soon in future it will help us to understand that
which disease is coming in future and how to tackle it with perBp@anedicine.

Page6 of 320




Handout Chapter 01: Introduction to Bioinformatics

Module 007: FRONTIERS IN BIOINFORMATICS

1 INTROCDUCTION

Bioinformatics is new and emerging field of science having vast opportunities and with
innovation in tools it is increasing the scale of biological data, but still thersnarny unsolved
challenges which are pending in the field of life science and for which bioinformatics is doing
new innovative ideas.

1 FRONTIER IN GENOMICS

Now we are able to sequence the whole genome with the bioinformatics tool of Next
generation sequencimn (NGS)

We are able to save, store and analyze the massive amount of biological data which is in
(Terabyte files)

We can handle the large number of data easily and can process it as well in easy way.

Whole genome can be assemble in sequence and can flamwbe identified easily.

1 FRONTIER IN TRANSCRIPTOMICS

Now in genomics we are able to identify those matters which are unknown yet or under
discussion.

Role of RNA in making proteins and its dynamics can be understood easily now.

Interactions of RNA metule can be easily understood by simple model.

1 FRONTIER IN PROTEOMICS

Deficiency of low proteins in any patient tissue sample can be identify.

Expression and manufacture of protein in large molecular level in any organism can be
identified.

Pathwaydefore and after any biological reaction are easy to design.
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Bioinformatics is literally a science full of challenges and opportunities having a revolution

in field of biology and routine life.
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Module 008: FRONTIERBEMDINFORMATHKIS
Frontier in Bioinformatics includes

c:

Next generation genomics
Transcriptomics
Proteomics

cC: C:

1 FRONTIER IN PROTEIN STURUCTURE

Bioinformatics helps us to understand the layer folding of proteins that how they are
processed, and helps to knawat how protein interact with each other and how a drug can
affect or stimulate a protein.

1 FRONTIER IN SYSTEM BIOLOGY

It helps us to understand the whole system of a single cell, in that cell how organelles, gene,
proteins and metabolites are interconoed in a single unified system (cell). And
bioinformatics also give us the idea how these models can be applied tomeal

1 FRONTIER IN PERSONALIZED MEDICINE

This is the important thing for this century and upcoming generation that personalize the
medicine for exact cure of a disease. Because all the medicine cannot work exact some effect
patient badly therefor with the help of Bioinformatics we are now able to personalize some
medicines for some diseases. And bioinformatics helps us to evaluate ttheinme

1 CONCLUSION

If we talk aboutthe 210Sy G dzNE G KIy AGQa GKS OSyldzaNE 27
to cure many disease with one drug by personalizing it.
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Module 009:0verview of Course Contentb

Philosophy behind theCourse Outlay
1. Introduce the classical algorithms in bioinformatics
2. Link them to latest developments in the field

3. Evaluate the future applications

ChapterLComtents

Introduction Background of Bioinformatics
Introduce Bioinformatics
Evaluate the need for Bioinformatics
Study applications of Bioinformatics

The frontiers in Bioinformatics

Chopter |contents

Sequence What are types of biological sequences?
Analysis Where do they come from?

How do we store sequences?

How to visualize and plot sequences?

How can sequences be compared/aligned?
Various techniques for sequence alignment
How to handle mutations?

How to score these alighments?

Scoring matrices

Sequence Global and local alignments
Analysis  |ntroduction to BLAST
Introduction to FASTA
Learn about biological databases

Introduce Expasy, Ensemble etc.
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Molecular Molecular evolution and phylogeny

Evolution

Sequence Evolution

Introduction to Unweighted Pair Group
Method with Arithmetic Mean (UPGMA)

Introduction to maximum parsimony

Chapter _lcontents

RNA
Secondary
Structure
Prediction

RNA
Secondary
Structure
Prediction

What are RNAs?

What is their function and structure?
Energy of RNA structures

Types of RNA structures

Representing structures

Experimental determination of structures
Structure prediction

Energy based methods

Zuker’s algorithm

Martinez algorithm

Dynamic programming approaches
Nussinov -Jacobson Algorithm

Web resources for RNA structure
prediction

Sequences and operations such as alignment and comparison will be covered along with
phylogeneticand RNA structure modellindlext up we will delve into protein sequences and
structures!
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Module 010: Overview of Course Conterits

Chapterconterss

Protein From DNA/RNA Sequences to Proteins
Sequences (oding of Amino Acids

Open Reading Frames

Sequencing Proteins

Application of MS in sequencing

Bottom Up Proteomics

Top Down Proteomics

Protein lonization Techniques

MS1 and Intact Protein Mass

Chapter_JConters

Protein Scoring Intact Protein Mass

Sequences protein Fragmentation Techniques
Tandem MS
Measuring Experimental and Theoretical
Fragment's Mass
Peptide Sequence Tags
Scoring Peptide Sequence Tags
In silico Protein Fragmentation

In silico Fragment Comparison and Scoring
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Protein

Protein Sequence Database Search

Sequences Algorithm

Large Scale Proteomics

Proteomics Data File Formats RAW and
MGF

Online Proteomics Tools Mascot, ProSight
PTM

Example Case Study

chaper comenis

Protein
Structures

Properties of Amino Acids
Structural Traits of Amino Acids
Introduction to Protein Folding
Process of Protein Folding
Models of Protein Folding
Protein Structures

Primary, Secondary, Tertiary and
Quaternary Structures

Chapter —comems

Protein
Structures

Introduction to Protein Bond Angles
Ramachandran Plot

Structure Visualization

Experimental Determination of Protein
Structure

Protein Data Bank

Online Resources for Protein Visualization

Introduction to Energy of Protein Structure
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chapter —comtems

Protein
Structures

Calculating Energies of Protein Structures
Structure Determination for Energy
Calculations

Protein Structures - Alpha Helices, Beta
Sheets, Loops, Coils

Protein Domains

Classification Databases

Algorithms for Structure Classification

Protein Structure Comparison

Protein
Structures

Summary

Online Resources for Structure Comparison
Protein Structure Prediction

Predicting Secondary Structures

Introduction to Chou Fasman Algorithm

A Protein sequence and structure topics will be dealt in these modules

A Next set of modules is about the homology modelling and systems biology

topics!
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Module 011: Overview of Course ContentH

Chapter[contents

Homology Introduction to Homology modelling
Modelling Need for Homology Modelling
Seven Steps to Homology Modelling
Algorithm And Examples
Fold Recognition/Threading
Online Tools for Fold Recognition
GOR Algorithm

Chapter | Conterts

Homology 3D-1D Bowie Algorithm

Modelling Machine Learning Approaches to Structure
Prediction
Neural Networks for Structure Prediction
PSIPRED
Introduction to Hidden Markov Models
Ab initio modelling

Chapter _[Contents

Homology Hinds and Levitt Algorithm

Modelling Computational Assessment of Structure
Prediction (CASP)
Online Tools for Homology Modelling
Databases for Structure Modelling
Example of Hepatitis C Virus Modelling
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Chapter_conters

Systems  Putting Proteins into Action inside a Cell
Biology Divergent Spatiotemporal Biological Data
Introduction to systems biology
"Hallmarks of Cancer" as System Level
Properties
Integrative Biomolecular Approach
Introduction to Bio-molecular Networks
Networks as Graphs
Properties & Types of Graphs
Adjacency Descriptors of Graphs

Chapter | Contents

Systems  Topological Descriptors of Graphs

Biology Network Motifs
Types of regulationsin Biological Networks
Dynamic Behaviour of Networks
Constructing Networks from
Experiemental Data
Using Adjacency Function to Define a Co-
Expression Network
Stochastic Representations of Graphs
Protein Interaction Databases

Chapter _lconterts

Systems  Analysis of network dynamics
Biology Iterative Approaches & Parameter
Estimation
Sensitivity Analysis
Multi-scale modelling in biology
Integrating cross scale data
Continuous and discrete variables
Example Models

Pagel6 of 320




Handout Chapter 01: Introduction to Bioinformatics

Conclusion

A These contents will give you an initial exposure to the variety of topics in
bioinformatics

A After covering these topics, you should have a basic conceptual foundation for
further studies into Bioinformatic
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Chap2-&equence Anal ysi s

Module 001.Gene, mRNA and Protein Sequences
T INTRODUTION

We all know that all the living things are composed of cells and here a question arise that how
cells are made? For composition of cell DNA has blueprints for buddilsgalong with the
AYTF2NXYEFGA2Y 2F OSttQa LINPUGSAYZ OFND2KE@RNIGS

YR GNIYyATFSNI 2F (KAA AYyTF2NXYIFGA2Yy FTNRY 5b!
which is

DNA—> RNA— Protein.

Proteins arghan use in constructing the cell.

1 DNA

base pairs

sugar-phosphate 5N
backbone 1 hydrogen
3 bonds
| —
-
-

[
ﬁ (® phosphate [ S nitrogen-

0. containing
(] sugar ET =il bases

Figure0.1 DNA Double helix

DNA molecule is double helix structure conthase pairs composed of nucleotides and these
nucleotides are composed of sugar phosphate group and are bind with each other with
hydrogen bonds.
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Normally all the nucleotides are same in both DNA and RNA except one position in RNA which is
U (Uracil) andni DNA it is T (Thiamin)

DNA sends the information to cell via mRNA and that sequence the amino acids according to
coded information and prain structure is formed and that protein form a cell.

1 CONCLUSION

According to the central dogma DNA codes infation for RNA and RNA makes the Protein
and that protein along with some organelles make cells and its systems.
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Module 002TRANSCRIPTION

All cells are made of carbohydrates and proteins and for these cells DNA codes the information
which makes the RNA and protein both.

|

/| 2 LJe 9 ES Odzi

Ly T2 N)

LYy 2N LYy T2 Nk

Figure0.2 Flow of information from DNA to Proteins

The above mechanism explains the processasfscriptionin very simple way, DNA codes the
information and converted into RNA where mRNA copies the information and it execute the
information in cell and amino acids combine with each other according to coded information of
DNA and protein formation takes place. Which is knowmrasslation.

Molecule of DNA contains only four base pairs (A, T, C, and G) which are repeated thofisands o
GAYS YR ' RSYAYS al! € LI ANBR gAGK /@dz2aAiAyS al
all pairings are with the help of Hydrogen bonding.

{FYS £A1S 5b!X (GKS wb! O2yiGlAya F2dz2NJ ol asS LI
RNA is single stnaled.

DNA just codes the information for protein but RNA helps in making protein.
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Module 003: NUCLEOTIDES
If we talk about the composition of DNA and RNA molecule than these are composed of four
other molecules which are named as Nucleotides.

Thesemolecules are Adenine (A), Cytosine (C), Thymine (T), Uracil (U), and Guanine (G).

DNA molecule although is double stranded and RNA is single stranded but there is difference in

sugar composition.

RNA has Ribose sugar and DNA hasxyeibose sugar:

CH,OH OH CH,OH OH
OH OH OH
Ribose 2-deoxynbose

Figure0.3 Difference between RNA and DNA sugar

RNA DNA

Adenine and Guanine collectively callrdrineswhile Cytosine, Uracil, and Thymine are called
asPyrimidine.

when phosphate, nitrogen base and sugar come together if thgi@k§than molecule is RNA
and if there igH)in sugar than molecule is DNAs figure shows.

|Nitrogenous base'

: 2" _OHinRNA
OH R <
H in DNA

Sugar

Page21 of 320




Handout Chapter 02: Sequence Analysis

1 CONCLUSION

DNA molecule make RNA and RNA make the protein and DNA differ from RNA in nature due
to sugar and nucleotide.
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Module 004: TRANSLATION
Cells are built of proteins and carbohydrates and these proteins are made in results of
transformation of RNA molecubnd this transformation is called as translation.

Translation takes place in ribosome of cell and ribosomes after reading the information of
MRNA collects the amino acids from cell cytagoich is the part of the cytoplasm that is not
held by any of therganelles in the cell.

1 MECHANISM

At ribosome three nucleotides are read at a time from mRNA, this set of three nucleotide is
called as codon and each codon correspond to a specific amino acid.

_Amino Acid 3- s ik
Letiers | tetier | Methionine het A
Alcanine Ala A 5
iifinG 2 & | Phenylalanine Phe F
Asparagine AN K PmlinE PrC' P
Aspartic Acid Az D
Cysteine Cys c SE.rinE Ser 5
Glutamic Slu E
Ak Threonine Thr T
Glutamine (el Q@
Glycine Gly e Tr‘yfpi'l:lphtll'l Trp W
Hiztidine His H -
Izolevcine lle | T‘fl'l:l!ll'l 1= T‘:.I'T T
Leucine Ley L 3
Lysine | Lys K | "Urﬂlll'lE I"ll'll':::ll Ill|III
Second letter
u C A G
uuu ucu UAU UGU U
o uuc}Phe ucce | g UAc}Tyr UGC}CyS c
UUA}Leu UCA UAA Stop UGA Stop A
UUG UCG UAG Stop UGG Trp G
cuu ccu CAU }H. CGU U
§ o CUC| ., cccl,  CAC N (GE6 s B
= CUAEE leeA [ CAA}GI CGA [0 §M -
2 | cua cca cagJP" caG G 3
w
= AUU ACU AAU }A AGU}S U g
A AUC e ACC | =~ AAC S aGe J oS0 B =
AUA ACA [ '™ AAA AGA} B
AUG Met ACG AAG.}'-YS AGG JA9 8
GUU GCU GAU} GGU U
g GUCl,, GcCl, = GAC Asp Gge oy B
GUAESNlGeA[eE GAA} o GGA Y &
GUG GO6 GAG Il ICEE G

Figure0.4 sixty four codons combinations
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1 CONCLUSION

RNA codes for protein and codons of here nucleotide code for specific amino acid on ribosomes
and this process is called as translation.
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Module 005: AMINO ACIDS

RNA decodes thimformation at ribosomes in form of Codons each codon select a specific
amino acid. Because there are 20 different amino acids in nature therefore they fold together
and make a protein structure by polymerizing themselves.

If we observe the structure amino acid it contains nitrogen, hydrogen, oxygen and two
carbon atoms. And a variable group R.

H

R

Figure0.5 structure of amino acid

When polymerizations takes place water is formed and if any compoundhatiawith R group
than structure of protein is changed.

Amino acid (1) Amino acid (2)

N-terminus C-terminus
H

Peptide bond
,.T{ ﬁ Ew o
Water

Dipeptide

These amino acids are joined with each other with peptide bonds and fold with each other in
3D form they make protein structure.
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Module 006 STORAGE OF BIOLOGICAL SEQUENCE INFORMATION

We knowthat sequence of DNA contain A,C,T&G nucleotides and sequence of RNA contains
A,C,U&G while sequence of protein contain A,R,N,D,C,E,Q,G,H,I,L.K,M,F,P,S, T,W,Y&P these ar¢
actually 20 different amino acids in nature which compose a protein.

When both DNA an&NA or mRNA are sequenced in lab their sequences contains larger
number of nucleotides with variety

And when we talk about protein its sequences contain large number of bases as they are
complex in nature.

1 SOLUTIONS DATABASES

CKAA fFNBS ydzYoSNI 2F aSljdzsSyO0S 2NJ ol asSa Olyy
solution lies in public sequence data bases for DNA & RNA the public dataGaseisnk (by
NIH).

For proteins the public databaselmiProt (by Uniprot Consortium)

Both GenBankand UniProtare online database and the DNA, RNA and Protein sequences are
available here online for public and researchers.
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Module 007: USING GENBANK

GenBank is online database where researcher can get access to the sequencesRRNBNA(
proteins.

To find any sequence we go online to NCBI GenBank website which is Public database site.
Which is;

www.ncbi.nlm.nih.gov/genbank

And for example we want to find the sequence for Inmaglobulin which is responsible for
Glycoprotein antibodies in white blood cells plasma and act for immunity.

Nucleotide Nucleotide v |lIgk

Create alert  Advanced Help
species Summary + 20 per page = Sort by Default order « Filters: Manage Filters
Animals (1,929
Bacteria (16 Send to: ~ Results b -
Viruses (1 esults by taxon
Customize ...

See IGK immunoglobulin kappa locus in the Gene database Tc’a Org””'s”“s [Iree]
Molecule igk reference sequences Hsfﬂ::;’;l‘;;:ﬁ;
ypes Oryctolagus cuniculus (274)
genomic Macaca mulatta
DN@‘RNQ‘_U‘H- Items: 1 to 20 of 2014 synthetic construet (61)

MRNA (1,370) All other taxa (154)
Customize ... Page |1 of 101 MNexts Last == More.
Source © Found 2031 nucletide sequences.  Nucleotide (2014) EST (17)

databases Bacillus cereus HuB4-10 genomic scaffold supercont1 1, whole -
INSDC (Gengank 1. genome shotqun sequence Find related data
(1,97

RefSeq (40 3,939,566 bp linear DNA Database:

Customize ... Accession: NZ_JH792135.1 GI: 423537908 Select M
GenBank FASTA Graphics

Sequence

length Bacillus cereus HuB4-10 genomic scaffold superconil.2. whole

Custom range. 2. genome shotgun sequence

Release 31,406 bp linear DNA Search details

date Accession: NZ_JHT792136.1 GI: 423541937 Igk[All Fields]

Custom range. GenBank FASTA Graphics

Page28 of 320



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

ORIGIN

54

@
paxd
(=

661
721
781
841
=le)
961
lez2l

[y

t _region

catattatat
ttccaccteg
gaaatctcat
catagctacc
getectcteg
cgaactgtct
aaccctiggg
ccccgtogat
gttgagcgat
ctcgacttgt
caaccattct
tcaaactgec
tacagtcagg
ctoccgecta
cgggetcttt
agtctctggt
gacaaggaat
agttcagagc

Handout Chapter 02: Sequence Analysis

DDDYIEALEYGMPPTGGLGIGIDRLVMLLTNAPSIRDVLLFPAMRHEQD"

631283..631486

ggttaagtco tcgatctatt
aacctatcaa cctgatcatc
cttgagggeg gottcatget
cagctatgeoo ctiggoagaa
tactaaggac agctcctctc
cacgacgttc tgaacccagc
accgactaca gococcaggat
gtggactctt gggegagata
ggcccttcca tgoggaacca
aggtctcgca gtcaagctcc
gagggaacct ttgggogect
cacctgacac tgtctcccgg
gcggtatcoo accagogoct
tcctgtacaa actgtaccaa
ccgtcctgtc geogggtaacce
tgagacagtg cccaaatcgt
ttcgotacct taggaccgtt
ttcgcttacg ctaaccoctc

agtattcgtc
tttcagggat
tagatgcttt
caactggtac
aaatttccta
tcgogtaccg
gcgatgagoco
agcctgttat
ccggatcact
cttatgecctt
ccgttacact
gtcgataaga
CCAaccgaagc
aattcaatat
tgcatcttca
tacacctttc
atagttacgg
tccttaacct

agctccacat
cttactagct
cagcacttat
accagcgetg
cgoccacgac
ctttaatggg
gacatcgagg
ccoccggggta
aagcccgact
tgcactctac
ttaggagece
cccgtaggtt
tagcgctccg
caggctacag
caggtactat
gtgcggsteg
ccgocgttta
tccagcaccg

gtcaccatge
tacgctatgg
cccttocgea
cgtccatoce
ggatagggac
CEmacagoco
tgccaaacct
gcttttatoc
ttcgtcoctg
gaatgattic
aCCECoCccag
agaatttcaa
gtttcaatgg
taaagctcca
aatttcaccg
gaacttaccc
ctggggcttc
gegcaggtetc

Sequences can be searched from GenBank by typing;

Sequence name
ID

Name

Species

Locus

Author
Journal

O O OO0 O o o o

Accession Number
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Module 008: USING UNIPROT
UniProt is public database which is being used to search the sequence of proteins.

www.Uniprot.org

S
BLAST Align Retrieve/ID mappiny Help  Contact

The mission of UniProt is to provide the scientific community with a comprehensive, high-quality and freely accessible resource of

protein sequence and functional information.
News v

UniRef UniParc Proteomes
Sequence clusters  Sequence archive Farthcoming changes Ney
o - % T @ Planned changes for UniProt
) [ e =
Swiss-Prot (= S
(549 UUB) UniProt release 2015_08
f
" . Pseudo-allergy, real progress |
& Manually Supportlng data Programmatic access to UniProt with
annotated and . o . spargl.uniprot.org | Addition of
ez, Literature citations Taxonomy Subcellular locations human varlants from COSMIC on the
8 u...
TrEMBL . .rI—a. o
(50101 1 :027) Cross-ref. databases Diseases Keywords :
_ UniProt release 2015 07 .
i Ew > P [ER -
Automatically = X¥K
annotated and not =
B Mame arehiva

For example we want to search a sequence of a protein which is Ubiquitin whichgpiay
important role in cytosol for recycling the proteins. We have to go online to the website
www.Uniprot.organd above page will appear.

e =>cen www.uniprot.org

Ubiquitin

BLAST Align Retrieve/ID mapping

The mission of UniProt is to provide the scientific community with a comprehensive, high-quality and freely accessible resource

UniRef UniParc Proteomes
Sequence clusters Sequence archive
(::. e % * (&
Swiss-Prot (550,552)
"3 manually annotated Supporting data
and reviewed.
TrEMBL (60,971,489) Literature‘cilations Taxonomy Subcellular locations
Automatically ! b o
annotated and not g
- Cross-ref. databases Diseases Keywords
reviewed. -
B RXK &

We have to write the name of protein in search box and press entewill get thesearched
results like this one.
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UniProtKB results © avout urierorce. [PRENITEN |

Filter by’ & Dowmoad‘ \IColumns“> | < 1to250f 285,671 P Show |25 v |
5 e e
Ml Reviewed (15,494)

Swiss-Prot 060260 PRKN2_HUMAN E3 ubiquitin-protein PARK2 PRKN Homo sapiens (Human)

ligase parkin

L EMB“L’”FeViQWEd (270,177) [J POCG48 UBC_HUMAN %5 Polyubiquitin-C uBC Homo sapiens (Human) 685
- ir

Popu|ar organ]sms [0 P62979 RS27A_HUMAN ﬁ Ubiquitin-40S ribosomal RPS27A UBAS0,UBCEP1 Homo sapiens (Human) 156
Human (5,428) protein S27...

| P62987 RL40_HUMAN ﬁ Ubiquitin-60S ribosomal UBAS52 UBCEP2 Homo sapiens (Human) 128

Mouse (3,888) protein L40
A. thaliana (2,173) [J POCG47 UBB_HUMAN "i Polyubiquitin-B uUBB Homo sapiens (Human) 229
Rat (1,999)

| P04637 P53_HUMAN ﬁ Cellular tumor antigen TP53 P53 Homo sapiens (Human) 393

Zebrafish (1,554) p53

Other organisms [J Q12933 TRAF2_HUMAN H TNF receptor- TRAF2 TRAP3 Homo sapiens (Human) 501

associated factor 2
I GO\ [J Qoo9s7 MDM2_HUMAN M5  E3 ubiquitin-protein MDM2 Homo sapiens (Human) 491
ligase Mdm2

Search terms (] P63165 SUMO1_HUMAN ﬁ Small ubiquitin-related SUMO1 Homo sapiens (Human) 101

By clicking on any result you cdawnload or Blastthe sequence.

In home page there is a box naméd ¢ A & &wvhi¢hNdhtaids human curated protein
information, molecular mass, observed and predicted modifications etc.

Uniprot can be searched by typing amino acid, Name, ID or sequence.
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Module 009.COMPARING SEQUENCES
There are millions sequences on GenBan#é UniProt what will happen if we will compare
them? By comparing sequences of DNA, RNA and Proteins we can get

U Similarity among sequences
U There might be some specific difference due to some disease or mutation

U There may be some evolutionary relatiofsh

As there nucleotides can be similar or differ from each other

m) U.S. National Library of Medicine NCBI National Center for Biotechnology Information

BLAST® » blastn suite
Align Sequences Nucleotide BLA

__J blastn I blastp | blastx | tblastn | tblastx |

Enter Query Sequence BLASTN programs search nucleotide subjects using a nucl

Enter accession number(s), gi(s), or FASTA sequence(s) & Clear Query subrange ©
From
To
Z
Or, upload file | Choose Firlreij No file chosen ?)
Job Title

Enter a descriptive title for your BLAST search &

¥/ Align two or more sequences &

Enter Subject Sequence

Enter accession number(s), gi(s), or FASTA sequence(s) & Clear Subject subrange &
From
To
Or, upload file | Choose File | No file chosen o

Figure0.6 BLAST is used to compare the nucleotides sequences
While UniProt is used in case of amino acids sequence comparison.

By comparison of nucleotides and Amino acids of any DNA, RNA and protein sequence we can
find many evolutionary facts and relations among species.
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Module 010SIMILARITIES & DIFFERENCES IN SEQUENCES

When we compare the sequences of DNA and RNA wegetathe similarity and differences or
relationship in evolution. And same case is with amino acids of proteins.

In compression not only they have the same number of nucleotides but they have same order
or arrangements.

If some sequence are exactly simarach other it means;

U They might have some regular expression in cell or system.

U Or they indicate some specific presence like signature of any protein or gene.

i Or they might have similar nucleotide just one or two between them are different from
rest.

1 CONCLUSION

If there is exact match in sequences it means their order or arrangement and maximum
numbers of nucleotides match to each other not all of those.

While the genome of each created kind is unique, many animal kinds share some specific types
of genes that are generally similar in DNA sequence. When comparing DNA sequences between
animal taxa, evolutionary scientists often haselect the genes that are commonly shared and
more similar (conserved), while giving less attention to categories ofdelyéence that are
dissimilar. One result of this approach is that comparing the more conserved sequences allows
the scientists to include more animal taxa in their analysis, giving a broader data set so they can
propose a larger evolutionary tree.

Althoughthese types of genes can be easily aligned and compared, the overall approach is
biased towards evolution. It also avoids the majority of genes and sequences that would give a
better understanding of DNA similarity concepts.

http://www.icr.org/article/common-dna-sequencesvidenceevolution/
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Module011: SIMILARITIES & DIFFERENCES IN SEQUENCES
When we compare the sequences of DNA and RNA we can get the similarity and differences or
relationship in evolution. And same case is with amino acids of proteins.

In compression not only they have the same number of nucleotides but they have same order
or arrangements.

If some sequence are exactly similar to each other it means;

U They might have some regular expression in cell or system.

U Or they indicate some speifpresence like signature of any protein or gene.

U Or they might have similar nucleotide just one or two between them are different from
rest.

1 CONCLUSION

If there is exact match in sequences it means their order or arrangement and maximum
numbers of nucleotides match to each other not all of those.

While the genome of each created kind is unique, many animal kinds share some specific types
of genes that a generally similar in DNA sequence. When comparing DNA sequences between
animal taxa, evolutionary scientists often haselect the genes that are commonly shared and
more similar (conserved), while giving less attention to categories of DNA sequenegdhat
dissimilar. One result of this approach is that comparing the more conserved sequences allows
the scientists to include more animal taxa in their analysis, giving a broader data set so they can
propose a larger evolutionary tree.

Although these typesf genes can be easily aligned and compared, the overall approach is
biased towards evolution. It also avoids the majority of genes and sequences that would give a
better understanding of DNA similarity concepts.

http://www.icr.org/article/common-dna-sequencesevidenceevdution/
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Module012: PAIR WISE ALIGNMENT

In pair wise alignment of nucleotides the nucleotides comes in pairs and matching are colored
GKAES YAadaAy3d FYAy2 | OARa IINB AYRAOFGSR 6Ad
And these Gaps are inged for deletion or insertion of any nucleotide. Increase in Gaps can

increase the chance of plenty in sequencing and less number of Gaps can increase the similarity
rate of sequences.

There are two types of pair alignments.

1. Global
2. Local

In Global ways of sequence pair alignment we introduce the Gaps in all sequence to know over
all matching. While in Local type of sequence pair alignment we find those regions where
nucleotides are maximum matching with each other it is used to find théasity or some

nutation.

Most important the Gaps are introduced so that we may add the missing nucleotides.

Pairwise Sequence Alignmen used to identify regions of similarity that may indicate
functional, structural and/or evolutionary relationshipstween two biological sequences
(protein or nucleic acid).

http://www.ebi.ac.uk/Tools/psa/
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Module013: PAIR WISE SEQUENCE ALIGNMMENT
Pair wise alignment helps us to find the similarity and differertbere are three ways
according to which sequences can differ from each other.

Which are

U Substitutions ACGA- AGGA
U Insertions ACGA AGKGA
U Deletions ACGA- AGA

By applying all above ways to any sequence the matching and mismatching can be increased or
decreased between to different comparing sequencing.

Both local and Global ways of alignments give us different results.

But among above Substitution increasesmatch of sequence.
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Module014:DOT PLOTS
To visualize the sequence alignment we have a method called Dot Plots in this method the
sequence is written top and left side of dot matrix grid.

Where one nucleotide or amino acid match with each other the dot is placed in grid
position in each row for one time.

A ]

C L ®

A ]

c L ®

G ] ®

Similar dots are match with diagonal pattern and which remain separate differ from
similar sequence
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Figure0.7 dot plot diagonal pattern

Dots on diagonal repeats the alignments and separate one give difference to the sequence.
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Module015: EXEMPLE OF DOT PLOTS

In dot plot the matching nucleotides are connected in diagonal way and represent the
sequence alignments.

When we compare thbuman Cytochromend Tuna Fish Cytochromigan the diagonal
alignment of sequence we find is in this below diagram.
Tuna Fish Cytochrome C

Human Cytochrome C

Figure0.8 tuna fish vs Human

1 BENEFITS

Dot plots provides us the Global similarity between the two sequences and helps us to visualize
the alignments of sequences and sequence repeats appedagsrthl stacks in plot.

' CONCLUSION

Dot plot help us to find the threshold difference among two sequences.
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Module016: IDENTY VS SIMILARITY
When we talk about the comparison of two sequences than question arise that how we can
compare the biologicaequences and after comparison what will be the degree of comparison.

There are two concepts for sequence analysis

1. ldentity
2. Similarity

Identity means the counting number of nucleotides or amino acids which exactly match when
two biological sequences amatched.

For example:

Mw /1 ¢D/ ¢¢
HY [ 1 ¢D/

Number of match =5

Smaller length =5
Sequence (1) =7
Sequence (2) =5

Formula for Identity:

Identity = No. of Matches / smaller length x 100

—— pmNTMmPpTTP

And Similarity means the comparison between two different sequences calculated by
alignment approach.

In both identity and similarity the dots are not counted.
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Module017: INTRODUCTION TO ALIGNMENT APPROACHES

When we align the sequence that may be vary due to insertion and deletion of nucleotides and to
calculate the similarity we need to align the sequence first. And there are two different approaches to
align the sequence.

1. Global Alignment
2. Local Alignment

In Local alignmentve compare one whole sequence with the one portion of other like this.

5' ACTACTAGATTACTTACGGATCAGATACTTTAGAGGCTTGCAACCA 3

LR PEREEE PEEEEETEEETETL

5" TACTCACGGATGAGGTACTTTAGAGGC 3

Figure0.9 local alignment

While inGlobalalignmentwe compare both sequence from end to end completely.

5 ACTACTAGATTACTTACGOATCAGETACTTTAGAGGCTTGCAACCA 3

LEEEELTEEEE FEREeer R e e e e e e FEreer
5" ACTACTAGATT- - - -ACGGATC - -GTACTTTAGAGGCTAGCAACCA 3

Figure0.10 Global alignment

Local alignment just focus on highly matching portions of sequence while in Global one whole sequence
is compared with other one.
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Module 018 WHY LOCAL ALIGNMENT
When there is Global alignment which compare the whole sequence from end to end than why local

alignment is done question arise.

Because Local alignment have power to detect the smaller regions with high similarity and such matches
are motifs or domains hich remain hidden in case of protein function.

1 DOMAIN SHUFFLING

Aligned portions of sequence can be considered in varying orders and this process is called as domain
shuffling.

1 ADVENTAGES

U We can compare the different length sequences
U Conserved domins can be determined from proteins
U Common function features can be identified.

1 CONCLUSION

Local alignment is used to compare the segments for high matching sequencing.
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Module019: ALIGNING, INSERTION & DELETION
Insertion means addition of amino acids in protein sequence and addition of nucleotides in DNA

sequences.

And deletion means removal of amino acids from protein sequence and removal of nucleotides
from DNA or RNA sequences.

1 ALIGNING INSERTION

For example we have following two sequences

MY ! / MY !¢ D [ | /

HY ! / HY D /! /

To add the nucleotide in sequence 2 we will add gap first. And sappeha with the deletion
alignment we add gap where we delete the nucleotide from sequence. And such insertion of

gap is called asve or plenty.

mY !¢ D [ |

HY & D [ !
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Module020: ALIGNING MUTATIONIEQUENCES

Removal and addition of amino acids in proteins and nucleotides in DNA, RNA by using Gaps
named as Indels.

Mutation is totally different from Indels, because in Mutation we replace the amino acid with
other amino acids and replace the nucle@id A GK 20KSNJ YR 6S R2YyQl
template or target for mutation.

MY ! /

MY !¢ D [ |

HY DD [ |

1 CONCLUSION

In identity alignment we use Gaps and in mutation we use substitution penalties and penalties
depend upon the substitution.
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Module021: INTRODUCTION TO DYNAMIC PROGRAMMING

To find matching in nucleotides and amino acids of two sequences we use datgilobd. But
dot plot cannot capture the insertions, deletions and gaps in the sequences.

To deal with this situation we modify the dot plot.

We represent the matching nucleotides with +1 while gaps, substitutions, insertions and
mutations can be represéed as-1 in dot plot.

Dynamigprogrammingis an algorithmic technique used commonly in sequence analysis.
Dynamic programming is used when recursion could be used but would be inefficient because it
would repeatedly solve the same sub problems.

http://www.ibm.com/developerworks/library/fseqalign/
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Module022: DYNAMIC PROGRAMMING ESSENTIALS

When we talk about the compression of two sequences one by one it need time and is
O2YLdzi I GA2ylffte SELSyaAdS YSiK2ZRd ¢KIFiQa 6K

In algorithm we calculate the step involve in sequence compression for example if we if we
compare two sequences of lengthytéan it would bed §&

And its order i© (rf)

A 1 -1 -1 -1 -1
cl« 1+ 244
- . 3 s -1 ; 3 .
& -1 1 -1 1 -1
C -1 -1 1 -1 1

Figure0.11-1 represent deletion, insertion and gaps while +1 represent matching nucleotides or amino acids

One by one sequence compression is costly and time consuming process we minimize the cost
with the help of algorithm.
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Module 023DYNAMIC PROGRAMMMETHODOLOGY
Dynamic programming helps us to reduce the computational cost in sequence comparisons and

Al g2NJa 2y GKS YSGK2R 2F Ga02NRyYy3I FdzyOlA2yE

For example

Match = +a

Mismatch =-b

Gap <

Score = #match + #Mismatch +#Gaps

al KOwS gl NRan r
arhayYliOK Laylrtde T

¢ ¢ DD ¢ D
¢ [ B/ ¢ D
M 11 -Ml AP -H M N M /1
Total =11

All the alignments are done in diagonal way in dot plot matrix. For total score we make
calculations in diagonal way and after calculation best one is selected.
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Module 024 NEEDLEMAN WUNSCH ALGORITHM
In two different sequences alignments are arrangea diagonal pattern of dot matrix. Total
scores are captured for each alignment and at the end the best one is selected.

Needleman WunschAlgorithm is the way for alignment. The method is same like dot plot but it
computes the scores in different way. V8éart with a zero in the second row, second column.
Move through the cells row by rowalculating the score for each cell.

The score isalculated as the best possible score (i.e. highest) from existing scores to the left,
top or top-left (diagonal). When a score is calculated from the top, or from the left this
represents an indel in our alignment. When we calculate scores from the dibtios

represents the alignment of the two letters the resulting cell matches to. Given there is no 'top'
or 'top-left' cells for the second row we can only add from the existing cell to the left. Hence we
add-1 for each shift to the right as this repesgs an indel from the previous score. This results
in the first row being 0;1, -2, -3, -4, -5, -6, and-7. The same applies to the second column as

we only have existing scores above. Thus we have:

https://en.wikipedia.org/wiki/Needleman%E2%80%93Wunsch algorithm

Needleman-Wunsch
match =1 mismatch = -1 gap =-1

G c A T G c u

o, 1 =2 3 -4 5 6 7 i
&N 0 |-1|2|3|4|-5|-6]|-7
G | 4 fNt4+0d1+2+3¢4+S5 1T T T T T 11
e~ G -1
A 2 0 0o 10 1 2 3 [
S A|-2
T 3 1 1 0 21 0 1 [ | |
SR [k 5 |
T 4 2 2 1 1 1 0 1
g T-4.
A 5 3 3 1 0 0‘;\.0 1 A.-5.
c 6 -4 2 2 - 1 10 cl 6
A 7 5 3 1 -2 2 0 0 A

Figure 1INeedlemarAWunsch pairwise sequence alignment
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Sequence 2:
Length ‘n’

Sequence 1:

Length ‘m’

Handout Chapter 02: Sequence Analysis

C(0,0)

C(i-1,j-1)

C(Gi-1,))

C(i,j-1)

~ C(i.i)

C(n,m)

Figure 12 Needleman wunsch algorithm way of computation of nucleotides
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Module 025 NEEDLEMAN WUNSCH ALGORITHM
Alignments are represented by unbroken diagonal dot matrix plot. In this way we can create
numerous combinations.

A C G C G

i N e —
;/”Tﬂ><Ac...ACG

————
i
CGICG A
ACG o
™ ACG(CG
é ? ACA CG
: : /

Figurel3 various combinations of sequences through dot plot

If the sequence is too long thehdre will be many diagonal alignments and at the end we
select the best alignment by combinations of all. And for this we use Needleman Algorithm

In Needleman Algorithm we use 0, 0 in first row and first column.

Initial Conditions: C(i,0)=—i-y CO,)=-j-v
Index:j=0:m

A C G C
o ~V =2y-3y—4y
Al-7 2

cl-2y
A3y
cl-47

Index:
i=0:n

Figurel4initial column and row are kept zero (0)

Left to right and top to bottom the best element (having high score) is selected.
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Index: j=0:m

A C G C
o —V —2}/—3;/—4}/1

’ —2}/ ) C(i—1,4—1)+w(§lT.)
_—_ C(':J) — max C(I . 1’ J) —y

B _3)/ CGi,j-1)-v

¢ -4

Index:
i=0:n

Figurel5 maximunscore element is selected from all three sides comparison

The terms for match, mismatch are:

a! ELIKEF T al 6OK NBFI NR
p. S0l I aAiayYlIiOK LISylfae
yDFYYlF T DFLI LISyl fGe

The matrix is computed progressively until the bottom right element

Pageb1 of 320




Module 026 NEEDLEMAN WUNSCH ALGORITHM

We follow the diagonal route for scoring in Needleman Wuncsh Algorithm. Left to right and top

to bottom in diagonal way we select the highest score.

Index: j=0:m

Handout Chapter 02: Sequence Analysis

JaY & G

o2 |2 |2
ndes G2V P |7 |

i=0:n

Figurelé6 fillingorder of sequence alignment

We select the best score to make best alignment and matrcomputed progressively until we
reach to the bottom right.
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Module 027 NEEDLEMAN WUNSCH ALGORITHM EXAMPLE
Top left and diagonal element are considered to calculate an element in the matrix. Match,

mismatch and gap penalty is computed from allréhsides (Left to right) (Top to bottom) and
(Diagonal).

For example:

+10 for match, -2 for mismatch, -5 for space

A & I cC G C A G C
0 |=8 |=10 =15 =20 =25 |=30|=35[—40
-5 110 5
=10
-15

=20
=25
-30
=39

A > 0 94 49 » 0O >

Figurel7 score computation from all sides
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A e *F €C G € A G €
Al 0 | -5(-10|-15(-20(-25(-30|-35|-40
cl-9(10 35| 0]|-5]|-10]|-15|-20(-25
Al-101 5| 8|3 |-2|-7|0]|-5]|-10
T|-15| 0 |15]|10| & | 0 (-5 |-2 | -7
T|-20| -5|10|13| 8 | 3 |-2|-7| -4
c|-25|-10| 5 2015|118 13| 8 | 3
Al-30(-15| 0 | 15|18 |13 |28 |23 | 18
C|-35|-20( -5 |10 13|28 |23 |26 | 33

+10 for match, -2 for mismatch, -5 for space

Figurel8 thebest score is computed in diagonal way

DNA, RNA and Protein sequences can be computed by using Needleman algorithm.
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Module 028 BACKTRACKING ALIGNMENTS
To find an optimal alignment in Needleman Wunsch Algorithm we use traceback method.

A c T C G C A G 'C

0| -5|-10(-15|-20|-25(-30|-35 | -40
510 5|0 |-5|-10]-15]-20|-25
10| 583 |-2|-7]0]|-5]-10
15| 0 M5+10/.5 | 0 | -5 | -2 | -7
5 [ 10'M3+8,[ 3 | 2| -7 |4
-25/-10| 5 |20 |15]M8| 13| 8 | 3
30(-15| 0 | 15 | 18 | 13 N284-23_| 18
-35(-20| -5 | 10 | 13 | 28 | 23 262‘33\

+10 for match, -2 for mismatch, -5 for space

QO »> 0O =3 43 »> 0O >
I
N
o

Figurel9 tracebacknethod starts from end maximum score.

After completely matrix calculations we apply tracebsxkind the optimal alignment and
traceback starts from bottom right (maximum score) to top side.

Pageb5 of 320




Handout Chapter 02: Sequence Analysis

Module 029 REVISITING LOCAL AND GLOBAL ALIGNMENTS
We use Needleman Algorithm to align the sequences in scoring way and tracebtmid to
find the optimal alignment.

In Needleman Algorithm we start traceback from bottom right towards top left progressively
and this provides us the global alignment.

A c T C G C A G C

0 | -5[-10[-15|-20|-25|-30|-35]-40
5[10| 50 |-5|-10/-15/-20|-25
10| 5 (8|3 |2|-7|0]|-5(-10
15| 0 M5«10|.5 | 0 | 5|2 | -7
5 | 10'M38,| 3 |2 |-7|-4
25(-10| 5 |20 |15 M8 13| 8 | 3
30-15] 0 | 15| 18 | 13 N28423 | 18
35|-20| -5 |10 | 13 |28 | 23 26?\33\

+10 for match, -2 for mismatch, -5 for space—

M >0 = =13 B 0O »
I
N
o

Figure20 Traceback in Needleman Algorithm

We can start traceback from any pbin matrix and smith waterman algorithm helps elicit the
local alignments.
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Module 030 OVERLAP MATCHES

Dot plot and Needleman wucsch are algorithm method with little difference. Dot plot help us in
finding matching residues of two sequences while dlemman wunsch helps us to find the

global alignments.

If some sequences have different regions of nucleotides which does not match to any other for
that alignment we prefer Global alignment not local, but that does not penalize leading or
trailing end.

y y

Figure21leadingand trailing edge mismatches versus globiginment by gagnsertion (stretching) of sequences

YR G¢NF O3S0l O1é Ad G(KS GSOKYyAldzS 08 6KAOK ¢

YFGNRE 0602E® | yR KIOIKA adzaNd OB oF O GKS 2 3SNI | I

P8 c T C G C A G C

0| -5|-10|-15|-20|-25|-30|-35 | -40
50| 5| 0 | -5|-10|-15|-20|-25
10| 5|83 |-2/-7/0|-5|-10

0 M5+10(.5 | 0 |-5|-2|-7
5 (10°M348. | 3 |-2|-7| 4
-25|-10| 5 |20 |15 ™8| 13| 8 | 3
-30(-15| 0 | 15| 18 | 13 P284-23 | 18
-35/-20| -5 | 10| 13|28 | 23 26&‘33

+10 for match, -2 for mismatch, -5 for space—

0 »> 0 34 4 p» 0 >
1
N
o

Figure 22 Traceback method
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Module 031 EXAMPLE

A slight variation in traceback can helps us to find the overlaps in sequences and can apply
some interesting strategies in sequences aligntaen

In following example of amino acids alignment we can understand the ways of tracback.

H E A G A W G H E E

0 0 0 0 0 0 0 0 0 0 0
AN AN * “ *~ AN JaN “ “ *~
Pl o -2 -1 -1 -2 -1 -4 ) -2 -1 -1
“ “~ “ N - AN *~ “ “~ “~
Al o -2 -2 4 -1 3 -4 4 -4 -3 )
“~ AN LN JaN ~ AN
Wl o -3 -5 -4 1 4 18« 10« 2« 6 -6
JaN N AN LN “
H| o 10« 2« 6 -6 -1 10 16 20« 12« 4
AN AN + LN N AN
E 0 2 16« 8 «— 0 7 2 8 16 26 18
“ r JaN AN 4 r N
Al o ) 8 21 « 13 5« 3 2 8 18 25
JaN AN LN AN “ “~ [N
E| o 0 4 13 18 12+« 4 « 4 2 14 24
Figure23 Traceback in amino acid sequence alignment
Scoring stagey is:
al GUOK I' bHmZa Da
Sequences are:
GAWGHEE
PAW-HEA
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Module 032 MOVING FROM GLOBAYLLOCAL ALIGNMENT

5b! KIFId O2RAY3 YR y2yO2RAYy3 NBIA2YaD [/ 2RAY
and they remain more conserved due to their role in making functional proteins.

YR y2yO2RAYy3 NBIA2Yya 2F 5bmordlikelyin@lveiinSR | &
mutations than coding ones. It means high degree of alignment can be find among two exons.

In local alignment we use small segments of sequences and through which we can find exons.

¢CKNRdzZAK GKAAa ¢S OlYy FAYR GFdzyOlA2y Il f &dzodzy Al

However, the ternexonis often misused to refer only to coding sequences for the final protein.
This is incorrect, since many noncoding exons are known in human genes.

(Zhang 1998)

Zhang, M. Q. (1998). "Statistical faets of human exons and their flanking regiort$uman
molecular genetic3(5): 919932.
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Module 033 SMITH WATERMAN ALGORITHM
In global alignment we compare the sequence from end to end but in local alignment we

compare the sequences in segments.

For Global sequences we use Needleman and Wunsch algorithm while for local pairwise
alignment we use Smith and waterman.

Sequence A
Sequence B l \ \ ‘
Global alignment Local alignment
Alignment on full length Alignment of sub-regions

GACCACCTT

I | S| Il l GATCAC-TT
G R =THER C .Y C BTG o

GGCTGEGACCACGC =TT

Figure 24 Global and local sequence alignment comparison.

The Smith Freshman algorithm is different from Needle man.

0 Toprow and Colum are set to zero.
U Alignment can end anywhere.
U Traceback starts from highest score.

Local alignments can identify the coding portions of DNA and in this way we can find the
functional domains from protein sequences.
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Module 034 EXAMPLE G3MITH WATERMAN ALGORITHM
¢tKS 2yfé& RAFFSNBYOS 060SiG6SSYy bSSRESYlyYy FyR
relationship.

&Cli- 1 j - 1] +scordj, j)

ca_Cli-1j]-g
C[hj]_max%C[i,j- 1]_ g
to

And in the matrix we place top line of zero and first Coldrnavo.

. € T € @& € A& G ¢
0/,0|]0j0|0|0C]|0]|O

0 » 0 49 4 » 0 =
OO0 0|I00|0|O0

+1 for a match, -1 for a mismatch, -5 for a space

Figure25top line and first Colum are filled with zero in Smith Freshman Algorithm

[20Ff FEAIYyYSyia Oy 068 SEGNI OGSR o0& &dlh NIA
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Module 035 REPEATED ALIGNMENTS

We can find the best local alignments by using SMitlterman algorithm.

By making some change in strategy of traceback we can find the repeated sequences.

2SS dzaS GKNBAK2fR a¢é¢ &a02NB F2N YFIOKAYy3 FyR

tracebackcan help us to find multiple aligned regions in multiple ways.

Standard Smith Waterman Algorithm

A cC T C & € A G C
\lojo|lo|o|0OJO|O|O]|O
dof1|lo|1]|0[1/0]|0]1
Aofo|lo[o|lo|o(f2)0]0
fojoj1/0]|0|0[0|1]0O
0|01, /0|00 [0]|0]|O
dof1|of2))o[f1Joo]1
Alo|o|0|01 50 (2))0]0
ddo|1][0]1 o( 2 )0 11

+1 for a match, 1foram|sm , -0 for a space

Figure27 (-5) is threshold score in table

This threshold scoring method with some modifications in waterman algorithm can help us to

find many matching sequence of amino aadONA.
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Module 036 EXAMPLES OF REPEATED ALIGNMENTS

Slight modification in waterman model can help us to find the Exons as well as the functional
units in any sequence. Matches should be end at the threshold score or we should keep track of
maximum score in sequence.

H E A G A W G H E E
0 0 0 0 1 1 1 1 1 3 9 «9
+
P 0 0 0 1 1 1 1 1 3 9
“~ -
A 0 0 5 1 6 1 1 1 3 9
-
Wil o 0 0 0 2 1 21 13+ 5 3 9
LN LN L
H| o 10« 2 0 1 ] 13 19 23« 15 9
LN . LN -

E| o 2 16« 8 1 1 5 11 19 29 21
r R - “ . LN

Al o 0 8 21 « 13 6 1 5 11 21 28
o ¥ r N “~ "\ ~

E| o 0 6 13 18 12« 4 1 5 17 27

Match = +2. Mismatch=-1, Gap=-2,T=1

HEAGAWGHEE
HEA .AW-HE.

Figure28 Trackback from different sides to find maximum or Threshold (T) Score.

Traceback should start from last element of the row and should reach at the top of row
element and then move to the highest score of the Column. And this traceback is done twice
ande/ R i GKS LR2AYy(dl pKSNBE a02NB 0S02YS an
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Module 037 INTRODUCTION TO SCORING ALIGNMENTS
There are two types of alignments;

U Optimal Alignments
U Best Alignment

Scoring scheme used in sequences matches play crucial role in producing optimal alignment. An
optimal alignment should be:

U Appropriately rewarded for matches and mismatches.

1 INTRODUCTION

We identify the pairs of symbol which most frequently appear in a sequences it helps us to find
the substitution of specific pair of amino acid or nucleotide withes on in a sequence.

For example AA nucleotide have a specific pattern of substitution. And same pairs of amino
acids does in protein sequences because it can help to preserve the function of protein.

17 CONCLUSION

Statically we can better align any sece of protein or DNA, optimal gaps, penalties,
insertions and deletions can be computed statically better.
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Module 038 MEASURING ALIGNMENTS SCORES
Score of match and mismatch both are equally observed while sequence alignments.

For example:

A 8 i C G C A G C
0| -5[-10[-15[-20]-25[-30-35|-40
50| 5| 0 |-5|-10]-15]/-20|-25
10| 5]8|3|-2|-7|0]-5]-10
15| 0 M5+10[.5 | 0 |5 |-2|-7
10 M3+8,| 3 |2 -7 | 4
25(-10| 5 [20[15M8 13| 8 | 3
-30(-15| 0 | 15|18 | 13 P28423 | 18
-35(-20| -5 | 10 | 13 | 28 | 23 | 26(]*33

+10 for match, -2 for mismatch, -5 for space

O P> 0O 4394 39 B> 0O >
1
N
(@)
|
O

Figure 29 Needleman wunsch algorithm match, mismatch scoring

The matrix has positive and negative scores both, matches and mismatches therefore are all
O2YyaARSNBR 06S0ldzaS AdQa F RAFA2ylf LI GASNYy
If we build such scoring matrixes with matchesl amismatches we can we can sequence in
according to real life.
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Module 039 SCORING MATRICES
Alignments are used to align the biological sequences. Amino acids and nucleotides are more
easily substituted because they have similar chemical nature.

Asl YAY2 | OAR& IINB &ddz0aldAddziSR 6A0GK Yl ye LINRBO
we useScoring Matricegontain such flexible scoring during alignment.

To build the Scoring Matrices we analyze the amino acids and nucleotides which areusedbstit
in single gene and protein sequence.

Scoring Matrices have both values +ve gmd. Positive value for matches and negative value
for mismatches.

Human | ALELLJIQGASIPNVQDTSGTSIPVH
Chimp | ALELLIIQGAISPNVQDTSGTISIPVH
Orangutan | ALELLJIQGAISIPNVQDTSGTISIPVH
Macaque | ALELLJIQGAISIPNVQDTSGTISIPVH
Mouse VALELLBQGAISPNVQDASGTISIPVH
GuineaPig VAQEL LJIQGAISIPNVQDASGTISIPLH
Dog | ALELLJMIQGAISPNVQDATGTTIPAH
Horse | ALELLIIQGA| PNI QDASGTITIPAH
Cow | ALELLEIQGAISPNVQDASGTITIPAH
Opossum | ALELLEIQGAISPNVQDGSGTISIPAH
Platypus | ALELLJIQGA| PNVQDATGTTIPVH
Froq VASELLHMQGAISPNI QDAYGTITIPAH
Stickleback | AGLLLIEIKGA| PNVQDNHGI| PVH
Fugu | ASLLLIEIKGA PNVQDKHGI! | [PVH
Tetraodon lASLLUqKGA PNVQDKHGI| PVH
Medaka | ASLLLIEKGA  ANVQDKHGI | IPVH

Figure0.12 Ubiquitin Protein where amino acids nsatng

Different type of scoring matrices can be developed based on underlying strategy.

Page66 of 320

(@]



Handout Chapter 02: Sequence Analysis

Module 040 DERIVING SCORING MATRICES
Each amino acid have different property.

Amino Acids

Hydroxylic A alanine (ala)

i R arginine (arg)
N asparagine (asn)
D aspartic acid (asp)

D ! C cysteine (cys)
Q glutamine {gln)
] % E glutamic acid (glu)
-] Acidic G glycine (gly)
4 H histidine (his)

lisoleucine {ile)
—— \ L leucine (leu)
K lysine (lys)

/ M metioneine (met)
F phenyalanine (phe|
-_Positive P proline (pro)
. (Basic) S serine (ser)
Ty L Polar Twmon::e (:hr})

. ophan {lrp
G Y tyrosine (tyr)

Hydrophobic

Figure0.13 properties of amino acid$nfage Esquivel et al. (2013)

And each amino acid have different frequency.

Table 7.1 The average anuno acid frequencies reported by Robinson and Robinson 1 [173].

Anmuno acid Freqencyl Amino acid Freqency'Amino acid Freqency'Amino acid Fregency

Ala 0.078 Gln 0.043 Leu 0.090 Ser 0.071
Arg 0.051 Gl 0.063 Lys 0.057 Thr 0.058
Asn 0.045 Gly 0.074 Met 0.022 Tp 0.013
Asp 0.054 His 0.022 Phe 0.039 Tyr 0.032
Cys 0.019 Ile 0.051 Pro 0.052 Val 0.064

When we compare the sequences they match and mismatch according to their frequency.

For example.
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aligned pairs observed frequencies fi;

B A DB A

A A C A A to A
Lacc g A
A A B A I3t:1B
A A B C Bto C
A A B B Cto C

28/60
8 /60
6/60
6/60
10/60
2/60

amino acids observed frequencies f;

A 14/24
B 6,/24
C 1/24

Based on frequencies we match and mismatch the sequence alignments for scoring.
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Module 041 PAM MATRICES
Alignment matrices scoring is very useful method to score the sequences alignment for match
and mismatch.

There are two types of scoring matrices.

u PAM
U BLOSUM

tla YSFya aGt2Ayid ! OOSLIWISR adzil A2y ¢

Point accepted mutations means the substitution of one amino acid in a sequence with another
that protein function remain conserved.

1 PAM UNIT

PAM unit is actually that time during which 1% amino acidergo for acceptable mutation. If
two sequences diverge by 100 PAM units, it does not mean that they will be at totally different
positions.

1 STEP TOCOMPUTE PAM MATRICES

1. Align the protein sequence which are®AM Unit diverge.
2. Let Ai,i be the number ofrhes Ai is substituted by Ai.

3. Compute the frequency fi of amino acid Ai.

Ajj

YA

LEkAjk

Then, PAM1=pii=
tla WyQF 6t! amo
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Module 042BLOSUM MATRICES
BLOSUM matrices can be used to align the protein sequences. BLOSUM matrices was first
purposed in 1992 bidenikoff et al.

BLOSUM matrices is also called the Block substitution matrix without any gap although it has
mismatches in sequences.

WWYIRCASILRKIYIYGPVGVSRLRT
WHYVRCASILRHLYHRSPAGVGSITK
WFYTRAASTARHLYLRGGAGVGSMTK
WWYVRAAALLRRVYIDGPVGVNSLRT

Figure0.14 sequence of amino acids which have mismatch but no gap.

There are three steps to compute the BLOUSM Matrices.
Step 1:Eliminate sequences that are identical in x% positions

Step 2:Compute observed frequency fof aligned pair Ao A. Hence, f; becomes the
probability of aligning Aand Ain the selected blocks.

Step 3:Compute fwhich is the frequency of observingiAthe entire block

AR ) i 1=
Sij = |ilg.-,—. j}” — . ! .
' ~ Pij ' 2fifj 1 #J.

Figure0.15formula for computation of BLOSUM MATRICES.

Typically used matrices: BLOSUM6PAM120n PAMX, larger x detects more divergent
sequences
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Module 043MULTIPLE SEQUENCE ALIGNMENT
In pair wise sequence alignments we use pairs of sequence to compare them. And scoring

matrices were used to score the sequence ranks.

In Multiple sequence Alignments we compare multiple number of protein and DNA sequences
to identify the matches and mismatches.

a v = Y [ C ¢ t
a vYzxzL C ¢ -1t D

a v =z=-tl [[ I-¢5DY Y{
a v ==-tI [[ IC5 Y

Figure0.16 multiple sequence alignment

For pair wise alignment we use Dynamic programming but for multiple alignitneould be
very expensive computationally. So solution for this is progressive alignment.
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Module 044 MORE ON MULTIPLE SEQUENCE ALIGNMENT
MSA helps compare several sequences by aligning .t can extract consensus sequences
from several alignedequencesCharacterize protein families based on homologous regions

APPLICATION OF MSA

U Predict secondary and tertiary structures of new protein sequences

U 9@Ffdzl §S S@2tdziAz2yl NBE 2NRSNJ 2F &LISOA

METHODOLOGY

U Pairwise alignment is the aligrant of two sequences

U MSA can be performed by repeated application of pairwise alignment

Find and list all .
Compare all sequence in
sequences to be —_—

a pairwise manner
compared

!

Perform clustering of

Create a hierarchy using

< - A
binary trees pairwise aligned
sequences
Alignment of two best Process is repeated for
aligned sequences is  |j———p next pair of best aligned
created sequences

Figure0.17 Methodology
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- -

;:3 Align most similar pair
\}aps to optimise alignment

b Align next most similar pair

I

_g Align alignments - preserve gaps

New gap to optimise alisnment of {(BD) with (AC)

Figure0.18 sequence alignments

CONCLUSION

MSA can help align multiple sequencBsogressive alignment can help perform MSA. Need to
remove sequences with >80% similarity

This website uses cookies. By continuing to browse this site, you are agreeing to the use of our site cookies. To find out more, see gy

EMBL-EBI Services  Research | Training  About us |

Clustal Omega

Input form Web services | Help & Documentation =, Share i- Feedback

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 techniques to generate alignments between three or more sequences.
For the alignment of two sequences please instead use our pairwise sequence alignment tools.

STEP 1 - Enter your input sequences

Enter or paste a set of | PROTEIN ¥ | sequences in any supported format:

Or, upload a file: | Choose File | No file chosen

STEP 2 - Set your parameters
QUTPUT FORMAT | Clustal w'o numbers ¥
The default seftings will fulfill the needs of most users and, for that reason, are not visible.

(Click here, if you want fo view or change the default settings.) -
Figure0.19 CLUSTA¢ Online tool

http://www.ebi.ac.uk/Tools/msa/clustalo/
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Module045 PROGRESSIVE ALIGNMENT FOR MSA
MSA involves progressive alignment of sequenbPeéng so many progressive alignments can
be slow

STEPS:
U Step 1: Pairwise Alignment of all sequences
Example: $S, S, § sothat is 6 pairwise comparisons.

U Step 2: Construct a Guide Tree (Dendogram) usbigtance Matrix

S, _ Matches
Distance =1 — -
s, Comparisons
]
‘ o Matches
s, Similarity = -
Comparisons

U Step 3: Progressive alignment following branching order in tree

'I?'I vﬂ v3 v‘!
cimilarity — Matches V| —
imilarity = Comparisons | 17 -
vy| .87 .28 -
v,| .59 .33 .62 -

Figure0.20 Similarity Matrix

1 SHORTCOMING OF THIS APPROACH
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U If sequences are dissimilar, errors in alignment are propagated

U Solution: Begin by using an initial alignment, and refine it repeatedly

Progressive alignments aosed in aligning multiple sequencéterative approaches can help

refine results from progressive alignments
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MSA involves progressive alignment of sequenbPeéng so many progressive alignments can

be slow

For example:

distance between 2 sequences = 1-

No. identical residues

No. aligned residues
m

5 1 = ; o
P B B~ B B
2 2 & § £ & %
Hbb human 1 |-
Hbb horse 2 |.17 -
Hba human 3 |.59 .60 -
Hba_horse 4 ].59 .59 .13 -
Myg phyca 5 1|.77 .77 .75 .75 -
Glb5 petma 6 |.81 .82 .73 .74 80 -
lgb2 lupla 7|87 .86 86 .88 .93 90 -

Figure0.21 MSA on globin sequences

Thompson et al, IGBMC
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Hba_human

1 [|—
Hba_horse —
Hbb_horse — 13
Hbb_human 4 |
Glb5_petma 5

Myg_phyca — 6
Lgb2_lupla

Thompson et al, IGBMC

Figure0.22 Progressive alignment using sequential branching

226 2:81 Hbb human

061 084 Hbb horse

3 055

o1s 219 1 Hba human

4 9> Hba_horse

062 - 398 V]

5 Myg_phyca
—16 389 Glb5 petma

442 Lgb2 lupla

Thompson et al, IGBMC

Figure0.23 Progressive alignment following a guide tree
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. = - ALE [ i = P . hhal - = 4 . [
HEE HUHAN —=———-WHLTFEEESANTALNG - EWGGE leLWﬂﬁgi‘l‘; SFGD LSTPDI‘JHG&'FWFW&?LWMM (i)

I‘LBIB:H.CI_EEI . EERAAVLALNT EEVGGEALGRLLVY FF ISP GD LSNP GAVEGH P EVEAHGEEV L HS FGEGVHHAL LN
HEL_HUHAN —doce—as VLA ADETHVERANG GEYCAEALLERNFLAFRTTETYFPHF -DLE--~-~ HGIACVEGHZEEVADAL THAVARVIL
HEX HORSE =i L VLA ADETHVE ALV GEVGAEALERNFLGFRTTETYFPHF -DLS--——~ HE3 AOVEAHGEEVGIAL TLAMGELDD
MYG PHYCA —=————=YLIEGEWQLVLHVVA| AN AGHGOD IL IRLF KD TLEEFRFEHLETEAE HEAS EDLEFHGY TVL TRLGALLEFXGH
GLES PETHEL FIVD TGSVAPLAARERTE I RSANAPM TS TYETSGVD ILVEFF TATRALOEFF FEF EGL TTADOL KA ADVEVHAE R T THAVHD A ASHDE
I.GBZ:L_LIFLLI === GALTESGAALVESEWEE IPEHTHRFF ILVLE CARAARNLFSFLEGTSEVP- - GHNPE LOAHAGEVF KLV TEANTOLOV
: HS - - S -
HER HUHRAN TF ATLSELBCH ELEVHEPERF BL LGNV LV LERHF GEEF TR PYOA L OV AGVIN AL AHKYH—————— :
HER HORSE TF AALSELHCH ELEVIPEMF AL LGNVLARALARHF GEDF TPEL QASY IO AGW AN AL ARK Y H-———~- .
I{B:J._H'I.I‘EI.H ALSALSDLHARFLEYIFVNEFFLLSHCLLY TLAL PAEF TR AVHASLDEFLASYS TVL ISKYR-——=~=~ .
Il'B:J.:Hl:I'REI ALSHLSDLHEAEEL FYNF FL LSHCLLS TLAVHLFNDF TP AVHASLDKFLSSWS TVLTSKYR=mm=== -
HYG_PHYCA AELKPLAGSHATEHR IHIKYLEF ISEAT IHVLHSAHPGDF GADLOG AANKALELFRED T AMKYRELGYOG:
GLES_FETHR AELRDLSGKHAESF FOTFFLAAY TAD TV AA = == === === DAGFEKLHSAIC ILL RS AT = ==== ==
ATLEMLGEVHVI RG-VAD ARF PYWEEAILETI

GAFNFEELNSANTIAYIELAIVIKEEMNDAA--~
..... e W m e e . T e L EEE R PP

Figure0.24 Alignment results

MSA can be better performed using clustering strategies followed by alignment of the
alignments laterCLUSTAL is a free onlineltthat does all of this for us!
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Module 047 CLUSTALW
MSA involves progressive alignment of sequenbPeéng so many progressive alignments can
be slow CLUSTALW is an online tool to perform MSA

Developed by European Molecular Biology LaboratoBugopean Bioinformatics Institute
Performs alignment in:

T
T

slow/accurate
fast/approximate

SCOPE

= 4 4

create multiple alignments,
optimize existing alignments,
profile analysis &

create phylogenetic trees

Multiple Sequence Alignment by CLUSTALW

CLUSTALW MAFFT PRRN

Help

General Setting Parameters:
Qutput Format: | CLUSTAL ¥

Pairwise Alignment: '® FAST/APPROXIMATE SLOW/ACCURATE

Enter your sequences (with labels) below (copy & paste): ® PROTEIN DNA

Support Formats: FASTA (Pearson), NBRF/PIR, EMBL/Swiss Prot, GDE, CLUSTAL, and GCG/MSF

Or give the file name containing your query
| Choose File | No file chosen

| Execute Multiple Alignment || Reset |

More Detail Parameters...

http://www.genome.jp/tools/clustalw
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More Detail Parameters...

Pairwise Alignment Parameters:

For FAST/APPROXIMATE:
K-tuple{word) size: 1 , Window size: 5 , Gap Penalty:(3
Mumber of Top Diagonals: 5 , Scoring Method: | PERCENT ¥

For SLOW/ACCURATE:
Gap Open Penalty:[10.0 |, Gap Extension Penalty: 0.1
Select Weight Matrix: | BLOSUM (for PROTEIN] ¥

(Mote that only parameters for the algorithm specified by the above "Pairwise Alignment” are valid.)

Multiple Alignment Parameters:

Gap Open Penalty:|/10 , Gap Extension Penalty:0.05

Weight Transition: "' YES (Value: 0.5 ), ® NO
Hydrephilic Residues for Proteins:GPSHDQERK
Hydrophilic Gaps: '"® YES "' NO

Select Weight Matrix: | BLOSUM (for PROTEIN]) ¥
Type additional options (delimited by whitespaces) below:
(-options for help)

Execute Multiple Alignment || Reset

Table 1. Some recent and less recent available methods for MSAs.

Name Algorithm URL

MISA Exact http/Anwnvibcwustl.edwibcmsa.htrnl

DCA Exact (requires MSA) http://bibiserv.techfak.uni-biefield.de/dca

OMA lterative DCA http:/hibiserv.techfak.uni-biefield.de/oma
Clustalvy, ClustalX Progressive Ttp:4/Ttp-igbmc.u-strashg. fr/pub/dustalVV or clustalx
MuUltAlin Progressive http:/Anwwtoulouse.inra.fr/multalin.html

DiAlign Consistency-based http:/Amww.gsT.de/biodv/dialign. htrrl

ComAlign Consistency-based http:/Avww.daimi.au.df/~ ccaprani

T-Ccffee Consistency-based/progressive http://igs-server.cnrs-rmrs.fr/~ cnotred

Praline lterative/progressive jhering@nirnr.mrc.ac.uk

lterAlign lterative http://giotto.Stanford.edw/~ ludanoAteralign.htrrl
Prrp lterative/Stochastic ftp:/ftp.genome.ad jp/pub/genome/saitama-c/
SAM lterative/Stochastic/HVIV rph@cse.ucsc.edu

HMIMER lterative/Stochastic/HVIM http//hrmer.wustl.edu/

SAGA Iterative/Stochastic/GA http://igs-server.cnrs-mrs.fr/~ cnotred

GA lterative/Stochastic/GA czhang@watnow.uwaterloo.ca
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Module 048 INTRODUCTION TO BEAST

National Center for the Biotechnology Information (N&BJSABLAST developed in 1990
G.Farxo [ 20Ff | f ASBafcheS gatabageS forNiizfy protgnZandéndeleotide
sequences. Also searches for translational products etc. Online availability

www.blast.ncbi.nlm.nih.gov/Blast.cqi

m) LS. National Library of Medicine > NCBI National Center for Biotechnology Information

BLAST®

BLAST finds regions of similarity between biclogical sequences. more..

BLAST Assembled Genomes
Find Genomic BLAST pages:
|Enter organism name or id—completions will be suggested H GO )
o Human o Rabbit o Zebrafish
o Mouse o Chimp o Clawed frog
o Rat o Guinea pig o Arabidopsis
o Cow o Fruit fly o Rice
o Pig o Honey bee o Yeast
o Dog o Chicken o Microbes
Basic BLAST

Choose a BLAST program to run.

Search a nucleotide database using a nucleotide query

leotide blast
nciectice blas Algorithms: blastn, megablast, discontiguous megablast
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Basic BLAST

Choose a BLAST program to run.

Search a nuclectide database using a nucleotide query

leotide blast
nuclectide blas Algorithms: blastn, megablast, discontiguous megablast

Search protein database uzing a protein query

tein blast
protein blast Algorithms: blastp, psi-blast, phi-blast, delta-blast

blastx | Search protein database uzing a translated nucleotide query
tblastn | Search translated nuclectide database using a protein query

thlastx | Search translated nucleotide database using a translated nucleotide query

Standard Nuclectide BLAST

blastn | blastp | blastx | thlastn tb[ast:l

BLASTN programs search nucleotide databases using a nucleotide query. more...
Enter Query Sequence prog g S

Enter accession number(s), gi{s), or FASTA sequence(s} & Clear Query subrange &)

—

Or, upload file Choose File | Mo file chosen @

Job Title |
Enter a descriptive title for your ELAST search &)

U Align two or more sequences @)

Choose Search Set

Database © Human genomic + transcript O Mouse genomic + transcript ® Others (nr etc )
| MNucleotide collection (nrint) T | L+
Crganism - - - - = ’
Optional |Enter organism name or id—completions will be suggested | L Exclude £
Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown @)
EX:{hldle U Models (XM/XP) U Unculturedfenvironmental sample sequences
ptional
Limit to 0 Sequences from type material
Optional
Entrez Query | | YouRlT) Create custom database

BLAST can be used to search for local alignment of protein and nuclsetjdences. It is
available online. Can perform searches across species and organisms
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Module049. INTRODUCTION TO BEAST

National Center for the Biotechnology Information (N&BJSABLAST developed in 1990
G.Faxo [ 201t | f ASBafcheS gatabageS forNli2fy protéinZandéndeleotide
sequences. Also searches for translational products etc. Online availability

www.blast.ncbi.nlm.nih.gov/Blast.cqi

Smith Waterman can aliggbmplete sequence8LAST does it in an approximate wdgnce,
BLAST is faster BUT does not ensure optimal alignment. BLAST provides for approximate
sequence matching. Input to BLAST is a FASTA formatted sequence and a set of search
parameters

OUTPUT OBLAST

Results are shown in HTML, plain text, and XML fornAatable lists the sequence hits found
along with scoredUsers can read this table off and evaluate results

C' [ wanwenchinlm.nibgow/genbank/

& NCBI Resources (¥ How To (%)

GenBank Nucleotide v ||
Recent
GenBank « | Submit Nucleotide ™ | HTGs = | EST/GSS « | Metagenomes « | TPA
All

GenBank Overviey Al Dalabases

Assembly
What is GenBank? | BioProed

BioSample
GenBank © is the NIH gen BioSystems notated collection of all publicly available DNA sequences
(Nucleic Acids Research. 4  Boaks Bank is part of the International Mucleotide Sequence
Database Collaboration . W\ cjinvar ank of Japan (DDBJ). the European Molecular Biology
Laboratory (EMBL), and G Clone rganizations exchange data on a daily basis.
A GenBank release occurs  Conserved Domains  |aple from the ftp site. The release notes for the current
version of GenBank provid ~ dbGaP : release and notifications of upcoming changes to GenBank.
Release notes for previous| — dbVar ailable. GenBank growth statistics for both the traditional
GenBank divisions and the  Epigenomics m each release. GenBank growth statistics for both the
traditional GenBank divisiof EST ailable from each release.
An annotated sample GenE Gene es cerevisiae gene demonstrates many of the features of the
GenBank flat file format. Genome

GEQ DataSets

GEOQ Profiles -

Access to GenBank

Figure0.25Input to BLAST: Gene IDs
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€« - C  [Owwwuniprotorg/protecmes/ w O |

= -
Unipros.
oo _
T B w-

BLAST Align Retrieve/ID mapping Help Contact

Proteomes results

What are proteome sets? Ei x
What are reference proteome sets?
A proteome is the set of proteins thought to be expressed
. . p ! Some proteomes have been (manually and
by an organism. UniProt provides proteomes for species - .
' algorithmically) selected as reference proteomes.
with completely sequenced genomes. @ Help ) )
They cover well-studied model organisms and other
organisms of interest for biomedical research and
phylogeny. @ Help
D proteomes help video B Other tutorials and
| videos . Downloads
Filter bVi J:.Dc-wnload‘ [I:C[Jlumnsj < 1to 25 of 45,293 p Show

Figure0.26 Input to BLAST: Protein IDs

=) Graphic Summary

Distribution of 2 Blast Hits on the Query Sequence &

|Mouse over to see the defline, click to show alignments |

Color key for alignment scores

<40 40-50 50-80 80-200 >=200
G e ry | —
1 | | | 1
1 30 60 90 120 150

(=) Descriptions

Sequences producing significant alignments:
Select: All None Selected:0
it Alignments

Description R hacial, Ouory 2 Ident = Acc

score score cover value
) hypothetical protein MIVOO3L [Invertebrate iridescent virus 3] 320 320 100% 2e-109 100% YP 6
) unnamed protein product [Phytomonas sp. isolate EM1] 3T 3T BT% 43 28% CCwW

Figure0.27 Results from BLAST
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Module 050 BLAST ALGORITHM

BLAST can search sequence databases and identify wnigemuences by comparing them to
the known sequenced his can help identify the parent organism, function and evolutionary
history.

For example:

Query sequence: PQGELV

Make list of all possible worlds (length 3 for proteins)
PQG (score 15)

QGE (score 9)

GEL (score 12)

ELV (score 10)

Assign scores from Blosum62, use those with score> 11: PQG & GEL
Mutate words such that score still > 11

PQG (score 15) similar to PEG (score 13)

At the end, we get: PQG, GEL and PEG

Find all database sequences that havéeatt 2 matches among our 3 words: PQG, GEL & PEG
Find database hits and extend alignment (Hégbring Segment Pair):

Query: MET[PQGTI|AV
Database: - - -\ PQ GE|L V
855208

High Scoring Pair: PQGI (score 8+5+5+2)
If 2 HSP in query sequence are < 40 positions away
Full dynamic alignment on query and kéquences

BLAST performs quick alignments on sequentdas results are tabulated with alignment
regions overlapping each othegtatistical evaluation is also provided alongside

Page85 of 320




Handout Chapter 02: Sequence Analysis

Module 051 TYPES OF BLAST

BLAST can search sequence databases andfidanknown sequences by comparing them to
the known sequenced his can help identify the parent organism, function and evolutionary
history.

There are two main types of BLAST.
Nucleotides

A Blastn:Compares a nucleotide query sequence against a nucleotide database.
Proteins

A Blastp:Compares an amino acid query sequence against a protein database.
There are also many other types of BLAST:

1 Blastx:
Compares a nucleotide query sequence against a pr@equence database.

Helps find potential translation products of unknown nucleotide sequences

1 tblastn:
Compares a protein query sequence against a nucleotide sequence database

Nucleotide sequence dynamically translated into all reading frames

1 tblastx:
Compares the siftame translated proteins of a nucleotide query sequence against the six

frame translated proteins of a nucleotide sequence database.

A BLAST performs quick alignments on biological sequences

A Several types of BLAST exist which can dssisimparing nucleotide sequences
with amino acids and vice versa
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Module 052 SUMMERY OF BLAST

BLAST can search sequence databases and identify unknown sequences by comparing them to
the known sequenced his can help identify the parent organism, funaotand evolutionary

history.

Stepl: obtain a query of sequence

fg-'.-.} NCBI Resources [+ How To [v) My MCBI Sign
P[’Otein Search:lProtein j Litits  Advanced search  Help
Translations of Life || m Cl
Bar
Display Settings: [v) FASTA Send to:

Change region shown

hemoglobin subunit beta [Homo sapiens])
Anhalyze this sequence

MCEBI Reference Sequence: NP_D00503.1 Run BLAST
GenPept  Graphics e

>gi|4504349| ref|NP_000509.1| hemoglobin subunit heta [Homo sapiens] e
MVHLTPEEES AVTALWGEVHVDEVGGE AL GRLLVVYPUTCRFFESFGDLA TP D AVHGNPEVELHGEEVL G Find in this Seguence
AFSDGLAHLDNLEGTF ATLSELHCDELHVDPENFRLLGNVLVCVL AHHFGEEF TPPVQALTQEVVAGV AN
ALAHETH

Step2: choose a type of BLAST

Basic BLAST
Choose a BLAST program to run.

Search a nucleotide databaze using a nucleotide query

lectide blast
nucleotice 21as Algorithms: blastn, megablast, discontiguous megablast

Search protein databaze using a protein query

protein blast
rotein s Algorithms: blastp, psi-blast, phi-blast, delta-blast

blastx | Search protein database using a translated nucleotide query
thlastn | Search translated nucleotide database using a protein query

thblastx | Search translated nucleotide databaze using a translated nucleotide query
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Input Database

blastn
blastp
blastx
tblastn

tblastx

Step3: search parameter

-
- _Recent Results || Saved Strategies. -

» NCBI/ BLAST/ blastp suite

blastn blastp blastx tblastn tblastz |

Enter Query Seqguence

Enter accession number(s), giis), or FASTA sequence(s) &

1

1
protein s protein

6
DNAé—» protein
6

protein —> DNA

DNAé_P*%DNA

Basic Local Alignment Search Toof

BLASTP programs search protein databases using a protein query. more...

Query subrange &

Clear

TP_000505.1

Or, upload file

From Ii
)

Browse. | &
[ Browse_|

Job Title I

Enter a descriptive fitle for your BLAST search &)

I Align two or more sequences @

Choose Search Set

Datahase

Organism

I Maorrredundant protein sequences (nr)

e

Optional

IEnter organism narme or id--completions will be suggestad

M Exclude [+

Enter organism commaon harme, hinomial, or tax id. Only 20 top taxa will be shown, &)

Exclude
Optional

I wodels GnP) I Uncultured/environmental sample sequences

Entrez Query I
optional

Enter an Entrez query to limit search &)

Frogram Selection
Algorithm

 hlastp (protein-protein BLAST)

€ PSI-BLAST (Position-Specific terated BLAST)
€ PHI-BLAST (Pattern Hit Initiated BLAST)
Choose a BLAST algotithm &)

Search datal

Non-r

‘

t protein es (nr) using Blastp (protein-protein BLAST)

Il Show results in a new window

B Algorithm parameters

Step4: tabulated search results
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Distribution of 17 Blast Hits on the Query Sequence

|I‘~JF"_EIEEIEEE hemoglobin, beta adult minar chain [hMus musculus] 5=244 E=1.7e-EB5

Color key for alignment scores

<40 40-50 |N50-800  80-200 >=200
ey———
| | | [ | | | |
0 20 40 60 80 100 120 140

< BLAST

Basic Local Alighment Search Toof

= Recent Results || Saved Strategies

[Sign In] [Reqis!

» HCBI/ BLAST/ blastp suite/ Formatting Results - GS1F74BK011

Edit and Resubmit  Save Search Strategies P Formatting options P Download
NP_000509:beta globin [Homo sapiens]

Query ID Qi|4504349|ref|NP_000509.1| Database Mame nr
Description beta globin [Homo sapiens] Description Al non-redundant GenBank CDS
=0i|55635219|ref|XP_S508242.1| PREDICTED: translations+PDB+5SwissProt+PIR+PRF excluding
hypothetical protein [Pan troglodytes] environmental samples from WGS projects
>0i| 56749856 sp|PEEET1.2|HBE_HUMAMN RecMame: Program BLASTP 2.2.22+ bCitation

Full=Hemoaglohin subunit beta; AltName:
Full=Hemuoglobin beta chain; AltMame: Full=Beta-
hemoglobin, beta [synthetic construct]
»0i| 189053145 |dbj|BAG34767.1| unnamed protein
product [Homo sapiens]

Molecule type amino acid

Query Length 147

Other reports: >Search Summary [Taxonomy reparts] [Distance tree of results] [Related Structures] [Multinle slignment] NeW
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Sequences producing significant aligqnments:

ref |NF

055652, 1]

ref |NP

N32246. 2|

ref | XP

975992, 1|

ref |NF

032247.1]

ref |NF

032245.1]

ref | XP

9953514, 11

ref | xP

9TgoE4. 1]

ref | <P

912634.11

ref | xP

455069, 1|

ref |NP

N32244.1]

ref | <P

994669, 1|

ref | <P

356935, 3]

ref |NP

034535.11

ref |NP

001029153

hemoglobin, beta adult minor chain [Mus musculu
hemoglobin, beta adult major chain [Mus musculu

PREDICTED: similar

hemoglobin 2, beta-like embryonic chain [Mus mu
to Hemoglobin beta-H1 sub...
to Hemoglobin epsilon-¥2 ...
to Hemoglobin beta-2 subu...
to Hemoglobin beta-Z2 subu...

PREDICTED: similar
PEEDICTED: similar
PEEDICTED: similar
PREDICTED: similar
hemoglobin alpha 1
PREDICTED: similar
PREDICTED: similar

hemoglobin X, alpha-like embryohic chain in ...
1] =2imilar to hemoglobin, theta 1 [Muz musculus

ref |NF

77516511

ref | xP

975150.11

ref |NP

TO5942. 2|

to Hemoglobin epsilon-¥2 ...
hemoglobin ¥, beta-like embryonic chain [Mus mu

chain [Mus musculus]

to Hemoglobin alpha subun...
to Hemoglobin alpha subun...

hemoglobin, theta 1 [Mus musculus]

PEEDICTED: similar to hemoglobin, beta adult...
Sl'-rmacleotidasze, cytozsolic IT-1like 1 protein [H

Figure0.28tabulated search results

Score
[Bits)

244

225

226

223

223

203

137

lal

154

105

101

100

94.0

g8.2

73.9

41.6

28.9

E
Value

Ze-65
Ze-a0
Je-a0
4e-59
ae-39
4e-53
Ze-43
Ze-40
Je-38
le-23
Je-22
de-22
de-20
Ze-13
Se-14
Ze-04
1.5

GRG0 6 oo o Mo lo o o
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Module 053 INTRODUCTION TO FASTA

For comparing two sequences we use pair wise sequencing and for the comparison of many
sequences we use multiple sequence alignment. To handle the multiple alignments we perform

alignment through smitiwaterman algoritim for local one. And for global alignment we use
Needlemanwunsch algorithm.

Both local and global alignments are the dynamic approaches. Many of the sequences are
compared, which takes time and we use BLAST which is an approximate local alignment search
tool BLAST compares a large number of sequences, quickly. FASTA took a similar approach.

Developed in 1988.it does Fast Alignment .Searches databases for query protein and nucleotide
sequences. Was later improved upon in BLAST.

Sequences from database

! !

Query

Figure0.29 Regions of absolute identity

EMBL-EBI

FASTA

Services | Research | Training = About us

Protein | Nucleotide | Genomes | Proteomes Whole Genome Shotgun | Web servitzesé = Share *. Feedback
Help & Documentation

Tools > Sequence Similarity Searching > FASTA

Protein Similarity Search

This tool provides sequence similarity searching against protein databases using the FASTA suite of programs. FASTA provides a

heuristic search with a pretein query. FASTX and FASTY translate a DNA query. Optimal searches are available with SSEARCH (local),
GGSEARCH (global) and GLSEARCH (global query, local database).

STEP 1- Select your databases

PROTEIN DATABASES
1 Databank Selected X Clear Selection
« [ UniProt Knowledgehase
UniProtKB/Swiss-Prot
UniProtkB/Swiss-Prot isoforms
UniProtKB/TIEMBL

» UniProtKB Taxonomic Subsets
» UniProt Clusters

» Patents

» Structure

» Other Protein Databases

http://www.ebi.ac.uk/Tools/sss/fasta/
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EMBL-EBI

Genomes | Proteomes | Whole Genome Shotgun | Web services <, Share

Help & Documentation

Tools = Sequence Similarity Searching = FASTA

Nucleotide Similarity Search

This tool provides sequence similarity searching against nuclectide databases using the FASTA suite of programs. FASTA provides a
heuristic search with a nuclectide query. TFASTX and TFASTY translate the DNA database for searching with a protein query. Optimal
searches are avallable with SSEARCH (local), GGSEARCH (glebal) and GLSEARCH (global query, local database).

STEP 1 - Select your databases

NUCLEOTIDE DATABASES
111 Databanks Selected 2 Clear Selection
+ ENA Sequence (formerly EMBL-Bank)
» [# ENA Seguence Release
s [| ENA Sequence Updates
» | ENA Coding Sequence Release
e [ ENA Coding Sequence Updates
» | ENA Non-Coding Sequence Release
« [ ENA Non-Coding Sequence Updates
» Others
» IMGT
» Patents
» Structure

Figure0.30 Nucleotide FASTA

EMBL-EBI

Genomes | Proteomes | Whole Genome Shotgun | Web services

ing = FASTA

Protein Similarity Search

This tool provides sequence similarity searching against protein databases using the FASTA suite of programs. FASTA provides a
heuristic search with a protein query. FASTX and FASTY translate a DNA query. Optimal searches are available with SSEARCH (local),
GGSEARCH (glebal) and GLSEARCH (global query, local database).

STEP 1 - Select your databases

PROTEIN DATABASES
1 Databank Selected X Clear Selection
¢ ¥ UniProt Knowledgebase
¢ [ UniProtkB/Swiss-Prot
¢ [ UniProtkB/Swiss-Protisoforms
& [ UniProtkKBMTrEMBL
» UniProtKB Taxonomic Subsets
» UniProt Clusters
» Patents
» Structure
» Other Protein Databases

Figure0.31 Protein FASTA
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Module 054 INTRODUCTION TO FASTA

FASTA Fast Alignment AlgorithnClassical global and local alignment algorithms are time
consumingFASTA achieves alignmentusing short lengths of exact matches

1 USES OF FASTA

FASTA relies on aligning subsequences of absolute iddnpiyt to FASTA search can be in
FASTA, EMBL, GenBank, PIR, NBRF, PHYLIP or UniProt formats

1 OUTPUT OF BLAST

Results are output in visual fmat along with functional predictiarMakes table lists the

sequence hits found along with scoréssers can click on each reported match to look at the
details

Nucleotide Similarity Search

This tool provides sequence similarity searching against nuclectide databases using the FASTA suite of programs. FASTA
provides a heuristic search with a nucleotide query. TFASTX and TFASTY translate the DNA database for searching with a

protein query, Optimal searches are available with SSEARCH (local), GGSEARCH (glebal) and GLSEARCH (global query,
local database).

STEFP 1 - Select your databases

NUCLEOTIDE DATABASES

111 Databanks Selected X Clear Selection
+ ENA Sequence (formerly EMBL-Bank)
» # EMA Sequence Release
ENA Sequence Updates
EMA Coding Sequence Release
EMA Coding Sequence Updates
EMNA Mon-Coding Sequence Release
o EMA Mon-Coding Sequence Updates
» Others
» IMGT

» Patents
> Structure

STEP 2 - Enter your input sequence

Enter or paste a| DNA * | sequence in any supported format:

CAGTCAGTCATAGTCGTAGATGTACGTAGCTAGTAGTGATGTAGTCAGT GATGCTAGTAGTGT TAGTAGTGATGTAGTCAGTGATGCT
AGTAGTGTTAGTAGTGATGTAGTCAGTGATGCTAGTAGTGTTAGTAGTGATGTAGTCAGTGATGCTAGTAGTGTTAGTAGTGATGTAG
TCAGTGATGCTAGTAGTGTTAGTAGTGATGTAGTCAGTGATGCTAGTAGT GTTAGTAGTGATGTAGTCAGTGATGCTAGTAGTGTTAG
TAGTGATGTAGTCAGTGATGCTAGTAGTGTTAGTAGTGATGTAGTCAGTGATGCTAGTAGTGTTAGT

Figure0.32 Input to FASTA: Gene IDs
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Tools > Sequence Similarity Searching > FASTA

Protein Similarity Search
This tool provides sequence similarity searching against protein databases using the FASTA suite of programs. FASTA provides a

heuristic search with a protein query. FASTX and FASTY translate a DNA guery, Optimal searches are available with SSEARCH (local),
GGSEARCH (global) and GLSEARCH (global query, local database).

STEF 1 - Select your databases

PROTEIN DATABASES

1 Databank Selected X Clear Selection
@ UniProt Knowledgebase

1 UniProtkB/Swiss-Prot

[ UniProtkB/Swiss-Prot isoforms

[ UniProtkB/TrEMBL

UniProtKB Taxonomic Subsets

UniProt Clusters

Patents

Structure

Other Protein Databases

-

FYF¥FTF T o o 0

STEF 2 - Enter your input sequence

Enter or paste a|PROTEIN ~ |sequence in any supported format:

MDASSSPSPSEESLKLELDDLOKCGLNKKLRFEASVCSIHNLLRDHY SSSSPSLEKOFYIV
VSRVATVLKTRY TATGFWVAGLSLFEEAERLVSDASEKKHLKSCVAQAKEQLSEVDNQPT
ESSQOGYLFEGHLTVDREPPQPQWLVQONLMSAFASIVGGESSNGPTENTIGETANLMQEL
INGLDMIIPDILDDGGPPRAPPASKEVVEKLPVIIFTEELLKKFGAEAECCICKENLYIG
DKMQELPCKHTFHPP CLKPWLDEHNS CPICRHELFTDDQKYENWKEREKEAEEERKGAEN
AVRGGEYMYY

| afile: | Choose File | No file chosen

Figure0.33 Input to FASTA: Protein Sequence

EMBL-EBI ic esearch = Training

FASTA

Protein Nucleotide ;| Genomes Proteomes ;| Whole Genome Shotgun Web services < Feedback

Help & Documentation

Tools > Seguence Similarity Searching > FASTA

Results for job fasta-120160323-032745-0099-35769831-es
Summary Table || Tool Qutput Functional Predictions || Submission Details

Color scale: Download in SVG format
Ofixed
= B FASTA (wersion: 36.3.7b Jun, 20 15(preloadd )y Laisnghed Wad, Mar 23, 20016 &t 032745
@ dynamic Darabase ,,,,,m,u, Finished Wed, Mar 23, 2016 a1 03:30: 12
Sequence. EMBOSS, 01
Update Length: 310
Sequence Match E-value Subject Match
1 110 1 401
protein lig.. 2 BE-124
Wuma_pmu <‘ms Tiger famiby prote 1.8E-120
VALEI B FUTSA Uncharacienzed prode ... 8.3L-116
ADADETCEVS_ARAAL Uncharacieized prosein .. 2.5E-113
IIDHU‘LQIMS Unchasacse nzed proseis .. 1.0E-111
263 BRADL Unehasacts ided proteis .. 9.TE-110
m.\mm’:nx BRANA, BraC 00§ 101500 protem O 4 .0E-10%
lﬂl.l]l'lfllla BRANA, Braa0d GOSLS 00 protem O 8.9E-109
4_BBARP Unchisacte nzed prow ... 1.7E-107
4 COSAR E3 ubiquilin-protein lsg... © | A1E-B2 4 |
MS]E.K.M THECC MINC fU-Bem seperfamiy g | L3IE-B1 1
ANAODISC B GOSKA, Unchasacie faed prosein ... b | 1AE-B0 1
BSHCNE POFTR Uncharacte ized prodein .. - i 2AL-7RB & i
mnot RCCO Zinc finger proaein, put... = i YGE-TR 4 i
WIRHOS_WO0SA E3 ubiquitin- protein lig._ = | 2GE.77 g |
ADADZIORSO_ERYCU Unchisacts ided proteis ... - I L3E-T6 i
mm[.nr.ﬂ ATCU Uncharacienoed prodein ... I LSE-T6 b i
Twh_UCGR Uncharacse nzed prosein .. k= | 9.6E-7T4 |
mmmwao COSRA UnChasacie nzed prose ... fe— | 1BE-69 |~ i
KTMNED_SOYVEN I.IMM. acw nzed ﬂfb‘“ﬂ 4 1E-54
ADADEIEXT6 CAYSD E protein g, 4.1E-54
mcmn TSl Um:h; acte nzed prote in TAE-54
68 9RO Unchasacie ized provein ... TAL-534

Figure0.34 Results from FASTA
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Module 055 FASTA ALGORITHM

FASTA can search sequence databases and identifpwnksequences by comparing them to
the known sequence databaseékhis can help obtain information on the parent organism,

function and evolutionary history

STEP1: Local regions of identity are found

\ __ Different offset values

Identical offset valuesin a
contiguous sequence

~

STEP2: Rescore the local regions using PAM or BL@D&tuil!

Diagonals are extended

STEP3: Eliminate short diagonals below a cutoff score
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N

STEP4: Create a gapped alignment in a narrow segment and then perform Smith Watermann
alignment
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Module 056 TYPES OF FASTA

There are six types of FASTS:

1 fasts35
Compare unordereg@eptides to a protein sequence database

T fastm35
Compare ordered peptides (or short DNA sequences) to a protein (DNA) sequence database

1 Fasta35
Scan a protein or DNA sequence library for similar sequences

1 Fastx35
Compare a translated DNA sequence (6 ORFsprotein sequence database

M tfastx35
Compare a protein sequence to a DNA sequence database (6 ORFs)

9 fasty35
Compare a DNA sequence (60RFsS) to a protein sequence database

FASTA performs quick alignments on biological sequeBes®eral types of FAS€RIst which
can assist in comparing DNA/RNA/Protein sequences with each other
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Module 057 SUMMERY OF FASTA

FASTA can briskly perform sequence search databases if given a query seljutiiue types
of FASTA exist which assist in aligning DNA/RN#Rrsequences

& NCBI  Resources® HowTo My MCBI Sidr
Protein SearchilProtein j Limits Advanced search  Help
Translations of Life || m cl
gar
Display Seftings: ) FASTA Send to:

Change region shown

hemoglobin subunit beta [Homo sapiens]

MCEI Reference Sequence: MP_000503.1
GenPept  Graphics

>gi| 4504349 | ref|NP 000509.1| hemoglobin subunit beta [Homo sapiens] e
MVHLTPEEKS AVTALWGKVNVDEVGGE ALGRLLVYYPUTORFFESFGD LI TPDAVHGHPEVELHGEEVL G Find in this Seguence
AFSDGLAHLDNLEGTF ATLSELHCDELHVDPENFRLLGNVLVCVL AHHF GEEF TPPVQAATOKVV AGVAN
ALAHEYH

Analyze this sequence
Run BLAST

|dentify Consened Damaing

Figure0.35 Step 1: Obtain a query sequence
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FASTA

Protein Mucleotide Genomes Proteomes Whole Genome Shotgun <, Share

Web services | Help & Documentation

Tools = Seguence Similarity Searching = FASTA

Nucleotide Similarity Search

This tool provides sequence similarity searching against nuclectide databases using the FASTA suite of programs. FASTA
provides a heuristic search with a nuclectide query. TFASTX and TFASTY translate the DMNA database for searching with a
protein query. Optimal searches are available with SSEARCH (local), GGSEARCH (global) and GLSEARCH (global query,
local database).

STEF 1 - Selectyour databases

NUCLECQTIDE DATABASES
111 Databanks Selected X Clear Selection
¥ ENA Sequence (formerly EMBL-Bank)
» [# EMA Sequence Release
EMA Sequence Updates
EMNA Coding Sequence Release
ENA Coding Sequence Updates
ENA Mon-Coding Sequence Release
. EMA MNon-Coding Sequence Updates
» Others
» IMGT

» Patents
» Structure

L

Figure0.36 Step 2: Choose a type of FASTA

fasta3s, - - -
scan a proteimn of DNA sequence library for sumnilar sequences
fasta3s t' P 1 ary T
fastx3s, compare a DNA sequence to a protein sequence database, comparing the translated DNA sequence
fastx35_t in forward and reverse frames.
tfastx3s, compare a protein sequence to a DIVA sequence database, calculating similanties with frameshifts
tfastx35_t to the forward and reverse orientations.
fasty3s, compare a DNA sequence to a protein sequence database, comparing the translated DNA sequence
fasty35_t in forward and reverse frames.
tfasty3s, compare a protein sequence to a DINA sequence database, calculating similarities with frameshifts
tfasty35_t to the forward and reverse orientations.
fasts3s, ] _— )
fasts3s t compare unordered peptides to a protein sequence database
i:zm::’ o compare ordered peptides (or short DINA sequences) to a protein (DINA) sequence database
e compare unordered peptides to a translated DNA sequence database
tfasts3s_t P Pep ! '
fastf3s, a B o, S
fastfas t compare mixed peptides to a protein sequence database
tfastf3s, . A e .
tfastf3s t compare mixed peptides to a translated DNA sequence database
ssearch3s,

e compare a protein or DINA sequence to a sequence database using the Smith-Waterman algorithm.

Figure0.37 Type of FASTA

http://fasta.bioch.virginia.edu/fasta_docs/fasta35.shtml
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STEP 2 - Enter your input sequence

Enter or paste a|DMNA ¥ |sequence in any supported format:

Handout Chapter 02: Sequence Analysis

CAGTCAGTCATAGT CGTAGAT GTACGTAGCTAGTAGTGATGTAGT CAGTGAT GCTAGTAGTGTTAGTAGTGATGTAGTCAGTG
ATGCTAGTAGTGTTAGTAGTGATGTAGTCAGTGAT GCTAGTAGTGTTAGTAGTGATGTAGTCAGT GATGCTAGTAGTGTTAGT
AGTGATGTAGTCAGTGATGCTAGTAGT GTTAGTAGTGAT GTAGT CAGTGAT GCTAGTAGTGTTAGTAGTGATGTAGT CAGTGA
TGCTAGTAGTGT TAGTAGT GATGTAGTCAGTGATGCTAGTAGTGT TAGTAGT GATGTAGTCAGTGATGCTAGTAGTGTTAGT

i
orupload afile: | Choose File | Mo file chosen

STEP 3 - Setyour parameters
PROGRAM
|FASTA T |
MATCHMISMATCH EXPECTATION EXPECTATION
SCORES™ ™ GAP OPEN GAP EXTEND KTUP UPPERVELUE LCOWERVELUE
[+Bi4 B v [ v [10 v [0 (default) v |
DMA STRAND HISTOGRAIM FILTER STATISTICAL ESTIMATES
[both v |[no * | none * || Regress T |
SCORES ALIGNMENTS SEQUEMCE RANGE DATABASE RANGE MULTI HSPs
(50 v |50 v |[START-END | [START-END lno v
SCORE FORMAT
[ Default |

Figure0.38 Step 3: Setup Sezh Parameters

Database: uniprotkb

Length: 310

AlPZ_ARATH
DFMOSE_ARALL
V4LEI3_EUTSA
AQRADBTCEVI_ARAAL
ROH126_9BRAS
ADADD3B 263 _BRADL
ADADTSC IRE_BRANA
ADAOTEDILE_BRANA
M4COU4_ERARP
ADADBONEZ4_COSAR
ADADE ICKPO_THECC
ADADDZSQ29_COSRA
BIHCNE_POPTR
BORRO4_RICCO
WIRHOY_9ROSA
ADAD22ORSO_ERYCL
ADADBTKGCS3_ATCU
ADADS9CTWE_EUCGR
ADADD2ZU980_COSRA
K7MNBO_SOYEN
ADADBZRXZE_CLYSO
ADADETC2AE CITSI
VA L6 E_DROSI
CETEBPO_SOYEN
ACADSIRPRE_PHAAN
ACADLOVIMI _PHAAN
T2DNPO_PHAVL
11M9B5_SOYEN
MSXRCS_PRUPE
T2DFT2_PHAVU
ADADB2ZRVCE_CLYSD
AGADEEVAL? _COFCA
ADADVOHS3 I SOLCH
DFSW02 _VITvi
ANANIIZIEIIE CAPAN

Sequence: EMBOSS_001

FASTA (version: 36.3.7b Jun, 2015(preload9))

E3 ubiguitin-protein lig...
Zinc finger family prote...
Uncharacterized protein ...
Uncharacteized protein ...
Uncharacterized protein ...
Uncharacterized protein ...
Enal03gl03500 protein OS...
BnaA03g081500D protein O5... |
Uncharacteized protein ...
E3 ubiquitin-protein lig...
RING /U-box superfamily p...
Uncharacterized protein ...
Uncharacterized protein ...
Zinc finger protein, put...
E3 ubiguitin-protein lig...
Uncharacterized protein ...
Uncharacterized protein ..,
Uncharacteized protein ...
Uncharacterized protein ...
Uncharacterized protein ...
E3 ubiquitin-protein lig...
Uncharacterized protein ...
Uncharacterized protein ...
Putative uncharacterized..,
Uncharacterized protein ...
Uncharacteized protein ...
E3 ubiquitin-protein lig...
Uncharacteized protein ...
Uncharacterized protein ...
E3 ubiquitin-protein lig...
E3 ubiquitin-protein lig...
Uncharacterized protein ...
Putative E3 ubiguitin-pr...
d.

Putative uncharac

AIRT R~ anc brum 3nmmem

Sequence Match

E-value

Launched Wed, Mar 23,
Finished Wed, Mar 23,

Subject Match

310

‘|"|"|'TTTTTTTTTTTT‘{TTTTTT""""’"

Figure0.39 Step 4: Tabulated Search Results

DO O W o
mmmAmmmmmm
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Align. " DB:1D

1 SP:AIP2 ARATH

w2 TRDTMOSE ARALL

Figure0.40 Tabulated data

L3

Handout Chapter 02: Sequence Analysis

Source . Length ~ Score _ Identities _ Positives  E()
T {Bits) T % Ty e e

E3 ubiquitin-protein ligase AIP2 310 453.0 100.0 100.0 2.6E-124
0S=Arabidopsis thaliana
GN=AIP2 PE=1 SV=1
Cross-references and related
information in:

P Gene expression

¥ Small molecules

P Nucleotide sequences

P Genomes & metagenomes

» Enzymes
B Samples & ontologies

5

I Protein families P Literature

P Protein sequences

Zinc finger family protein 310 440.3 96.5 99.7 1.8E-120
0OS=Arabidopsis lyrata subsp.

lyrata

GMN=ARALYDRAFT_ 4838397

PE=4 5V=1

Cross-references and related

infarmation in:
P Nucleotide sequences

P Genomes & metagenomes

Pk Samoles & ontoloaies
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Module 058 BIOLOGICAL DATABASE AND ONLINE TOOLS

All molecular information of RNA, DNA, Proteins have need to be stored and retrieved.
Sequences are obtained from genome sequencing and mass spectrometry

Structures are obtained from-Ray Crystallography, Atomic Force Microscopy & Nuclear
MagneticResonance Spectroscopy.

Vast amounts of such data existdoreover, this data is rapidly accumulating. Online Databases
are formed to store and share this data.

1 OBJECTIVE

Make biological data available to scientists in compugsdable form
For handlig, sharing and analysis of the data
The best way to sharis to keep this data on the web

cC-

Several sequence, structure and molecular interaction databases exist. These are available
online on the web. Users can freely access and download such data
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Module 059 EXPASY

Handout Chapter 02: Sequence Analysis

It is developed by Swiss Bioinformatics Institute (SM&bsite provides access to databases and
tools Proteomics, genomics, phylogeny, systems biology, population genetics, transcriptomics

etc. can be searched.

http://www.expasy.org/

€« C' [ www.expasy.org

EXPASY

R Y Bioinformatics Resource Portal

Query all databases v I

Visual Guidance

proteomics

genomics

structural bioinformatics
systems biology
phylogeny/evolution
population genetics
franscriptomics
biophysics

imaging

IT infrastructure

drug design

ExPASy is the SIB Bioinformatics Resource Portal which provides access

x

Hom

search help

Popul:

to scientific databases and software tools (i.e., resources) in different areas

of life sciences including proteomics, genomics, phylogeny, systems biology, [
population genetics, transcriptomics etc. (see Categories in the left menu). @
On this portal you find resources from many different SIB groups as well as

external institutions.

Featuring today

SIM

alignment of two protein sequences or within

a sequence
[details]

P &
o oW oW
2 3=

Latest

Protein
biocurz

Museur
galleries
collectit
about a
in a way
informa

Maro
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SWIEE-3DIMAGE BWISE-MODEL repository SWIBE-MODEL TS PDEY jewer
D stmchise ages Eum‘vmcall}'g;erimedm\:'ﬁm — w]]ﬁdmm | 3D stoutare wingalizstion]
mo

CDA40LE ase Proteomics tools

CIM0ligand defects

SWISE-PROT Docs

"4 FProtein idertification tools
L
I

3eghnalFef SWIES-PROT
Sequence amalysis & TrEMEL
biblicgraphic mfftmnces Bl smuermss _‘I Protein characterization tools ”“
I
[

PROSBITE
| Paotein fanlies and dermains

AES femence

AWIRE-2DPAGE - ! -
Eetrieval System

2D gel electiophoresis

4‘ Sequenice atalysis tools ”“
[

I
MELANIE

“f EMZYME
M}—‘ Biochemical Patlmrays‘
T el amalysis s oftwrame
=
Swiss-Shop ADgel lab servize Anonym ous FTE sers

Aatomatically ob tain near

sequenves relavant o yo 2D-training cow se World 20-PAGE
field of interest Omawesk conrse in Cereva Search ExPASy|
BioHunt
Bwiss-Flash
mcmﬁss s?m]] g T able of documents What's new?

Figure0.41 flowchart
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-~
[@ ScanProsite
The ScanProsite tool [Help] allows to scan protein sequence(s) (either from Swiss-Prot or TrEMBL or provided by the user) for the occurrence of patterns, profiles
and niles (motifs) stored in the PROSTTE database, or to search protem database(s) for hits by specific motf(s) [ Eeference / Download ps scan, the standalone
wersion] The program PRATT can be used to generate your own patterns. ¥ ou may either:
o Enter one or more PEOSTTE accession numbers andfor patterns [1 by line] to search the Swiss-ProtTTEMBL andf/or PDB databases, DR
« Enter one or more sequences [raw, Swizs_Prot or fasta format] andfor Swiss-Prot/TrEMBL accession numbers [1 by line] to be scanned with all patterns,
profiles, rules in PROSTTE, OR
o Fillin both fields to find all occurrences of a motif in a sequence
Protein(s) to be scanned: PROSITE pattern{s)/profile(s) to scan for:
Enter one or more Swiss-Prot/TYEMEBL accession number(s) [AC] (e.g. Enter one of more PROSITE accession number(s) (e g PS50240), andfor
PO0747) andior sequence identifier(s) [ID] {e.g. ENTE_HUMAN) , andfor identifier(s) (e.g. CHER), andfor type your pattern(s) in PEOSTTE format in
PDB identifier, and/or paste your own protein sequence(s) m the box below: | |the box below,
(leave this box blank to scan PROSITE entrie(s) aganst selected protein {leave this box blank to scan sequence(s) against the entire PROSTTE
databases) database)
and specify your search limits (only used if no protein data specified) :
» Protein database(s): Swiss-Prot [] TrEMEL [] PDB
dat.abase:? . .
[Mlinchuding splice variants
General options randomize databases | no * | (to test a pattern, see help)
Ezclude motifs with a high probability of eccurrence o Taxonomic lineage (OC) / species (O3) filter:
[ Show low level score
[ Do not scan profiles [ser Manual] (see NEWT Tavonomy ; separate multiple taxafspecies with a semicolon, e.g.
Bultaryota; Escherichia coli;  Does not work on PDE sequences,)
Show only sequences with at least hut(s) .
X s Description (DE) filter: & g profease
Mazirnurn of matched sequences | 1000 v
@ Graphical rich view O Simple HTML cutput
O Plain text output O Plain text fasta output i v

Figure0.42 prosite scanning section
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~
is EXPASy Home page Site Map Search EXPASY Contact us Proteomics tools Swiss-Prot
Gearch | Swiss-ProtTEEMEL vl tor
PeptideMass
PeptideMass [eferences] cleaves a protein sequence from the Swiss-Frot andfor TiEMEL databases o1 a user-entered protein sequence with a chosen
enzyme, and computes the masses of the generated peptides. The tool also returns theoretical isoelectric point and mass values for the protein of interest, If
desired, Peptidehdass can return the mass of peptides known to carry post-ranslational modifications, and can highlight peptides whose masses may be
affected by database conflicts, izoforms or splice variants.
Instructions are available.
Enter a Swizs-Frot protein identifier, 1D (e, ALBU HUMAN], o accession number, AC (a.g. FO4408), or an amino acid sequence (e.g. SELVEGVIV'; vou
may specify post-ranslational modifications, but FLEASE read this document first!):
PO4406
the fields. | Fedom | e cleavage of the protein.
The peptide masses are
with cyeteines treated with: | nothing (in reduced form) |+ =

Figure0.43 peptide mass finding
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PROWL for Intranet

“Ciobal Solutions for Your Local Needs"
Disclaimer
Contact ProteoMetrics

PROWL for Intranet provides an interactive environment for protein analysis that can be easily accessed with any web browser over your
intranet. PEOWL consists of a set of interconnected databases and software tools that enable swift analysis of protein mass spectrometry
experiments. FEOWL iz bazsed on a powerful client-server model. Tasks that are highly interactive are performed on a local personal
computer and computationally intensive tasks like database searches are sent to a local fast server, & demo of the system is available at
hittpedfww e proteometrics.comd, The following server-side tools for searching public or propristary sequence databases are included in
FROWL for Intranet:

s ProFound - a tool for searching a protein sequence database using information from mass spectra of peptide maps. 4 Bayesian
algorithm is used to rank the protein sequences in the database according to their probability of producing the peptide map.

s PepFrag -a tool for searching protein or nucleotide sequences using information from fragmentation mass spectra of peptides.

s ProteinInfo - a tool for retrieval and analvsis of information from protein sequence databases, The capabilities of the analvsis tools
include peptide mapping, mass spectrometric fragmentation analysis, disulfide mapping, etc.

PROWL for Intranet includes two client-side applications (available for Windows 95 and NT operating svstems):

o M/Z -atool for analyvsiz of mass spectra obtained from protein chemistry experiments. M/Z emplovs an array of digital signal
processing techniques and novel interface desizgns that make the analyvsiz of protein mass spectra faster and easier,

o PAWS -a tool for analvsis of protein sequences and post-translational modifications, FAWS greatly facilitates the interpretation of
mass spectra of proteing and protein digest mixtures.,

Figure0.44 for local use of protein sequencing
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FindMod tool

FindMod iz a tocl that can predict potential protein post-translational modifications (FTM) and find potential single amino acid sut

The experimentally measured peptide masses are compared with the theoretical peptides calculated from a specified Svwiss-Frot/TrE
entered sequence, and mass differences are used to better characterize the protein of interest [Documentation / Mass values and con

Swrizs-Frot/TiEMEL 1D or AC or user-entered sequence:
PO4406

If vour protein is not in Swiss-Frot or TIEMEL, please specify (f known) the source of vour protein:
' Eukaryote or O Bacteria or O Archaea or © Vims ([ Phage).

(This information will be used to determine whether certain post-translational modifications are likely to occur in Your sequence.)

Enter a list of peptide masses and intensities (optional) that correspond to the specified

protein. Enter one mass, space and its intensity per line:

233,310 2180 833,260 833,378~ Ot upload a file from your computer, fror
0.016 00 will be extracted (supported formats):

Figure0.45 potential protein finding tool
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Module060: UNIPROT AND SWISSPROT

Both UniProt and SwissProt are the online database for proteins.

EMEL-EEBEI

The European Bioinformatics Institute

Part of the European Molecular Biology Laboratory

EMBL-EBI provides freely available data from life science experiments, performs
basic research in computational biology and offers an extensive user training programme,
supporting researchers in academia and industry.

Find a gene, protein or chemical:

Examples: blast, keratin, bfl1...

Figure0.46 gene, protein or chemical can be find

Sign in to NCBI

R9fseq RefSeq v H |

T |

HEE RefSeq: NCBI Reference Sequence Database

A comprehensive, integrated, non-redundant, well-annotated set of reference sequences including genomic,

| transcript, and protein.
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Advanced v | Q, search

BLAST Align Retrieve/ID mapping

Help Contact

The mission of UniProt is to provide the scientific community with a comprehensive, high-quality and freely accessible resource of
protein sequence and functional information.

UniRef

Sequence clusters

UniParc

Sequence archive

Proteomes

> Y NI

@V ] IS

Forthcoming changes Ney
Planned changes for UniProt

News

. e =
Swiss-Prot (= S
(549 003) UniProt release 2015_08
1
N . Pseudo-allergy, real progress |
_'I Manually Supportlng data Programmatic access to UniProt with
annotated and . o X spargl.uniprot.org | Addition of
Tzl Literature citations Taxonomy Subcellular locations human variants from COSMIC on the
| rI1 U
TrEMBL é o
(50101 1 =027) Cross-ref. databases Diseases Keywords .
_ UniProt release 2015_07 .
Automatically fé XXX -~ [
annotated and not -
B simune ~rchiva

Figure0.47 online database for proteins

SwissProt contains human curated protein information
U  Accession number, unique identifier
U0 The sequence
U Molecular mass

U0 Observed and predicted modifications

UniProtKB
Protein Knowledgebase
UniProtKB/Swiss-Prot
: R d 1 . -
UniRef e UniMES UniMES
Sequence clusters < A R Clusters
UniRef100 R oot Metagenomic and
environmental Cluster 100
UniRef90 UniProtKB/TrEMBL € sequences
X Cluster 90
UniRef50 Unreviewed #*
UniParc - Sequence archive
New, revised and obsolete sequences

EMBL/GenBank/DDBJ (Metagenomics), Ensembl, VEGA, RefSeq, PDB, MODs, other sequence resources

Protein sequences from various species and organisms can be found in uSipisgProt is the
manually annotated version of the UniProt Database
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Module 061 PROTEIN DATA BANK

Protein Data Bank is the premier resource of protein structurégsestructures have been
determined using experimental techniqués Opef&Free

- c

[ weanwer csb.org/pabshomeshomedo Q

An Infarmation Portal to
108263 Biological

=
-
PROTEIN DATA BANEK Macromolecular Structures

FPon

Search by PDB D, author, macromolecule, sequence, of ligk

Advanced Search | Browse by anotations

ank .Irﬂﬁ]"'“‘ StructuralBiology

A Structural View of Biology

Thiz resource is povered by the Protein Data Bank
archive-information about the 3D shapes of proteins,
nucleic scids, and complex assemblies that helps
students and researchers understand all aspects of
biomedicine and agricuture, from protein synthesis to
heslth and disease.

| Molecule of the Mo
A welcome

The RCSEB POB builds upon the data by creating tooks
and resources for research and education in
molecular biology, structural biology, computational
biolagy, and beyond

Structure and Health Focus: HIv

I Solid-state NMR structure of ubiquitin

2MSG 2o

i Dovvnload Ctation «

DOI:10.2210fpdbZmsgipdh

v n Structure Image

Structural heterogeneity in microcrystalline ubiguitin studied by solid-state HMR. #

Pri

Fasshuber, HK. -, Lakomek, M.A. -, Habenstein, B. -, Locuet, &, -, Shi, C.-, Giller, K. -, Wolft, S, -, Becker, 5. », Lange, A~
Journal: (2015) Protsin Sai

PubMed: 25644665

DOL: 10.1002/r0 2654 ¢

Search Related Articles in Pubhied bl

PubMed Abstract:

By applying [1-(13) Cl- and [2-(13) C]-glucose lsbeling schemes to the folded globular protein ubiguitin, a strong reduction of

spectral crovweding and increase in resolution in Folid-state MMR (33hMR) spectra could be achisved. This allowed spectral
resonance assignment in a... [ Read More & Search PubMed Abstracts |

& 30 view More Images

* Molecular Des:

Downloadable viewers:

Figure0.49 POCG47 UBB_HUMAN

Classification: Signaling Pratein -

Structure Weight: 5192 45 © Simple Vigwer Pratein Workshop

Molecule: Ubiguitin Hiosk Viewrer

Polymer: 1 Type: protein Length: 72

Chains: A 1 MyPDB Personal Annotations Hide

Fragment: UMP residuse 1-72

Organism: Homo sapiens - To zave personal annctations, please
Iagin o your WyPDE sccourt

Gene Hame: (=] tene ew for upE

UniProtKB: E Protein Feature Wew | Search PDB & | POCGAT & O iz 0 BT
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a0 vkw

- 8 pad Files «
i Dowvrnload Citation

Solid-state NMR structure of ubiquitin

MOTE: Use your mouse to drag, rotate, and zoom in and out of the structure, @) Structure Details @
Structure PLBE entry based on SOL ¥
Symmetry Type Global Symmetny v
Sumrmetry 1
Stoichiometry A

Select Orientation

Front

Select Display Mode @

Subunit

Symmetry

Custom Wieww

Figure0.50 POCG47UBB_HUMAN

ATCM 1 N MET Z 1 102.325% 111.862 92.452 1.00 78.64 N
ATCM 2 ChR MET R 1 103.332 112.1e> 23.51e 1.00 77.35 C
ATCM 3 C MET & 1 103.877 113.584 93.255 1.00 76.87 C
ATCM 4 © MET & 1 103.802 114.075 92.125 1.00 78.54 o]
ATCM 3 CB MET R 1 104.437 111.09% 93.455 1.00 78.31 C
ATCM & CG MET R 1 105.176 110.881 94.812 1.00 76.25 C
LTCM 7 8D MET L 1 106.505 112.076 95.116 1.00 76.95 3
ATCM 8 CE MET L 1 107.077 111.551 96.763 1.00 73.31 c
ATCM 9 W GLU & 2 104.404 114.235 94.252 1.00 74.31 N
ATCM 10 czn GLU 2 2 104.517 115.60% 94.211 1.00 70.70 c
ATCM 11 ¢ GLU & 2 105.963 115.509 93.143 1.00 €8.10 c
ATCM 12 GLU & 2 106.048 117.044 252.€83 1.00 €67.35 o]
ATCM 13 CB GLU & 2 105.464 116.053 95.574 1.00 75.97 <
ATCM 14 CcG GLU & 2 106.652 115.246 96.025 1.00 82.37 C
ATCM 15 CcD GLU & 2 107.263 115.682 97.378 1.00 83.76 C
ATCM le C©CE1l GLU 2 2 106.611 115.3%6 98.412 1.00 86.90 o]
LTCM 17 ©E2 GLU & 2 108.373 116.276 97.401 1.00 81.23 [o]
ATCM 18 N LSN L E] 106.78% 114.524 952.784 1.00 64.50 N
ATCM 1% cn ZsN 2 107.834 115.134 91.773 1.00 55.93 c
ATCM 20 c LSN & 3 107.381 114.767 90.360 1.00 55.41 c
ATCM 21 o© LSN & 3 108.15% 114.856 B89.416 1.00 53.33 [o]
ATCM 22 CB RSN L 3 102.08e 114.308 22.055 1.00 62.36 C
ATCM 23 CG RSN L 3 109.531 114.441 93.535 1.00 62.42 C
ATCM 24 0Dl RSN R 3 109.045 113.724 94.408 1.00 63.06 o]
ATCM 25 ND2 RSN L 3 110.484 115.326 93.787 1.00 62.31 N
ATCM 26 N EHE L 4 106.131 114.348 90.224 1.00 48.13 N
LTCM 27 CL PDPHE L 4 105.613 112.546 B88.5941 1.00 44.38 C
ATCM 28 C EHE L 4 104.326 114.601 88.521 1.00 48.72 c

Figure0.51 searched results

Protein Data Bank provides Cartesian coordinates of each atom in the protein struCuee
50,000protein structures are reported and present in this database
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Module 062 REVIEW OF SEQUENCE ALIGNMENT

We use next generation sequencing and whole genome sequencing to obtain the genetic
information. For protein sequencing we uskass Spectrometry and Etn Degradation

STORAGE:
U Sequence information is stored digitally
U Databases are designed to store sequence data

U Several databases exist depending on the type of sequence data

SHARING AND ACCESS
U Sequence databases are shared via online websites
0 Accessda several such websites is free

U Data can be downloaded or searched on these website

USAGE OF DATA

Sequence data can be used to obtain:
U Similarity of sequences
U Evolutionary History

U Predict the function of molecules
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Module 063 GENBANK

U Developed byswiss Bioinformatics Institute (SIB)

U Website provides access to databases and tools

U Proteomics, genomics, phylogeny, systems biology, population genetics, transcriptomics
etc.

S NCBI  Resources () How To (%)

GenBank Nucleotide v ‘ Search

GenBank » = Submit v | Genomes v | WGS v HIGs = | EST/GSS ¥ | Metagenomes * | TPA v TSA « | INSDC

GenBank Overview GenBank Resources

GenBank Home

What is GenBank? Submission Types
GenBank © is the NIH genetic sequence database, an annotated collection of all publicly available DNA sequences (Nucleic Acids Submission Tools
Research. 2013 Jan:41(D1yD36-42). GenBank is part of the International Nucleotide Sequence Database Collaboration , which comprises -
the DNA DataBank of Japan (DDBJ). the European Molecular Biology Laboratory (EMBL), and GenBank at NCBI. These three Search GenBank
organizations exchange data on a daily basis. Update GenBank Records

A GenBank release occurs every two months and is available from the fip site. The release notes for the current version of GenBank
provide detailed information about the release and notifications of upcoming changes to GenBank. Release notes for previous GenBank
releases are also available. GenBank growth statistics for both the traditional GenBank divisions and the WGS division are available from
each release. GenBank growth statistics for both the traditional GenBank divisions and the WGS division are available from each release.

An annotated sample GenBank record for a Saccharomyces cerevisiae gene demonstrates many of the features of the GenBank flat file
format

Access to GenBank

There are several ways to search and retrieve data from GenBank

Search GenBank for sequence identifiers and annotations with Entrez Nucleotide, which is divided into three divisions
CoreNucleotide (the main collection), dbEST (Expressed Sequence Tags). and dbGSS (Genome Survey Sequences)

Search and align GenBank sequences to a query sequence using BLAST (Basic Local Alignment Search Tool). BLAST searches
CoreNucleotide, dbEST, and dbGSS independently; see BLAST info for more information about the numerous BLAST databases.
Search, link, and download sequences programatically using NCBI e-utilities

The ASN.1 and flatfile formats are available at NCBI's anonymous FTP server: fip://fip ncbi nlm nih gov/nchi-asni and

ftp://ftp ncbi.nlm.nih. gov/genbank

.

GenBank Data Usage

Figure0.52 http://www.ncbi.nlm.nih.gov/genbank/

Several sequence, structure and molecular interaction databases €xeste are available
online on the webUsers can freely access and download such data
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Module 064 ENSEMBLE

' & KdzYly oNlIAY A& fAYAOGSR G2 NBYSYOSN YR
use online database for the storage of Molecular information.

ESEMBLE is genome search engine which is used to search the genome of every recorded
species.

http://asia.ensembl.org/index.html
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