' E ?JQSan‘Elf 0)y

, r 356
. httD //t egTantIab rg/blmm143



http://thegrantlab.org/bimm143

Recap From Last Time:

* Bioinformatics is computer aided biology.

» Deals with the collection, archiving, organization, and
interpretation of a wide range of biological data.

 There are a large number of bioinformatics databases (see
handout!).

 The NCBI and EBI are major online biocinformatics service providers.

e [ntroduced via hands-on session the BLAST, Entrez, GENE, OMIM,
UniProt, Muscle and PDB bioinformatics tools and databases.

* Muddy point assessment (see results)

* Also covered: Course structure; Supporting course website, Ethics
code, and Introductions...


https://bioboot.github.io/bimm143_W18/class-material/Major_Databases_BIMM143.pdf
https://docs.google.com/forms/d/e/1FAIpQLSdYH9G5gIVS2LawpMuOzAqgFo5f3NK4BaiPY9-O71FNEd-ycw/viewanalytics

Classifying
Databases

Today’s Menu

Primary, secondary and composite
Bioinformatics databases

Using Databases

Vignette demonstrating how major
Bioinformatics databases intersect

Major Biomolecular
Formats

How nucleotide and protein sequence
and structure data are represented

Alighment
Foundations

Introducing the why and
how of comparing sequences

Alighment
Algorithms

Hands-on exploration of alignment
algorithms and applications



Primary, secondary & composite databases

Bioinformatics databases can be usefully classified into primary,
secondary and composite according to their data source.

* Primary databases (or archival databases) consist of data derived
experimentally.
» GenBank: NCBI's primary nucleotide sequence database.
» PDB: Protein X-ray crystal and NMR structures.

« Secondary databases (or derived databases) contain information derived
from a primary database.
« RefSeq: non redundant set of curated reference sequences primarily
from GenBank
 PFAM: protein sequence families primarily from UniProt and PDB

« Composite databases (or metadatabases) join a variety of different primary
and secondary database sources.
« OMIM: catalog of human genes, genetic disorders and related literature
 GENE: molecular data and literature related to genes with extensive links
to other databases.



DATABASE VIGNET TE

You have just come out a seminar about gastric
cancer and one of your co-workers asks:

“What do you know about that ‘Kras’ gene the
Speaker kept taking about?"

You have some recollection about hearing of ‘Ras’
before. How would you find out more?

» Google?
e Library?
 Bioinformatics databases at NCBI and EBI!

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



http://www.ncbi.nlm.nih.gov/
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National Center for
Bictachnology Informalian

NCBI Home

Sign in to NCBI

- All Databases :

Welcome to NCBI

Resource List (A-Z)

DNA & RNA

Domains & Structures

Genes & Expression
Genetics & Medicine

Proteins
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Taxonomy

Trainipg &”Tulq(ialsw

Variation

Data & Software

The National Center for Biotechnology Infermation a~
and heallh by providing access to biomedica ~
W

* Submissions: Submit data ta GenBank ar ather NCBI
databases
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studies that link genes and diseases. s —
See study variables, protocols, and - =
s ¥ .
analysis. l e
€
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Bookshelf
PubMed Central
PubMed Health
BLAST
Nucleotide
Cenome

SNF

CGene

Protein
PuoCnhem

NCBI Announcements

RefSeq re/ease 69 available on

The full RefSeq release B9iis nc
available on the FTP site with 7«
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http://www.ncbi.nlm.nih.gov/

Example Vignette Questions:

What chromosome location and what genes are in the vicinity of a
given query gene? NCBI| GENE

What can you find out about molecular tunctions, biological
processes, and prominent cellular locations”? ER| GO

What amino acid positions in the protein are responsible for ligand
binding? EB| UniProt

What variants of this gene are associated with gastric cancer and
other human diseases” NCB| OMIN

What is known about the protein family, its species distribution,
number in humans and residue-wise conservation? EB| PFAM

Are high resolution protein structures available to examine the
details of these mutations”? How might we explain their potential

molecular effects?” RCSB PDB
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= NCBI Resources %) HowTo &

Search NCBI databases

ras

About 2,978,774 search results for "ras”

Literature
Books 1,677 beoks and reports
MeSH 402 ontology used for PubMed indexing
NLM 993 beoks, journals and more in the NLM
Catalog Collections
scientific & medical
PubMed 54,672 o
N abslracts/citations
Fabser 96,114 full-text journal articles
Central
Health
ClinVar 759 human variations of clinical
significance
- / - -
dbGaP 120 gcnqtype. chenotype interaction
studes
GTR 1,879 genetic testing regisiry

Genes

EST 3,985
Gene B7.,165
GEO

DataSets 3,72

GEO Profiles 1,622,789

HomoloGene 636
PopSet 2254
UniGene 4770
Proteins

Sign in to NCBI

expressed sequence tag
sequences

Help

collected informatian about gene

loci

functional genomics studies

gene expressicn end molecular

abundance profiles

homologous gene sects for
selecled orgenisms

sequence sels from pnylogenelic

and population studies

clusters of expressed transcripts
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& NCBI Resources ¥ HowTo ™ Sign in to NCBI
Gene ' Gene 4 ras

Save search Advanced Help
Show additional Display Settings: (v) Tabular, 20 per page, Sorted by Relevance  Send to: (V) Hide sldebar >>

filters
Filters: Manage Fillers
Clear all _
Did you mean ras as a gene symbol? W Top Organisms [Tres]
Gene Search Gene for ras as a symbol. omo sapiens (1712€)
sources .
Genomic Vius musculus (&
Mitochondria | Rattus norveglcus (625)
S Page af 4282 Next>  Last>>  Oregchromis niloticus (533)
P|agsmids Results: 1 to 20 of 85633 Neolamprologus brichardi (507)
Plastids @ Fiters activated: Current only. Clear all to show 87185 items. All other taxa (82079)
More...
i-ategories Name/Gene ID  Description Location Aliases
Alternatively spliced
Annotated genes L ras resistance fc asr Find related data =
Non-coding ID: 19412 audiogenic Database:
Protein-coding seizures [Mus " Select B
Pseudogenea musculus
(house mouse)]
Sequence
content L ras respberry Chromasome X, Dmel CG1798,
CCDS ID: 43873 [Drosaphila NC (004354.4 CG11485, .
Ensembl melanogaster  (10744502..10749067)  CG1799, Search details _
RefSeq (Fruit fly)] DmelCG1799, | |rz5[All Fields] AND
EP(X)1093, alive|property]
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¢ C' 1) wwwvncbl.nim.aningov/gene Qv m @ o=
& NCBI Resources ¥ HowTo ™ Sign in to NCBI
r 1|
Gene  Gene 4 (ras) AND "Homo sapiens"[porgn:__txid9606]
- S— - ol | Help
Show additional Display Settings: (v) Tabular, 20 per page, Sorted by Relevance  Send to: (V) Hide sldebar >>
filters
Filters: Manage Filters
Clear all Results: 1 to 20 of 1126 Pege 1 of§7 Next> Last>>
Gene @ Filters activatec: Current only. Clear all to show 1498 items. Find related data =
sources Database:

) 'Y
Genomic Name/Gene ID  Description Location Aliases | M
Cataegories . NRAS neuroblastoma Chromosome 1, RP5-

Alternatively spliced ID: 4883 RAS viral (v- NC_000001.11 1000E10.2,
Annotated genes ras) oncogene  (114704464..114716884, ALPS4,
Non-coding nomolog complement) CMNS, N-ras, Search details -
Protein-cading [Homo NCMS1, NS8, \(ALL Fields] AND 'H
Pseudogene saplens NRAS ;:;iens" [;rg:] A;?D ono
Sequenca (human)] alive|[property]
content [ KRAS Kirsten rat Chromosome 12, C-K-RAS,
CCD3 ID: 3845 sarcoma viral  NC_000012.12 CFC2, K-
Ensemol oncogene (25205246..25250923,  RAS2A, K- ( Search.
RefSeq homoiog comp'ement) RASZB, K- e See mora..
Status dear [HO"?O RA§4A, K-
sapiens RASA4B, Kl-
v Current onl
y (human)] RASH. Recent activity 2
Chromoscme locations KRASZ, NS, Tum Off - Cleer
Cnlont NS DACKD ~

10




1 AND 2

1 OR 2

1 NOT 2

ras AND disease
(1185 results)

ras OR disease
(134,872 results)

ras NOT disease
(84,448 results)

11
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= C ) wwwncbl.aim.ningovigene

= NCBI

Resources [¥' How To

Gene

. N
filters

Clear all

Gene
sources

Genomic

Categories

Alternatively spliced

Annotated genes
Non-coding
Protein-cading
Pseudogene

Sequenca
content

CCDsS
Ensembl
RefSeaq

Status
v Current only

Chromoscme locations

Cnloed

- Gene

Name/Gene 1D

. NRAS
ID: 4893

. KRAS
ID: 3845

Sign in to NCBI
4 ‘(ras) AND "Homo sapiens"[porgn:__ txid9606)
Save search Advanced Help

Results: 1 to 20 of 1126
o Filters activatec: Current only. Clear all to show 1488 items.

Description

neuroblastoma
RAS viral (v-
ras) oncogene
nOMOe 0g
[Homo
saplens
(human)]

Kirsten rat
sarcoma viral
oncogene
homo/og
[Homo
sapiens
(human)]

Pege 1

Location

Chromosome 1,
NC_000001.11

(114704464..114716884,

comp'ement)

Chromosome 12,
NC_000012.12

(25205246..25250923,

comp'ement)

Display Settings: () Tabular, 20 per page, Sorted oy Relevance Send to: (V)

of 87 Next>

Aliases

RP5-
10D0E10.2,
ALP54,
CMNS, N-ras,
NCMS1, NSB.
NRAS

C-K-RAS,
CFC2, K-
RAS2A, K-
RASZB, K-
RAS4A, K-
RAS4B, KlI-
RAS1,
KRASZ, NS,

NS DACWKD

-ast>>

Hide sldebar >>

Filters: Manage Filters

Find related data -
Database:

- Select H

Search details =

ras[All F_lelds] AXD "Homo
sapiens” [porgn] AXND

alive|[property]
‘, Search See mara...
Recent activity 2

Tum Off Clesr

12
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¢ C' LI wwv.ncblnim.nih.gov/gene/3ad4s Qv m P o=
Sign in to NCBI
Gene  Gene 4
Advanced Help
Display Settings: (v| Full Report Send to: () Hide sidebar >>

Table of content
KRAS Kirsten rat sarcoma viral oncogene homolog [ Homo sapiens able of contemts

(human) ] Summary

Genomic context

Gene |D: 3845, updeated on 4-Jan-2015 Genomic regions, transcripts, and

products

+ Summary 217 X Biblingraphy

Phenotypes

Official Symbol KRAS provided by HGNC
Variation

Official Full Name Kirsten rat sarcoma viral oncogene nomelog provided by HGNC

Primary source HCGNC:HGNC:6407 HIV-1 interactions

Seerelated Ensempl:ENSG00000133703; HPRD:01817; MIM:190070; Pathways from BioSystems
Vega:0TTHUMGO00000171193 Interactions
Gene type protein coding General gene infarmation
RefSeq status REVIEWED Markers, Related pseudogene(s),
Organism Homo saplens Homolagy, Gene Ontalogy

Lineage Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini; Catarrhini;
Hominidae; Homo

v Also known as NS; NS3: CFC2; KRAST; KRAS2; RASK2; KI-RAS; C-K-RAS; K-RAS2A; K-

General protein information

NCBI Reference Sequences
(RefSeq)




= <FAS Kirsrar sar anenmn %

~ C | wwavncbl.aim.ningov/gena’asds Q vy

Help

Example Questions:
What chromosome location and

Hide sldebar >>

what genes are Iin the vicinrty!

Gene |D: 3845, updeted on 4-Jan-2015

-~ Summary

Official Symbol
Official Full Name

Primary source
See related

Gene type
RefSeq status
Organism
Lineage

Also known as

KRAS provided by HGNC

Kirsten rat sarcoma viral cncogene homelog provided by HENC
HCNC:HGNC:6407

Ensembl:ENSG00000133703; HPRD:01817; MIM:190070;
Vega:OTTHUMGO00000171183

protein coding

REVIEWED

Homo sapiens

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini; Catarrhini;
Hominidae; Homo

NS; NS3: CFC2; KRAST; KRAS2: RASK2; KI-RAS; C-K-RAS; K-RAS2A; K-

Table of contents

Summa

enomic regions, transcripts, and

products

Bibliography

Phenotypes

Variation

HIV-1 interactions
Pathways from BioSystems
Interactions

General gene infarmation

Markers, Related pseudogene(s),

Hemaology, Gene Ontalogy

General protein information

NCBI Reference Sequences
(RefSeq)

14
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C | wwv.ncbl.nim.nih.gov/gena/ad4s#genamic-context

~ Genaomic context

Location:

12p12.1

Exon count: 6

Annolelian

Status Assembly Chr
release
106 current GRCn38 12
(GCF_000001405.26)
105 previcus GRCnh37.p13 12
assembly (GCF_000001405.25)

A7?

See KRAS in Epigenomics, MapViewer

g |uuu, U] IU|8UL \uul.}

BicAssay by Target (Summary)
BioAssay, by Gene target
BicAssays, RNAI Targel, Aclive

- BioAssays, RNAI Terget, Tested

Loecatian

NC_000012.12
(25205246. 25250923,
complement)

NC_000012.11
(25358180..25403870,
complement)

BioProjects
BiaSystems

Books

CCDS

ClinVar

Conserved Domains
dbVar

EST

Chramasame 12 - NC_00D012.12

[ 25052101 B

[ 25496297 b

LRHP LYRHS

-~ Genomic regions, transcripts, and products

LOCL00421617
RPLIOF2T

Go lo reference sequence delails

Genomic Sequence: NC_(000012.12 chromoscme 12 reference GRCh38 Primary Assembly —|

Go to nucleaotide:

Graphice FASTA GenBank

w1 wka o~

Full text in FMGC

Full text in PMC_nucleotide
Gene neignbors

Genome

GEO Profiles

GTR

HomoloGene

Map Viewer

MedGen

Nucleotice

15
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= C' ) wawvncbl.aim.ningov/genasdads

What ‘molecular functions’, ‘biological

Example Questions:

processes’, and ‘cellular component’
information Is avallable?

Official Symbol
Official Full Name

Primary source
See related

Gene type
RefSeq status
Organism
Lineage

Also known as

KRAS provided by HGNC

Kirsten rat sarcoma viral cncogene homelog provided by HENC
HCNC:HGNC:6407

Ensembl:ENSG00000133703; HPRD:01817; MIM:190070;
Vega:OTTHUMGO00000171183

protein coding

REVIEWED

Homo sapiens

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini; Catarrhini;
Hominidae; Homo

NS; NS3: CFC2; KRAST; KRAS2: RASK2; KI-RAS; C-K-RAS; K-RAS2A; K-

Hide sldebar >>

Table of contents
Summary

Genomic context

Genomic regions, transcripts, and

products

Bibliography

Phenotypes

Variation

HIV-1 interactions
Pathways from BioSystems

Interactions

General gene infarmation

Markers, Related pseudogene(s,

Hemology, Gene Ontalogy

General protein information

NCBI Reference Sequences
(RefSeq)

Help
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Function Code Fubs

GDP binding IEA

GMP binding IEA

GTP binding IEA

LRR domain binding IEA

protein binding IPI PubMed

pretein complex binding IDA PubMed
lkems 1 - 25 of 33 Page 1 cf2 Next>

Process gﬁ:”"e Pubs

Fc-epsilon re r signaling pathwa TAS

GTP catabolic process IEA

MAPK cascade TAS

Ras protein signal transduction TAS

actin cytoskeleton organization IEA

activation of MAPKK activity TAS

axon guidance TAS

hlinnd coamilation

<




GO: Gene Ontology

GO provides a controlled vocabulary of terms for describing gene
product characteristics and gene product annotation data

= KFAT KIraran af anmnmn - % ‘LUrEmEGOA < FMAL-FRI x

2 ) wwv.ediac.uk/GOA Qyy m @ i

EMBL-EBI Services Research Training About us

UniProt-GOA

Overview New to UniProt-GOA | FAQ Contact Us

Gene Ontology Annotation Meny
(UniProt-GOA) Database tham——

2 Annotation Methods

The UniProt GO annotation program aims to provide high-quality Gene ¢ Annotation Tutorial
Ontolagy (GO) annotations to proteins in the UniProt Knowledgebase ¢ Manual Annotation Efforts
(UniProtKB). The assignment of GO terms to UniProt records is an integral
part of UniProt biocuration . UniProt manual and electronic GO annotations
are supplemented with manual annotations supplied by external collaborating
GO Consartium groups, to ensure a comprehensive GO annotation dataset is
supplied to users .

1 Reference Genome
Annotation Initiative

o Cardiovascular Gene
Ontology Annctation
Initiative

» Renal Gene Ontology

""""""""""""""" Annotation Initiative

~ BvAncAamo (ono

(=]
—_—

18


http://www.geneontology.org/GO.downloads.ontology.shtml

Why do we need Ontologies?

* Annotation is essential for capturing the understanding and
knowledge associated with a sequence or other molecular entity

* Annotation is traditionally recorded as “free text”, which is easy
to read by humans, but has a number of disadvantages,
including:

» Difficult for computers to parse
» Quality varies from database to database
» Terminology used varies from annotator to annotator

* Ontologies are annotations using standard vocabularies that try
to address these issues

* GO is integrated with UniProt and many other databases
including a number at NCBI

19



GO Ontologies

* There are three ontologies in GO:.
» Biological Process
A commonly recognized series of events
e.g. cell division, mitosis,

» Molecular Function
An elemental activity, task or job
e.d. kinase activity, insulin binding

» Cellular Component
Where a gene product is located

e.g. mitochondrion, mitochondrial
membrane

20



Evidence

Function Code Fubs

GDP binding

GMP binding ( ) '
S The ‘Gene Ontology or GO s

LRR domain binding actually maintained by the EBI so lets

protein binding

switch or link over to UniProt also

pretein complex binding
from the EBI.
Process
Fc-epsilon receptor signaling pathway TAS
GTP catabolic process IEA
MAPK cascade TAS
||

Ras protein signal transduction TAS : Sch)l | d OWﬂ JEO
actin cytoskeleton organization IEA - '

¥ UniProt link
activation of MAPKK activity TAS
axon quidance TAS

hlnnd coanmiilation TAS



UniProt will detall much more

information for protein coding genes

I such as this one

C | wwv.ncbl.nim.anih.govigene/ad45#gene-cnto ogy

genomic X01669.1 CAA25828.1
Fems 1 -250f 43 Page 1 cf2 Next>
Links
Frotein Accession GenPept Link UniPratKB Link
i . Scroll down to
s Very bottom for
~ Additianal links 2|7 v UniPI"Ot |iﬂ|<

You are here: NCBI > Geres & Expression > Gene Wite to the Help Desk
GETTING STARTED RESOURCES POPULAR FEATURED NCBI INFORMATION
NCE! Education Chemicals & Dloassays PucMed Genetic Testing Reglstry Adout NCE!
NCE| Help Manuel Data & Software 2ockshalf PubMed Hesalth Reseerch at NC2I
NCE| Hendoook DNA & RNA PucMed Central GCenBank NCEI News
Training & Tutcrials Domains & Struclures PuzMed Health Reference Sequerces NCEI FTP Site

Cenes & Expression SLAST Gene Expression Omnibus NCEI cn Fecebock

Cenelics & Medicna Nucleotice Map Viewer NCEl cn Twiller

Cenomes & Maps Genome Humean Gencme NCBl cn YouTube

Homology SNP Mouse Genome

~terature Gene Influenza Virus

Proteins Froein Primer-BLAST

Sequence Analysis PucChem Sequence Read Archive

Taxoromy




UniProt will detall much more

information for protein coding genes

S ARAS - STPane <Faa proc X

= | wav.uniprot.ogiunipre P01 116 QY B @ 0=

UniProt 3
o0

BLAST Align Retriava/ID Mapping Healp Contact

FP0O1116 - rask HUMAN

Protein GTPase KRas
Gene KRAS
Organism Homo saplens (Human;

Status

*® Feedback B Help video

Function

a Ras proteine hind GDF/GTP and possese Intrinslc GTPase activiry. Plays an Impartant role In the regulation of cell

proliferation (PubMed:23698361, PubMed:22711838). & 2 publiczdcns = 4 Curated
|
Enzyme regulation
Alternates between an inactive form bound to GOP and ar active form bound to G7F. Activated by a guanire

' nucleotide-excharge factor (GEF) and Inactivated by a GTPase-actlvating proteln (GAP). Intaraction with SOS1
pramotes exchange of bound GDP by GTP. & 3 2ublzatons «

Reglons

Graphical Feature
Feature key Pasition(s) Length Description view identifier

a Nucleotice blncmg 10 - 18 91GT3 # 2 Publicabens - |

a SEQUENCES (2) Nuclectice bmcmg 1 29 - 35 TEGTD # 2 Publicaions « |
ﬂ Nucleatide bincing! 59 - 60 2 jGTa # 2 Publicalions « :

Actlons




UniProt will detall much more
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L ARAT - STPane <Faa preo

information for protein coding genes

X

2 ) wwv.uniprot.og/uniprcyPC1116 Qy M| @ 1 =

-
~*%

UniProt ¢
LK

BLAST Align Retriava/ID Mapping Healp Contact

FP0O1116 - rask HUMAN

Protein
Gene
Organism

Status

a
G o

a FAMLY & DOMAINS

a SEQUENCES (2)
ﬂ CROSS-REFERENCES

| GTPase KRas

KRAS
_A Homo sapflens (Human;
| B Revienes - 20000 View FASTA
"\BLAST' l'AIignl : | an "ol flle format B Help video
Function ,

>sp|P01116 | RASK_HUMAN GT?ase KRas OS=Homo sapiens GN=KRAS PE=1 SV=1
Ras proteins bind GEF/GTP and pe  yrpy gy v/veAGGVGKSALTIGLIQNEFVDEYDPTIEDS YRKQVVIDGETCLLDILDTAG
proliferation (PubMed:23698361, f DEEYSAMRDQYMRTCECGFLCVFAINNTKSFEDIHHYREQIKRVEDSEDVPMVLVGNKCDL

lati ; PSRTVDTKQAQODLARSYGIPFIETSAKTRORVEDAFYTLVREIRQYRLXKISKEEKTPGC
Enzyme regulation VKIKKCIIM

Altermnates betwaen an ingctive for

nucleotlde-excharge factor (GEF)
pramotes exchange of bound GDP by GTP. & 3 2ublzatons «

Reglons

Feature key Pasition(s) Length Description ;:hital :::::':er Actlons
Nuclectice bincing' 10 - 18 9;GT3 # 2 Publications + |

Nuclectice binr:ingi 29 - 35 7§GT3 # 2 Publications « |

Nuclestide binging! 59 - 60 2 GT? 2 Publications '




UniProt will detall much more

information for protein coding genes

S ARAS - STPane <Faa proc X

= | wav.uniprot.ogiunipre P01 116 QY B @ 0=

UniProt 3
o0

BLAST Align Retriava/ID Mapping Healp Contact

FP0O1116 - rask HUMAN

Protein GTPase KRas
Gene KRAS
Organism Homo saplens (Human;

ﬁ Aeviewed - @®@®®E | -y sacimantal evidence at protain levell
N BLAST T align & Format @ Add to basket @ History "® Feedback E Help video
Function

a Ras proteine hind GDF/GTP and possese Intrinslc GTPase activiry. Plays an Impartant role In the regulation of cell

proliferation (PubMed:23698361, PubMed:22711838). & 2 publiczdcns = 4 Curated
|
Enzyme regulation
Alternates between an inactive form bound to GOP and ar active form bound to GTF. Activated by a guanire

' nucleotide-excharge factor (GEF) and Inactivated by a GTPase-actlvating proteln (GAP). Intaraction with SOS1
pramotes exchange of bound GDP by GTP. & 3 2ublzatons «

Reglons

view identifier

a Nucleotice bincing! 10 - 18 91GT3 # 2 Publicabens - |

a SEQUENCES (2) Nuclectice t)inr:ingi 29 - 35 TEGTD # 2 Publicaions « |
ﬂ Nucleatide bincing! 59 - 60 2 jGTa # 2 Publicalions « :

'm Feature key Position(s) Length Description -l'ﬂll'llt'al F eam,'e Actlons
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L ARAS - STPase <Faa proc X

2 ) wwv.uniprot.og/uniprcyPC1116 Qy M| @ 1 =
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UniProt ¢
e

BLAST Align Retriava/ID Mapping Halp Cantact

PO1116 - rask Human Example Questions:

Protein I GTPase KRas
Gene KRAS
Organism | Homo saplens (Human);

Status | B Reviewed - 59500 respormble for GTP bmd|ng7

Function

a Ras proteine hind GDF/GTP and possese Intrinslc GTPase activiry. Plays an Impartant role In the regulation of cell

proliferation (PubMed:23698361, PubMed:22711838). # 2 Publiceacns - 4 Curated
~
Enzyme regulation
€ |PATHOL./BIOTECH Altermnates between an inactive form bound to GDP and ar active form bound to GTF. Activated by a guanire

nucleotlda-excharge factor (GEF) and Inactiveted by a GTPase-activating proteln (GAP). Interaction with SOS1
pramotes exchange of bound GDP by GTP. & 3 2ublzatons «

oo
Reglons
e )

m Feature key Position(s) Length Description _rapmcal F eam,'e Actlons

view identifier

a Nuclectice t)incingl ‘ 10 - 18 9 GT2 # 2 Publicabions « ’ l

GEQlENCEG(:z) Nucleotice t)inr:ingi 29 - 35 7fGT3 # 2 Publicatons « ’ |
ﬂ Nucleatide bincing! : 59 - 60 2 GT? & 2 Publicalions «

What positions in the protein are

< -




Example Questions:

What variants of this enzyme are

eace [ LARAS - OTPane <Faaproc K

5 @ L wmbrropnerre 1 involved In gastric cancer and other
Pathology & Biotech human diseases7

Involvement in disease’
LEUKEMIA, ACUTE MYELOGENCJS (AML)

[MIM:601625]: A subtyps of acute leLkamla, 2 cancer of the white blooc cells. AML Is 2 melignant disezse of bone
marrow characterized by maturaztionzl airest of hematopaetic precursors at an early staga of development. Clonal
axpansior of myelcid blasts occurs in bone merrow, bicod, end other tissue. Myelcgenous leukemias develop from
charges In celle that normally praduce reutraphlls, basagphlls, eosirephils and monocytes. ¢ 1 Publivaiv -

Note: The diseese is ceused by mutations afecting the gsne represented in this entry.

Graphical Feature

Feature key Positlon(s) Length Deascriptian e identifier

Actlans

Neturzl varignt! 10 -10 1 G — GC in one individual with | VAR 034601
AML; expresslon In 3T3 cell
causes cellular transformation;
a SEQUENCES (2) expresslon In COS cells activates
= p— - the Ras-MAPK signzling
._ pathwey; lower GTPase activity;
fasrer GDP clssoclation rate.
# 1 Publicetion
a MISCELLANEOUS LEUKEMIA, JUVENILE MYELOMONOGYTIC (JMML)

[MIM:607785]: An aggressive peciatric myelodysplastic syndrome/myelopreliferztive disorder characterized by
malignant transformation In the hematopoletic stam call compartment with preliferation of different/ated progeny.
Patients have splenamegaly, enlzroed lymph nodes, rashes, and hemorrhages.

Note: The diseese is ceused by mutations a‘fecting the gzne represented in this entry.

Noonan sync=aoMe 3 (NS3)

[MIM:609942]: A form of Noonan syndrome, a disease characterized by short stature, faclal dysmorphlc features such
as hyperzelarism, a dowrwzrd ayeslant and low-set posteriorty rotated ezrs, arc a high incidence of congenizal heart

<




Example Questions:

Are high resolution protein structures

L ARAS - STPane <FAa prec X

& C Lwewpotogunpororis avallable to examine the details of

Struct .
el these mutations?

Secondary structure

.
Legend: [ Helix JTurn  Bete stranc
rd |SUBCELL ATION .

I S Show more details

3D structura datahases

P son (A i tons  2DBs
destinaticns: Entry Method Resolution (&) Chain Pusitions DBsum
rl|INTERACTION @ PDsSe! 1D8D X-ray 2.00 P 178-188 [2]
¢ RCSC FOB' B 1paE X-ray 3.00 P 178-188 [»]
(@)
L e e X-ray 2.20 C 169-173 [#]

FAMLY & DOMAINS

1KZP X-ray 2.10 C 169-173 (%]
a SEQUENGES (2)
3GFT X-ray 2.27 A/B/C/D/E(F 1-154 (2]
4DSN ' X-ray 2.03

A

aDsa X-ray 1.85 A

4EPR X-ray 2.00 A

a AEPT  X-ray 2.00 A

:a‘lll:l.3lsllllllllAl

aTop 4EPW -ray .70 A ° °

""""" 4EPX X-ray 1.76 A o pen I n k In
4EPY X-ray 1.80 A a hew tab'
4L3G X-ray 1.52 A °
4LD] X-ray 1.15 A

4LPK X-ray .50 A/B




Lets view the 3D structure:

- | Can we find where In the structure
.| our mutations are located and infer
ke e their potential molecular effects?

ijome

An Information Portal to Search by PDB ID. aut : 1 lo. SeaUE e
. a searcr ! FUB autnor Omo &4 < Ca 0 ca
1337598ldoglcal 22darcn by ,AUNoer, meacrom >U quen , Or IV(

— - Macromolecular Structures
P ROTEIN DATA BANK Advanced Search | Browse hy Anantatinng

et spDE @00 im0 i

Annotations Sequence Sequence Similarity e View PDB %

file format

) ® Download Filas »
4EPV

Discovery of Small Molecules that Bind to K-Ras and Inhibit Sos-
mediated Activation

DOI: 10.2210/pdbdepv/pob

Literature

Biological Assambly 1

Classification: HYDROLASE

Deposited: 2072-04-17 Released: 20" 2-05-23

Deposition author(s): Sun, Q., Burke, J.R, Phan, J., Burns, M.C., Olejniczak, E.T., Waterson,
AC. Lee, T, Rossanese, O.W. Fesik. S.W.

Organism: Homo sapiens
Expression System: Escherichia coli
Mutation(s): 1

© View in 30: NGL or J3mol {in Browser) Experimental Data Snapshot wwPDB Validation K 3D Report | Ful 3eport

— — Method: X-RAY DIFFRACTION Me=zric Percertils Rarnks Vahue



Lets view the 3D structure:

Can we find where In the structure
our mutations are located and infer
I setheeeitne  their potential molecular eftects?

4EPV

Discovery of Small Molecules that Bind to K-Ras and Inhibit Sos-
mediated Activation

Note: Use your mouse to drag, rotate, and zoom in and out of the structure. Click to Display Options
identify atoms anc bonds.

Assembly © Biessurnoly 1

@ Download Files ~

Disglay Files «

Zond: I(JLYIL_ A0 - [GLYP2AC

Model &  Model 1

Symmetry © Nona T ﬁ
Style © Cartoon H
Color € Raintow
Ligand @  Mone

Quality © Autcrmatic

Water © lons ©

v Hydrogens © Clashes ©

m



Back to UniProt:

What is known about the protein family,
£ 5 € s wesnemraganeror its species distribution, number in humans

iaiowo -

P-‘%‘P'-@X ------- o mewe of - aNd residue-wise conservation, etc... !

lec—am' TF

l
Family and domain databases

Sene3D! 03.40.50.300. 1 hit.

IrlerProt  TPR027417. P-loap_NTPase.
- IPROD5225. Small GTP-bd dom.
IPROD:A0G. Small_GTPase.

IPRO20349. Small GTPase Res.

Qe
T PFAM is one of the best
protein family databases

[Crephical view]
PTHRZ24070. PTHR24070. 1

'PFO0071. Ras. 1 hit.
[Grazphical view]

PANTHER'

€4 | SEQUENCES (2) .
PRINTS*

rJ| CROSS-REFEREN ,

| cross rereReNces | SMART! |SMO0173. RAS. 1 hit.

SUPFAM! SSF52540. SSF52540. 1 hit.

a TIGRFANs! TIGRO0231. small GT2. 1 hit.
1 - %

FROSITE! PS5142:. RAS. 1 hit.

[Crephical view]

'PRO0445, RASTRNSFRMNG.

Sequences (2)

Sequence status': Camplete.
Seguence processing’: The displayed sequence is further processed into @ mature form,

This entry describes 2 iscforms! produced by alternative splicing. l’AIign

-




Example Questions:
What is known about the protein family,

__ o —| 1ts species distribution, number in

) P p——— humans and residue-wise conservation,
EMBL-EBI§

HOME ?

Family: Ras (PF0O0071) = o A = -

amre H
332 archRectures 21243 sequenles 30 ineractots 1006 spelies GG3 stucues

[Summary Summary: Ras family

Domain organisation

Prame inclucter annatariang 219 2dditional fmily infermatian fram 2 range of 2 Nerert aouresa. Theae cearcns can be aeesssed vin tho 1200 he ow.

Clan

Alignments Wikipadia: Ras subfamily  Wikipedia: Ras superfamily Pfam  InterPru
HMNM logo T1is is the 'Wikipedia entry entitled " 2as subtamilv o', Hore...

Trees

Ras subfamily

This ert.clais about p217Ras protein, For the p2L/wall protzn, sea p21,

Ras ¢ hs name < vanty a ram |y of €latec mobeins ahich is ubiqu Jously expressed in all cell Ineaces anc wrqans. Al Kas
protein femily meamoers ddory te a dass of protein called smal ETPase, and arg involved in transmitting signals with » cells
Structures oo slar s ognel tronezde stion ). Ras s che arototypical member of the Ras ceoneefun by of preseies, which coe sl eelated e 30
stracture and requlate diverse cell behay oars

Jump to... i Tre name 'Kas 15 an abb-eviction ol 'Rat zarcema’, retlezbire the way the wst members or the protaia ramily ware discovered.
Tre name ras 1s ala¢ Jsexd 1o etz to the tamily of ¢enes = xiing those crota ns.

IE m Vimen 2as is switched o' by incoming signals, L subzaguently switthes on other prote rs, wit ch ult mataly trn on geres

irmve vedd e el grmowth, ciferentiation aec arvival, As o resct, mcbstions inosas genes cen leee to the prodoct on of

permenently activatec Ras prateins hiz can ca_ze ur ntended =nd dveractive zignallir ingicz tha cell, 2ven in the gbzence of

incoming sicnals.

Bureust these signaks result nocell grewth end divic on, overactive Ras signaling tan ultirate y lead w concer, = The 3 Ras
GOrAtin ~umaan (KNS, KRAS, and NRAS) ame rae mast camman 2nengrnes in humnn canesr, mutatiars that pesmaner iy

, - - o . _ _ . . H-Ras structare PDB 1210, surfoce
activere tas ere fMUNd in 20%  Z3% of all homar tumers ard up o 30% n cartair tvp2s: of Zancer [e.9., pe~reatc carcer.

2 ) . . i . - . rnloend 2y mnsesvatan in Plam ceed
=/ For this regzcn, 2as innibiturs a7 seing studiad g 4 treatment for cenoer, and other disweses w Lh Ras overaxpraes on. 2 CAment: €04, mest conserved ¢atk

Conlenls [Ligg” <van, l2ast cczarved,

! Hismry Identihers
Pl B SR Symbal RAS
3 Furcton Pfam —

3.1 L=3vatior snd deactivadon p——

3.2 Membrera allach ment InterPro IPRO13753 ¥
4 MHemrbes PROSITE 2DOCCCL? o
s REs o ocAnrsr scop op21? )

.1 Inappmpe 2 activat an ; - i
2.2 Lonstit avelv act ve Has SEErrANLY el




Example Questions:

What i1s known about the protein family, its

L ARAS . STOAne <Faapres k0 FaPiam: Familys Py

species distribution humber in

« e nmnsmeeeresecd  [UINNANS and residue-wise conservation,

Summary

Comain organisation
Clan

Alignments

HMM logo

Trees

Curation & model

| species

Interactons
Structures

Jump to... &
|mtur 1D uue m

Species distributi

Sunburst Tree

Sunhurst controls

Huol

Wi

F KR

MeE202
-LLF'D.\ gl
Yammalia
mmek:3
g = 10 FH

Fomz
FOmT SAPRTA

Weight segments by...
© number of sequencos

nurnber of spedes
Change the sire of the sunbhurst
Ell Largn
Colour assignments
' Arcnhza . Eukayota

Bactarha . Other sequanze:

. Vinima, Hin=le aeidins
. viroizs Unzlzaziice szquenes

Selactions
AlOn selected saquencss: ¢ 1MM
Generats o FASTA-formas e

Cluar selection

Currenlly seloctnd:

+ 521 seguonces

e 1 9peces

Note: seladion Wo s S 0w ey s i poo-up
w ndows. Pleese dsab ¢ 2op-up Blockes.




Example Questions:
What i1s known about the protein family, its

LARAS . STPane <Faaproc ok KaPam: Famiy: Py

| species distribution, number In humans and
£ ¢ b roee | pragidue=-wise conservation, etc. .. !

Summary Species distributi
Comain organisation

Clan

Alignme - ‘ | can find the Sunhurst controls o

HMM o
9
Trees

Curation EMBL-EB' 5, ] o

Alignmant for selected sequences vammalia
Interact Fimee2
Mo il
Structun  Current y showiowg raows 1 1o 30 of 526 nows i this aignment. Show an rawe of al'gneeoent Fomz

oM SAPRTA

PP : PO ; P T N AR
e T L . AR
RS TS e I, A
...... e PR ... .S, .D3aNE. 0. .

b=

211234/ 6=10%8 .
Jumpt Sizseie .
QIADERSIR-204 ne

|mr IDfsse QOANART-173

~

S

Weight segments by...

© number of sequencos

2152583/5-17:5 5 LIcecaniBavrccne¥PecvnniZaoNesd i - A T e
ODIZS&/21w251 .. Lo GosgualTTeLy. . .. .. R ¥T......0..K..EH.K... ; number of spodkcs

QLIBLT 3134 . B - PP - SO R..¥..EE.F.... ...m'ms:‘f: Change the sire of the sunhurst
PIAT 1 /5167 e ¢ X ... e Pllccsans N T <. . FYRKF M. .. .. S :
251183/0-171 . ~ B I e F et I e LT et E e B « FEIRTNOIZ..... 6 =1
255040/77-211 « F§ 3 BRY e caeiZaroencRhice sosiGvhDe e 5¥eDe o o « 5. D-CEVL . GED, . . TXX

I L o P de | . - TN SR b [ G..%..ET.G....P.ZAEAAD. weH.. . TYDRECVHL. .. ..

Z01216/5=162 N CTEAVETEET PRV SR Nt Lloeoao Go.n. v, . .. 0.3v0HL . «ED. . 3xxuclvic... .. Colour assignments

0T f21 =152 . daaealaecass Y oaeas Koo b DB.K. .. .=l .Goa. . crreRuR . .. ..

0OULC3/L1-171 . OveveeiRerseei¥Cnon Kool IR 1. K. DY Gl L rL3ROZOM,. .. .. ""”’“" .k"““"""
014807/15-177 . TecsnniQuonensPleconniQaoXealleVe cucPDYDENT . ~ED. .  SYSEN=EID e ue oo

QUNXE T/ Tm 20 - eeRevceecc¥l......E..R..B).2....D.7=¥ .G!.k...t‘!:.KCG---..... | Bactsrh .“’"-’“3‘-““
QO0EZ /35201 B Y™ JAPP T S - B SRR ST ', SR SO VIET R SN LR i =

05905/ 9-174 N U TR TTR F Blaceans ;I ...... He. ... .. B vl cGaa. . crlakuRr Sl .. .. | ."“h"* Hnsle seifins
2512409/.0-175 . 3 vevaesiGarnensYMecrnniBe X BB L. o ¥ OXKNEI . GAD, . .FLTRE

0OULK5/65-227 « « VLY 3 e naiRannnne R EnniennsOanfleniiletise s AGTEL WGID, . FRNEVLO¥D ... .0 .wot:a Unzizazifics stquence
255735 /2del3k .. N N s T n..;.. £....H.DSRWI.CE...

25153/ 1«15 . ccsniQocsane¥Pescaniba e s ElcN: < o 8. HFX JOLD. ..

Lo 11 /8-165 . ssacilaesanelaladoans Qe -NocHl.Y. cc cD.RYDIRT . =KD, . .5 Selactions

211233/26-177 . PP « F ....!!.. vesiYesDe s Bl s o EDYERRE . ~ADs s s Allgn selected saquencss ¢ MM
00UL35/21-132 . eerasiReseans¥Cuevnn Ba Ko obBo K, 1o 0. XBIWL.ONS . . .FLTRFLNIE. .. .. Gonerate 3 FASTA-format file
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0MILZRST- 167 . 1 Baacana L G- TSR DR TR N T TRCECESS [T T SO Currpnlly seloctad:
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Example Questions:
What i1s known about the protein family, its

species distribution, number in humans and
residue-wise conservation, ctc... !

LARAS - STPane <Faaproc % KaPlam: Famiy: By

— C' | pfam.xtam.orgsfam y/Pro007 1#tabview tabs

EMBL-EBI HOME | SEARCH | BROWSE | FTP | HELP | ABOUT p‘“m
s |lnfmvduan:h |m

H - - o) ”
Family: Ras (PF00071) = oy = o
332 ach tectures 21243 szequerces 30 interactions 10DG species G563 sorocures
B HMM logo
Domain organisation
HMM legns is ern way af visualizing pref s HMMs. | egas paavicn a quick everview o mhe aeopserios af an kMM ia 2 geaphical farm. You 2an aoe 2 more detailed dese<ption of HI4M
Clan 10003 are hrd oLt Fow you 2an interprat them herec?. Mare, .,

Curation & model

Species
Interactions

Structures

Jump m--- j’

|ml‘ 1Dfazc m

Contribution
1

TR

( I
0 i
B-I v et =i

- -
a 4 s ¢ 7 ) 217 11 12 42 14 45 3 47 1N

Comme s or JJsstions o~ he sita” Send a mail o plam-help@ebi.ac.uk.
Buropean Molecular Blology Laboratary



Pfam: Family: Kinesin (PF00225)

©

“ + 3 htp://pfam.janelia.org/family/kinesin#tabview=tab8 L ¢ | (Q~ Google ()
HHMI P‘
> HOME SEARCH BROWSE FTP HELP ABOUT “m
janeha farm ' |  FTP | |
rescarch campus keyword search
Family: Kinesin (PF00225) S ik = -
~ Loading page components (1 remaining)... 126 architectures 4150 seguences 6 Interactions 248 species 114 structures

Summary

Domain
organisation

Clans

Alignments

HMM logo

Trees

Curation & models

v

Jump to... i

enter ID/acc

There are 6 interactions for this family. More...

Tubulin Tubulin
Tubulin_C

Kinesin T lin inesin

Howard Hughes Medical Institute




Pfam: Family: Kinesin (PF00225)

- + 3 http://pfam.janelia.org/family/kinesin#tabview=tab9

janeha farm

HOME

rescarch campus

SEARCH |

Family: Kinesin (PF00225)

Summary
Domain

organisation

Clans
Alignments
HMM logo
Trees

Curation & models

Species

Interactions

BROWSE |

FTP | HELP |
- -3
— GS

126 architectures 4150 seguences 6 Interactions

;>>
man

Q- Google

ABOUT

Q O

Mnm

keyword search

A
114 structures

248 species

v

E\nctuns

Jump to... i

enter ID/acc

For those sequences which have a structure in the Protein DataBankr¥, we use the mapping between UniProtcd, PDB and Pfam coordinate
systems from the PDBer? group, to allow us to map Pfam domains onto UniProt sequences and three-dimensional protein structures. The

table below shows the structures on which the Kinesin domain has been found.

UniProt

UniProt entry e

A8BKD1 GIALA 11 -335
CENPE HUMAN 12 - 329

KAR3 YEAST 392 -723
KI13B HUMAN 11 - 352

[y
~
wn
0

3

2 Bl

W
=
[
=

g

[y
3
o
> > @ > 0> 00> >0 2> > > >0 >0

[
x

0
o0

11 - 335
11 - 335
12 - 329
12 - 329
392 - 723
392 - 723
392 - 723
392 - 723
392 - 723
392 - 723
11 - 352
11 - 352
11 - 352
24 - 359
24 - 359
24 - 359
24 - 359
24 - 359
24 - 359
24 - 359

View

Jmol AstexViewer SPICE ¥
Jmol AstexViewer SPICE ¥
Jmol AstexViewer SPICE ¥
Jmol AstexViewer SPICE ¥
Jmol AstexViewer SPICE ¥
Jmol AstexViewer SPICE ¥
Jmol AstexViewer SPICE i?
Jmol AstexViewer SPICE ¥
Jmol AstexViewer SPICE r#
Jmol AstexViewer SPICE ¥
Jmol AstexViewer SPICE ¥
Jmol AstexViewer SPICE ¥
Jmol AstexViewer SPICE ¥
Jmol AstexViewer SPICE ¥
Jmol AstexViewer SPICE ¥
Jmol AstexViewer SPICE #
Jmol AstexViewer SPICE ¥
Jmol AstexViewer SPICE ¥
Jmol AstexViewer SPICE r#
Jmol AstexViewer SPICE ¥




Pfam: Jmol

E
Y
$

O

<+  meapttp://pfam.janelia.org/structure/viewer?viewer=jmol&id=3bfn RSS K

Pfam: Family: Kinesin (PF00225) 1 Pfam: Jmol R

wellcome trust

sanger

14 +
nsuue

Your turn:
What can you find out about “eg>”

Jmol
PDB UniProt
Pfam fami Colour
Chain Start End ID Start End y
A 49 368 KIF22 HUMAN 49 368 Kinesin (_PF00225)

HClose window




Today’s Menu

Alighment Introducing the why and
Foundations how of comparing sequences
Alignment Hands-on exploration of alignment

Algorithms algorithms and applications




ALIGNMENT FOUNDATIONS

e Why...
» Why compare biological sequences?

e What...

» Alignment view of sequence changes during evolution
(matches, mismatches and gaps)

e How...

» Dot matrices
» Dynamic programing
- Global alignment
- Local alignment
» BLAST heuristic approach



ALIGNMENT FOUNDATIONS

e Why...
» Why compare biological sequences?

* What...

» Alignment view of sequence changes during evolution
(matches, mismatches and gaps)

e How...

» Dot matrices
» Dynamic programing
- Global alignment
- Local alignment
» BLAST heuristic approach



Basic Ildea: Display one sequence above
another with spaces (termed gaps) inserted
In both to reveal similarity of nucleotides or

amino acids.
Seql: CATTCAC

Seq2: CTCGCAGC

[Screencast Material]



Basic Idea: Display one sequence above
another with spaces (termed gaps) inserted
in both to reveal similarity of nucleotides or

amino acids.

Seql: CATTCAC

| | |
Seq2: CTCGCAGC

| Lmismatch
match

Two types of character
correspondence



Basic Idea: Display one sequence above
another with spaces (termed gaps) inserted
in both to reveal similarity of nucleotides or

amino acids.

Segql: CAT-TCA-C
| | 1
Seq2: Cc-TCGCAGC

k _match
mismatch
Add gaps to increase

number of matches gaps



Basic Idea: Display one sequence above
another with spaces (termed gaps) inserted
in both to reveal similarity of nucleotides or

amino acids.

Segql: CAT-TCA-C
| | 1
Seq2: Cc-TCGCAGC

\ t_match _
mismatch } mutation

Gaps represent ‘indels’ insertion }indels
mismatch represent mutations deletion




Why compare biological sequences?

To obtain functional or mechanistic insight about
a sequence by inference from another potentially
better characterized sequence

To find whether two (or more) genes or proteins are
evolutionarily related

To find structurally or functionally similar
regions within sequences (e.g. catalytic sites,
binding sites for other molecules, etc.)

Many practical bioinformatics applications...



Practical applications include...

» Similarity searching of databases
— Protein structure prediction, annotation, etc...

* Assembly of sequence reads into a longer
construct such as a genomic sequence

* Mapping sequencing reads to a known genome

— "Resequencing", looking for differences from reference
genome - SNPs, indels (insertions or deletions)

— Mapping transcription factor binding sites via ChlP-Seqg
(chromatin immuno-precipitation sequencing)

— Pretty much all next-gen sequencing data analysis




Practical applications include...

g transcription factor binding sites via ChlIP-Seq
romatin immuno-precipitation sequencing)

— Pretty much all next-gen sequencing data analysis



ALIGNMENT FOUNDATIONS
e Why...

- Why compare biological sequences?
e What...

» Alignment view of sequence changes during evolution
(matches, mismatches and gaps)

e How...

» Dot matrices
» Dynamic programing
- Global alignment
- Local alignment
» BLAST heuristic approach



Sequence changes during evolution

There are three major types of sequence change that
can occur during evolution.
— Mutations/Substitutions

— Deletions
— Insertions

Common CTCGTTA fime

Ancestor (C)

Recent () (A)
PECISS CATGTTA CACTGTA



Mutations, deletions and insertions

There are three major types of sequence change that
can occur during evolution.

— Mutations/Substitutions cTceTTA — CACGTTA
— Deletions
— Insertions

CTCGTTA

c2dGTTA Mutation

CATGTTA CACTGTA

Likely occurred prior to speciation



Mutations, deletions and insertions

There are three major types of sequence change that
can occur during evolution.

— Mutations/Substitutions CTCGTTA — CACGTTA
— Deletions
— Insertions

CTCGTTA

CATGTTA CACTGTA



Mutations, deletions and insertions

There are three major types of sequence change that
can occur during evolution.

— Mutations/Substitutions CTCGTTA — CACGTTA
— Deletions CACGTTA —» CACTTA
— Insertions

CTCGTTA

A.__—-Deletion
ACTTA

CATGTTA CACTGTA



Mutations, deletions and insertions

There are three major types of sequence change that
can occur during evolution.

— Mutations/Substitutions CTCGTTA — CACGTTA
— Deletions CACGTTA —> CACTTA
— Insertions

CACTTA —» CACTGTA

CTCGTTA
Mutation

A.__—-Deletion
ACTTA

CATGTTA CACTGT%Insertion



Mutations, deletions and insertions

There are three major types of sequence change that
can occur during evolution.

— Mutations/Substitutions cTceTTA — CACGTTA

— Deletions CACGTTA — CATGTTA
— Insertions
CTCGTTA
crdGTTA Mutation
CACGTT

Mutation /

CATGTTA CACTGTA



Alignment view

Alignments are great tools to visualize sequence similarity
and evolutionary changes in homologous sequences.

— Mismatches represent mutations/substitutions
— Gaps represent insertions and deletions (indels)

— Substitution 1 ﬂ Indels
(C) n) CAC-TGTA

IR
() CATGT -TA

Match Mismatch Gap
5 1 2

(B) (A)
CATGTTA CACTGTA




Alternative alignments

* Unfortunately, finding the correct alignment is
difficult if we do not know the evolutionary history
of the two sequences

Q. Which of these 3 possible alignments is best?

1, 2 3.
.I i ICII_I i l]GI
 CA-TGTTA : -




Alternative alignments

* One way to judge alignments is to compare
their number of matches, insertions, deletions
and mutations

© 4 matches © 6 matches © 5 matches
© 3 mismatches © 0 mismatches © 1 mismatches
O 0 gaps O 2 gaps O 2 gaps

CACTGTA CACTGT-A CAC-TGTA
I A I N I U I O B N 0 R B
CATGTTA | CA-TGTTA | CATGT-TA



Scoring alignments

* We can assign a score for each match (+3),
mismatch (+1) and indel (-1) to identify the
optimal alignment for this scoring scheme

O 4 (+3) O 6 (+3) O 5 (+3)
O 3 (+1) O 0 (+1) O 1 (+1)
O 0(-1)=15 O 2(-1)=16 O 2(-1)=14

CACTGTA CACTGT-A CAC-TGTA
I A I N I U I O B N 0 R B
CATGTTA | CA-TGTTA | CATGT-TA



Optimal alignments

* Biologists often prefer parsimonious
alignments, where the number of postulated
seguence changes is minimized.

© 4 matches © 6 matches © 5 matches
© 3 mismatches | © 0 mismatches| © 1 mismatches
O 0 gaps O 2 gaps O 2 gaps

CACTGTA | CACTGT-A CAC-TGTA
R O O
CATGTTA | CA-TGTTA CATGT-TA




Optimal alignments

* Biologists often prefer parsimonious
alignments, where the number of postulated
seguence changes is minimized.

© 4 matches © 6 matches © 5 matches

© 3 mismatches | © 0 mismatches| © 1 mismatches
O 0 gaps O 2 gaps O 2 gaps
CACTGTA CACTG . CAC-TGTA

Plheca b bl Ll s T
CATGTTA CA-TGTTA CATGT-TA




Optimal alignments

* Biologists often prefer parsimonious
alignments, where the number of postulated
seguence changes is minimized.

© 4 matches © 6 matches © 5 matches

© 3 mismatches | © 0 mismatches| © 1 mismatches
O 0 gaps O 2 gaps O 2 gaps
CACTGTA CACTG . CAC-TGTA

P bl 0l 0 e o
CATGTTA | CA-TGTTA CATGT-TA




Optimal alignments

* Biologists often prefer parsimonic
alignments, where the numb=q of® ¢ ock
sequence changes |

\ smatches
a0 © 1 mismatches

ey e S\
0Pt e € CTGEA CAC-TGTA
|

e (L ks i
GITA /| CA-TGTTA CATGI-TA




ALIGNMENT FOUNDATIONS

e Why...
- Why compare biological sequences?

e What...

» Alignment view of sequence changes during evolution
(matches, mismatches and gaps)

e How...

» Dot matrices
» Dynamic programing

- Global alignment
- Local alignment
» BLAST heuristic approach




ALIGNMEN |

e How...

» Dot matrices

-OUN

DATIONS

» [

How do we compute the optimal
alignment between two sequences?

4 Bw—ncm‘m—tmpproauu




Dot plots: simple graphical approach

* Place one sequence on the vertical axis of a
2D grid (or matrix) and the other on the
horizontal

c e ce




Dot plots: simple graphical approach

* Now simply put dots where the horizontal and
vertical sequence values match

AC G CEO




Dot plots: simple graphical approach

* Diagonal runs of dots indicate matched
segments of sequence

AC G CEO




Dot plots: simple graphical approach

Q. What would the dot matrix of a two identical
sequences look like?

AC G




Dot plots: simple graphical approach

* Dot matrices for long sequences can be noisy
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ﬁll_llllllllllLLlJ¢JlL'
L R 2 s PR W) 1Y 1L '

NSl N 3 B T 1

100 —{ Soemter ':;;:":--: < .. _::. :«.: R

-

IIT'TTFII'-f.fIIi

A T O O
|

200 T len T ke Y g B AL
~°.
§

L;r_rur;;:r_rJT_f;T;f_fgf;T57:721_g;‘.' §




Dot plots: window size and match

stringency
Solution: use a window and a threshold
— compare character by character within a window
— require certain fraction of matches within window

in order to display it with a dot.
* You have to choose window size and stringency

Window = 3
Stringency = 3




Dot plots: window size and match

stringency
Solution: use a window and a threshold
— compare character by character within a window
— require certain fraction of matches within window

in order to display it with a dot.
* You have to choose window size and stringency

Window = 3
Stringency = 2
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Window size = 5 bases

-
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SN

A dot plot simply puts a
dot where two sequences
match. In this example,
dots are placed in the plot
if 5 bases in a row match
perfectly. Requiring a 5
base perfect match is a
heuristic — only look at
regions that have a certain
degree of identity.

Do you expect
evolutionarily related
sequences to have more
word matches (matches in
a row over a certain
length) than random or
unrelated sequences?



Window size = 7 bases

Web site used: http://www.vivo.colostate.edu/molkit/dnadot/

This is a dot plot of the
same sequence pair. Now
[/ bases in a row must
match for a dot to be
place. Noise is reduced.

Using windows of a
certain length is very
similar to using words
(kmers) of N characters in
the heuristic alignment
search tools

Bigger window (kmer)
fewer matches to consider


http://www.vivo.colostate.edu/molkit/dnadot/

Unga

Web site used: htt

ed all

//lwww.vivo.colostate.edu/molkit/dnadot/

Only diagonals can be
followed.

Downward or rightward
paths represent insertion
or deletions (gaps in one
sequence or the other).



http://www.vivo.colostate.edu/molkit/dnadot/

Uses for dot matrices

* Visually assessing the similarity of two
protein or two nucleic acid sequences

* Finding local repeat sequences within a
larger sequence by comparing a sequence
to itself

— Repeats appear as a set of diagonal runs stacked
vertically and/or horizontally
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Your Turn!

Exploration of dot plot parameters (hands-on worksheet Section 1)

hitp://bio3d.ucsd.edu/dotplot/ hitps://bioboot.shinvapps.io/dotplot

BGGN-213: Dot Plot Comparison of Two Sequences

Dot plots are a simple grephice! epproach for tha visual comparison of twe sequencas. They have & long history (s2e | and raferences therein) ard ente
glacing sne sequence on the vertical axis of a 20D gric (or matrix] and the other on the horizemtal, |1 its simplest form, a dot is slaced where e horizontal and vertical sequence
valuass match. That i3 a dot is producad gt position [7) if charactar ramber i in the first sequenca iz the seme a3 cheracter numbear § in the second sequence. Mcre elaborate forms

0 siding wncaws' composad of mutple characters anc a threshold vaae, or 'match etinagency 1or Pvo windaows to e caonsklers] &5 malched

Protein Dot Plet DNA Dot Plot
Dot Plot Parameters wsize =3 wstep =3, nmalch =2 wsize =3 wstep =3, nmalch =2

Aller the paramatars belovs to change tha
displayed protein anc DNA dot piots, Itis
important to have a good fee! for these
parameters when we get 10 alignmeant heuristic
approechas later.
Window Size:

3

——————

Sugquesnce: 2
Sugueanue 2

Moving window step se:

3]

R —

Malch slringency:
==
Questions for discussion:
¢ \Why doea the DNA s3equence have more data than tha protain sequenca plot?

« How can weincrease the signal to roise ratio?

a Whot dese 0 Mot~ atrinnere oy’ lamoae s T vty ¢ 20 vials a2 whu®


https://bioboot.shinyapps.io/dotplot/
http://bio3d.ucsd.edu/dotplot/

ALIGNMENT FOUNDATIONS

e Why...
- Why compare biological sequences?

e What...

» Alignment view of sequence changes during evolution
(matches, mismatches and gaps)

e How...
» Dot matrices
» Dynamic programing
- Global alignment

- Local alignment
» BLAST heuristic approach



The Dynamic Programming Algorithm

* The dynamic programming algorithm can be thought of an
extension to the dot plot approach
— One sequence is placed down the side of a grid and another across the top
— Instead of placing a dot in the grid, we compute a score for each position

— Finding the optimal alignment corresponds to finding the path through the
grid with the best possible score

D P
6 -1
1 7
-3 -2 ’
2|

R R

E
2
1
2
5

m= 0O

Needleman, S.B. & Wunsch, C.D. (1970) “A general method applicable to the search
for similarities in the amino acid sequences of two proteins.” J. Mol. Biol. 48:443-453.



Algorithm of Needleman and Wunsch

* The Needleman—Wunsch approach to global
sequence alignment has three basic steps:
(1) setting up a 2D-grid (or alignment matrix),

(2) scoring the matrix, and
(3) identifying the optimal path through the matrix

D PL E DPL E D PLE
D D 6 -1 -4 2 D 6 -1 -4 2

1 i 4w
Q) P ﬂ) P -1 7 -3 - ﬂ) P - AR
M M 3 2 2 -2 M 3 -2 2 -2
E E 2 1 3 5 E 2 1 3 5

Needleman, S.B. & Wunsch, C.D. (1970) “A general method applicable to the search
for similarities in the amino acid sequences of two proteins.” J. Mol. Biol. 48:443-453.



Scoring the alignment matrix

o Start by filling in the first row and column — these are
all indels (gaps).
— Each step you take you will add the gap penalty to the

score (Sjj) accumulated in the previous cell

Sequence 1

m = U O

J

0
2
-4
6
8

Sequence 2

D P L E

2 -4 -6

-8

Scores: match = +1, mismatch =-1, gap =-2




Scoring the alignment matrix

o Start by filling in the first row and column — these are
all indels (gaps).
— Each step you take you will add the gap penalty to the
score (Sjj) accumulated in the previous cell

Sequence 2 Scores: match = +1, mismatch =-1, gap =-2
D P L E

2 -4 -6 -8

G

Sita = (-2) + (-2) + (-2) + (-2)

Seql: DPME
Seq2: —---

Sequence 1
m = U O
PEMOHEC L EHEO



Scoring the alignment matrix

* Then go to the empty corner cell (upper left). It has filled in
values in up, left and diagonal directions
— Now can ask which of the three directions gives the highest score?
— keep track of this score and direction

Scores: match = +1, mismatch =-1, gap =-2

/
-/ D P L E
- 0 -2 -4 8 1 J
~ D -2 i-1| S(i-1, j-1) | S(i-1, j)
> 4 e
v B i\ S j- 1S
E -8




Scoring the alignment matrix

* Then go to the empty corner cell (upper left). It has filled in
values in up, left and diagonal directions
— Now can ask which of the three directions gives the highest score?
— keep track of this score and direction

Scores: match = +1, mismatch =-1, gap =-2

S(i-1, j-1) + (mis)match \@
S(i, ) = Max€ S(i-1,)) + gap penalty ¢ 2
S(/, j-1) + gap penalty _, (3)

m = U | 0O
® o b | O



Scoring the alignment matrix

* Then go to the empty corner cell (upper left). It has
filled in values in up, left and diagonal directions
— Now can ask which direction gives the highest score
— keep track of direction and score

j Scores: match = +1, mismatch =-1, gap =-2
-|{D/ P L E
- 2|4 -6 -8 o (1) (0)+(+1) =+1 <= (D-D) match!
~ Alignment
| @ (2+-2)=-4 g

m = U | 0O
® o H O

—>» (3) (-2)+(-2)=-4



Scoring the alignment matrix

* At each step, the score in the current cell is determine by
the scores in the neighboring cells

— The maximal score and the direction that gave that score is
stored (we will use these later to determine the optimal alignment)

Scores: match = +1, mismatch =-1, gap =-2

J
- D/P|L E
- 0. -2 -4|-6 -8 N (1) (2)+(-1) =-3 <= (D-P) mismatch!
"~ _2\1 Alignment
4)4(-2) = - D-
I @ (9+2)=-6 Dp

m = U | 0O
© o £

—> (3) (1)+(-2) = -1



Scoring the alignment matrix

» We will continue to store the alignment score (S;)) for
all possible alignments in the alignment matrix.

j Scores: match = +1, mismatch =-1, gap = -2
- D P|L E
; 0\'2 -4 -6 | -8 . (1) (-4)+(-1) =-5 <= (D-L) mismatch
= '2‘ 1-1 Alignment
- -6)+(-2) = -8 D--
4 l @ o+ D--

—> (3) (-1)+(-2) =-3



Scoring the alignment matrix

* For the highlighted cell, the corresponding score (S;))
refers to the score of the optimal alignment of the first
| characters from sequencel, and the first j characters
from sequence?2.

Scores: match = +1, mismatch =-1, indel =-2

J
D P L E
0\-2 -4 | -6 -8 Ny (D) (D)+(-1)=-2
D T {p-1-39-5 Alignment
el b eowass B

—> (3) (2)+(-2)=0



Scoring the alignment matrix

* At each step, the score in the current cell is
determine by the scores in the neighboring cells

— The maximal score and the direction that gave that score is

stored
j Scores: match = +1, mismatch =-1, indel = -2
- D P L E
- 0\‘.2 4 | -6 -8 N (1) (2)+(-1) =0 <= mismatch
D -2 1—\(»-1—»-3%5 Alignment
i D) = - DPM
P[4 - "202 I @ 0+2)=-2 DoT.
~M 6 -3 O
E | =& —> (3) (0)+(-2) =-2



Scoring the alignment matrix

* The score of the best alignment of the entire sequences
corresponds to S, m

— (where n and m are the length of the sequences)

Scores: match = +1, mismatch =-1, indel =-2

N @ (+1)+(+1) = +2

Alignment

)4(-2) =- DPME.
V(2 (2= DPLE

—> (3) (-1)+(-2) =-3



Scoring the alignment matrix

* To find the best alignment, we retrace the arrows
starting from the bottom right cell

— N.B. The optimal alignment score and alignment are
dependent on the chosen scoring system

Scores: match = +1, mismatch =-1, indel =-2

Alignment

DPME
DPLE

m = U O



Questions:

* What is the optimal score for the alignment of these
sequences and how do we find the optimal alignment?

CcC A T G T T A

IR e e s e
1 [ ogragage-egte
| O [Mggtagets 137

EIEISNERRE X0
EAEABIENENEE)
EAEIEIEAEROESE
RIEIEIEIRE IS

> - O 4 O >» O



Questions:

* What is the optimal score for the alignment of these
sequences and how do we find the optimal alignment?

CcC A T G T T A

IR e e s e
1 [ ogragage-egte
| O [Mggtagets 137

52 [ M0 [Potaged
EAEABIENENEE)
EAEIEIRARRCFEN
RIEIEIEIRE S

> - O 4 O >» O



Questions:

* To find the best alignment we retrace the arrows
starting from the bottom right cell

CcC A T G T T A

> - O 4 O > O



More than one alignment possible

* Sometimes more than one alignment can result in
the same optimal score

> - O 4 O >» O

Cc A T G T T A

BNy
B o eeda e
SRR

"0 [Mo 2 gt
EAENE]
EARIEIEExR
RIRIEIEIREEE

Alignment

CACTGT-A
CA-TGTTA

CACTG-TA
CA-TGTTA



The alignment and score are dependent
on the scoring system

* Here we increase the gap penalty from -2 to -3

- C A T G T
: l!.ﬂﬂ
i"nﬂ Alignment
Gt o

CACTG-TA

CA-TGTTA
CACTGTA
CATGTTA




The alignment and score are dependent
on the scoring system

* Here we increase the gap penalty fro

CACTGT-A
CA-TGTTA

CACTG-TA
CA-TGTTA

CACTGTA
CATGTTA

A

EIIII



Your Turn!

Hands-on worksheet Sections 2 & 3

Match: +2
Mismatch: - |

"] _
Gap: -2

O[Ol 4] >
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e Why...
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e What...

« Alignment view of sequence changes during evolution
(matches, mismatches and gaps)

e How...

» Dot matrices
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- Global alignment
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» BLAST heuristic approach



Global vs local alignments

* Needleman-Wunsch is a global Global
alignment algorithm

— Resulting alignment spans the
complete sequences end to end

— This is appropriate for closely ““m

related sequences that are similar in
length

* For many practical applications
we require local alignments
— Local alignments highlight sub-
regions (e.g. protein domains) in the
two sequences that align well

103



Local alignment: Definition

* Smith & Waterman proposed simply that a
local alignment of two sequences allow
arbitrary-length segments of each sequence
to be aligned, with no penalty for the
unaligned portions of the sequences.
Otherwise, the score for a local alignment is
calculated the same way as that for a global

alignment

Smith, T.F. & Waterman, M.S. (1981) “Identification of
common molecular subsequences.” J. Mol. Biol. 147:195-197.



The Smith-Waterman algorithm

 Three main modifications to Needleman-Wunsch:

— Allow a node to start at 0

— The score for a particular cell cannot be negative

* if all other score options produce a negative value, then a zero
must be inserted in the cell

— Record the highest- scoring node, and trace back from there

J-1 /

S(j-1, j-1 IS)match
I Al TR
S(i, j) = Max ’ . -

S(, f1) -gap penalty  _, (3) i} S j- )8t
O J

<
& (@ ®
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Local alignment

GCC-AUG
GCCUCGC
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Local alignments can be used for
database searching

» Goal: Given a query sequence (Q) and a sequence
database (D), find a list of sequences from D that
are most similar to Q
— Input: Q, D and scoring scheme
— Output: Ranked list of hits

Input Output
Query sequence  Database Score Ranked hit list Annotation
GTATGGTCA

100 GTATGGTCA Ras
Camee - —a » 90 TGATGGTCA Ras
GTATGGTCA 40 CGATCTGCA HSPQO

TAGTGGTCA

TGATGGTCA 38 TceTTeCcTA P40




The database search problem

* Due to the rapid growth of sequence databases, search

algorithms have to be both efficient and sensitive

— Time to search with SW is proportional to m x n (mis length of query,
n is length of database), too slow for large databases!

Time to search the Database

-
o
=)

109

108}
107

106

105}
104.

103

102}

1984 1988 1992 1996 2000 2004 2008 2012
Year

To reduce search time
heuristic algorithms,
such as BLAST, first
remove database
seguences without a
strong local similarity to
the query sequence in a
quick initial scan.



The database search problem

* Due to the rapid growth of sequence databases, search
algorithms have to be both efficient and sensitive

— Time to search with SW is proportional to m x n (mis length of query,
n is length of database), too slow for large databases!

QueryRGGVERIKLMR

Smaller
—> databas
e

To reduce search time
heuristic algorithms,
such as BLAST, first
remove database
seguences without a
strong local similarity to
the query sequence in a
quick initial scan.
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Rapid, heuristic versions of
Smith—Waterman: BLAST

« BLAST (Basic Local Alignment Search Tool) is a
simplified form of Smith-Waterman (SW) alignment that
IS popular because it is fast and easily accessible

— BLAST is a heuristic approximation to SW - It examines only
part of the search space

— BLAST saves time by restricting the search by scanning
database sequences for likely matches before performing
more rigorous alignments

— Sacrifices some sensitivity in exchange for speed

— In contrast to SW, BLAST is not guaranteed to find optimal
alignments



Rapid, heuristic versions of
Smith—Waterman: BLAST

anrgnments



* BLAST uses this pre-screening heuristic
approximation resulting in an an approach that is
about 50 times faster than the Smith-Waterman

QueryRGGVERIKLMR

word
match

Speed

Initial —~ Smaller
Database Databas Exact SW BLAST
=

113



How BLAST works

* Four basic phases
— Phase 1: compile a list of query word pairs (w=3)

RGGVKRI Query sequence
RGG

GGV

generate list GVK
of w=3 VKR

words for
query



Blast

— Phase 2: expand word pairs to include those similar
to query (defined as those above a similarity
threshold to original word, i.e. match scores in
substitution matrix)

RGGVKRI Query sequence
RGG RAG RIG RLG

GGV GAV GTV GCV

extend list of GVK GAK GIK GGK ...
words similar VKR VRR VHR VER
to query

115



Blast

— Phase 3: a database is scanned to find sequence
entries that match the compiled word list

GNYGLKVISLDVE Database sequence

search for c ..
perfect GVK |[GLK| GIK GGK ...
matches in the VKR VRR VHR VER
database

sequence

116



Blast

— Phase 4: the initial database hits are extended in
both directions using dynamic programing

GNYGLKVISLDVE Database sequence

RGGVKRI Query sequence
T cxoNyY[GLRVISLDYV
matched word
IS used as a
local

"

alignment
seed

HQwnHW < QO™ Q™ P H

117



GKGNYGL KIVISLDYV

P

Alignment seed

HFQUnHIRSQIODOQRDD P H

GRGGVKRISGL Query sequence
GNYGLKVISLDV Database sequence

118



GKGNYGLI KIVISLDYV

Alignment seed

L -

A dynamic
R programming
G I |

R Search for
G high scoring
G gapped
\Y alignment
K

R /

I

S

G

L

GRGGVKRISGL Query sequence
GNYGLKVISLDV Database sequence



G—G)

2
<

GKGNYGLI KIVISLDYV

Y
G)

(>X—G)
r'
Qw

/

BLAST
returns the
highest
scoring
database hits
in a ranked list

Alignment seed

FOQnHIIR<SQOQXHDOD P H

1iGt Query sequence
- Database sequence



BLAST output

* BLAST returns the highest scoring database hits in
a ranked list along with details about the target
sequence and alignment statistics

Max
Description score
kinesin-1 heavy chain [Homo sapiens] 677
Kif5b protein [Mus musculus] 676
Kinesin-14 heavy chain [Danio rerio] 595
hypothetical protein EGK_18589 48.2

MmKIAA4102 protein [Mus musculus] 42.7

Query
cover E value

100%
100%
88%
40%
38%

0

0

0
0.03
3.02

Max
ident

100%
98%
78%
32%
24%

Accession
NP _004512.1
AAA20133.1
XP_00320703
ELK35081.1
EHH28205.1


http://www.ncbi.nlm.nih.gov/protein/4758648?report=genbank&log$=prottop&blast_rank=11&RID=FPFCJW0T01R
http://www.ncbi.nlm.nih.gov/protein/468355?report=genbank&log$=prottop&blast_rank=39&RID=FPFCJW0T01R
http://www.ncbi.nlm.nih.gov/protein/326921588?report=genbank&log$=prottop&blast_rank=99&RID=FPFCJW0T01R
http://www.ncbi.nlm.nih.gov/protein/432112053?report=genbank&log$=prottop&blast_rank=144&RID=FPJWAVGM01R
http://www.ncbi.nlm.nih.gov/protein/355693602?report=genbank&log$=prottop&blast_rank=9996&RID=FPJWAVGM01R

Statistical significance of results

* An important feature of BLAST is the
computation of statistical significance for each hit.
This is described by the E value (expect value)

Max
Description score
kinesin-1 heavy chain [Homo sapiens] 677
Kif5b protein [Mus musculus] 676
Kinesin-14 heavy chain [Danio rerio] 595
hypothetical protein EGK_18589 48.2

MmKIAA4102 protein [Mus musculus] 42.7

Query Max
cover |E value| ident
100% 100%
100% 98%
88% 78%
40% 32%
38% 24%

Accession
NP_004512.1
AAA20133.1
XP_00320703
ELK35081.1
EHH28205.1


http://www.ncbi.nlm.nih.gov/protein/4758648?report=genbank&log$=prottop&blast_rank=11&RID=FPFCJW0T01R
http://www.ncbi.nlm.nih.gov/protein/468355?report=genbank&log$=prottop&blast_rank=39&RID=FPFCJW0T01R
http://www.ncbi.nlm.nih.gov/protein/326921588?report=genbank&log$=prottop&blast_rank=99&RID=FPFCJW0T01R
http://www.ncbi.nlm.nih.gov/protein/432112053?report=genbank&log$=prottop&blast_rank=144&RID=FPJWAVGM01R
http://www.ncbi.nlm.nih.gov/protein/355693602?report=genbank&log$=prottop&blast_rank=9996&RID=FPJWAVGM01R

BLAST scores and E-values

* The E value is the expected number of hits that are
as good or better than the observed local alignment
score (with this score or better) if the query and
database are random with respect to each other

— I.e. the number of alignments expected to occur by chance
with equivalent or better scores
* Typically, only hits with E value below a significance
threshold are reported

— This Is equivalent to selecting alignments with score above
a certain score threshold



* |deally, a threshold separates all query related
sequences (yellow) from all unrelated sequences

(gray)

Alignment scores of
- unrelated sequences

ST T TR

Alignment scores
of related

. seguences

Local alignment score

Number of sequences




* Unfortunately, often both score distributions overlap

— The E value describes the expected number of
hits with a score above the threshold if the query
and database are unrelated

Alignment scores of
- unrelated sequences

ST T TR

Alignment scores
of related
sequences

Number of sequences

Local alignment score



* Unfortunately, often both score distributions overlap

— The E value describes the expected number of
hits with a score above the threshold if the query
and database are unrelated

Alignment scores of
- unrelated sequences

ST T TR

The E-value
provides an
estimate of the
number of false
positive hits!

Number of sequences

I —

Local alignment score



Max  Query Max

Description score cover E value ident Accession
kinesin-1 heavy chain [Homo sapiens] 677 100% 0 100% NP_004512.1
Kif5b protein [Mus musculus] 676 100% 0 98% AAA20133.1
Kinesin-14 heavy chain [Danio rerio] 995 88% 0 78%  XP_00320703
hypothetical protein EGK_18589 42.7 40% 0.03 32% ELK35081.1

Alignment scores of
unrelated sequences

A score of 42.7 or better is
expected to occur by chance
3 in 100 times (E-value =
0.03)

Number of sequences

Local alignment score “42.7


http://www.ncbi.nlm.nih.gov/protein/4758648?report=genbank&log$=prottop&blast_rank=11&RID=FPFCJW0T01R
http://www.ncbi.nlm.nih.gov/protein/468355?report=genbank&log$=prottop&blast_rank=39&RID=FPFCJW0T01R
http://www.ncbi.nlm.nih.gov/protein/326921588?report=genbank&log$=prottop&blast_rank=99&RID=FPFCJW0T01R
http://www.ncbi.nlm.nih.gov/protein/432112053?report=genbank&log$=prottop&blast_rank=144&RID=FPJWAVGM01R

Max Total Query E Max

Description score score cover Vvalue ident Accession
kinesin-1 heavy chain [Homo 677 677 100% 0 100% NP_004512.1
KifSh nrotein IMiis miisetiligl 676 676 100% 0 08% AAA20133.1

In general E values < 0.005 are usually significant.

To find out more about E values see: “The Statistics of
Sequence Similarity Scores” avalilable in the help
section of the NCBI BLAST site:

http.//www.ncbi.nlm.nih.gov/blast/tutorial/Altschul-1.html

>

142.7

Nun

Local alignment score


http://www.ncbi.nlm.nih.gov/protein/4758648?report=genbank&log$=prottop&blast_rank=11&RID=FPFCJW0T01R
http://www.ncbi.nlm.nih.gov/protein/468355?report=genbank&log$=prottop&blast_rank=39&RID=FPFCJW0T01R
http://www.ncbi.nlm.nih.gov/protein/326921588?report=genbank&log$=prottop&blast_rank=99&RID=FPFCJW0T01R
http://www.ncbi.nlm.nih.gov/protein/432112053?report=genbank&log$=prottop&blast_rank=144&RID=FPJWAVGM01R
http://www.ncbi.nlm.nih.gov/blast/tutorial/Altschul-1.html

Your Turn!

Hands-on worksheet Sections 4 & 5

» Please do answer the last lab review question (Q19).
» We encourage discussion and exploration!



Practical database searching with
BLAST

:_) BLAST My NCBI 7}

Home  RecentResults ~Saved Strategies  Help

*» HCBUVBLAST Home
MNews
BLAST finds regions of similarity between biclogical sequences. mare.

Lmaa:'FISC O6 ADT mmmn

m Aligning Multiple Pre

BLAST Assembled RefSeq Ge

NCBI BLAST Home Page
http://blast.ncbi.nlm.nih.gov/Blast.cqi

2 Human

Mousc

[at

o Arabldops/s thallana

E 0 0 1B

Basic BLAST

|ODE.

= 3 =LAS [ .
Cacos= a =LAST orogram o run
ELASI rakes tessy to
exXeEmnne 3 la'ge croup of
Zcea'ch a nuclectide dazabase using a nuclectide quzry pctaabia 32ne candgstss,
Algarithms: blastn, megeblest, discontiguous megeblest

nucleotide blast

El Mo e lius
Searcn protein databzse using 3 protein guery
ANlgarithme: blastg, psi blest, ki bas:

protein blast
blasix | Sea o protein dalabzse using a baslated nucleotide guary

thlastn | Zea'cn translated nuclectide database using a pretein quary

thlastx | =carcn translated nuclectide dazabasce using a translated nucleotide query

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

Practical database searching with
BLAST

* There are four basic components to a
traditional BLAST search
— (1) Choose the sequence (query)
— (2) Select the BLAST program
— (3) Choose the database to search
— (4) Choose optional parameters

* Then click “BLAST”



Step 1: Choose your sequence

* Sequence can be input in FASTA format or
as accession number

& NCBI Resources How To

Protein Search: | Protein ~| Limits Advanced search Help
Translations of Life "

Display Settings([v) FASTA Send to: [v) )
< - = Change region shown

hemoglobin subunit beta [Homo sapiens]

NCBI Refl Q NP 000509 1 Analyze this sequence
eference Sequence B , o B

GenPept Graphics

. . . ) Identify Conserved Domains
>gi| 4504349 |ref|NP_000509.1| hemoglobin subunit beta [Howo sapiens]

MVHLTPEEKS AVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVHGNPEKVKAHGKKVLG Find in this Sequence
AFSDGLAHLDNLEKGTFATLSELHCDKLHVDPENFRLLGNVLVCVLAHHFGKEF TPPVQAAYQRKVVAGV AN
ALAHKYH

132



Step 2: Choose the BLAST program

Query Database
blasth DNA _1>DNA
blastp protein _1>prote|n
blastx DNA 2 protein
tblastn protein , %DNA
tblastx

DNA % ' %DNA
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DNA potentially encodes six proteins

5" CAT CAA
5" ATC AAC
‘;» 5" TCA ACT
5" CATCAACTACAACTCCAAAGACACCCTTACACATCAACAAACCTACCCAC 3T
3" GTAGTTGATGTTGAGGTTTCTGTGGGAATGTGTAGTTGTTTGGATGGGTG 5’

JJ
5’ GTG GGT &J
5/ TGG GTA

o" GGG TAG



® 00 Protein BLAST: search protein databases using a protein query e
4> Lt 8 blast.ncbi.nim.nih.gov/Blast.cgi?PROGRAM =blastp&BLAST_PROGRAMS=blastp& ¢ | Reader | |LO

Enter accession number(s), gi(s), or FASTA sequence(s) & Clear Query subrange &
N >gi|4504349|ref|[NP_000509.1| hemoglobin subunit beta [Homo sapiens) ——
N MVHLTPEEKSAVTALWCKVNVDEVCGEALGRLLVVYPWTQRFFESFCDLSTPDAVMGNPKVKAHGK
> KVLGAISDGLAHLDNLKGTIFATLSCELHCDKLHYDPENTRLLGNVLVCVLAHHIGKETPPVQAAYQK To!
% VVACVANALAHKYH
V
Or, upload file | Choose File | no file selected *)
Job Title [
Enter a descriptive title for your BLAST search &
|| Align two or more sequences &
Choose Search Set
Database Non-redundant protein sequences (nr) % |
Organism . e
Optional ’ () Exclude
Enter organ sm common name, binomial, or tax id. Only 20 top taxa will be shown. &
Exclude () Models (XM/XP) ("] Uncultured/environmental sample sequences
Optional
Entrez Query ’ ‘
Optional :

Enter an Enrez query to limitsearch &

Program Selection
Algorithm (® blaslp (protein-protein BLAST)
() PSI-BLAST (Position-Specific Iterated ELAST)
() PHI-BLAST (Pattern Hit Initiated BLAST)

() DELTA-3LAST (Domain Enhanced Lookup Time Accelerated BLAST)
Choose a BLAST algorithm &)

Search database Non-redundant protein sequences (nr) using Blastp (protein-protein BLAST)
|_| Show results in a new window

(¥)Algorithm parameters
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Step 3: Choose the database

nr = non-redundant (most general database)
dbest = database of expressed sequence tags
dbsts = database of sequence tag sites

gsS = genomic survey sequences

Human genomic plus transcript (Human G+T) v
Genomic plus Franscripi
Human genomic plus transcript (Human G+
hMouse genomic plus transcript (Mouse G+T) ENon-redundant protein sequences (nr) v

Other Databases Non-redundant protein sequences (nr .

Nucleotide collection {(nr/nf) Reference , .
proteins (refseq_protein)
EEEEIUR eI SR Ly Swissprot protein sequences(swissprof)

Reference genomic sequences (refseq_genomic) Patented protein sequences(pat)

ECBl Gengmes (chromosome) Protein Data Bank proteins(pdhb)
xpressed sequence tags (esy) Environmental samples(env_nr)

Non-human, non-mouse ESTs (est_others)

Genomic survey sequences (gss) .
High throughput genomic sequences (HTGS) prOteln databaSeS
Patent sequencesipat)

Protein Data Bank (pdh)

Human ALL repeat elements (alu_repeats)
sequence tagged sites (dbsts)

Whole-genome shotgun reads (wgs)
Frnuirnnmental samnles (enw ntl

nucleotide databases



® 00 Protein BLAST: search protein databases using a protein query 2

~ NN €3 blast.ncbi.nim.nih.gov/ Blast.cgi?PROGRAM =blastp&BLAST_PROGRAMS=blastp&P/ & |uReades
nter Query sequence
Enter accession number(s), gi(s), or FASTA sequence(s) & Clear Query subrange &
N >gi|4504349|ref|[NP_000509.1| hemoglobin subunit beta [Homo sapiens] —— ]
N MVHLTPEEKSAVTALWCKVNVDEVGGEALGRLLVVYPWTQRFFESFCDLSTPDAVMGNPKVKAHGK |
> KVLCAISDGLAHLDNLKGTIATLSCLHCDKLHVDPENTRLLGNVLVCVLAHHIGKEITPPVQAAYQK To | |
%t VVACVANALAHKYH
/4
Or, upload file [ Choose File | no file selected ©
Job Title |
Enter a descriptive title for your BLAST search &
__ Align two or more sequences &
N Choose Search Set
Database Non-redundant protein sequences (nr) s |
Organism Ortonal | O Exciude [+
Enter organ'sm common name, binomial, or tax id. Only 20 top taxa will be shown. &)
(E)x:ludle () Models (XM/XP) ] Uncultured/environmental sample sequences
ona
Entrez Entrez Query |
i o Enter an Enrez query to limitsearch &
Program Selection
Algorithm (*) blastp (protein-protein BLAST)
() PSI-BLAST (Position-Specific Iterated ELAST)
() PHI-BLAST (Pattemn Hit Initiated BLAST)
() DELTA-3LAST (Domain Enhanced Lookup Time Accele-ated BLAST)
Choose a BLAST algorithm &)
~ BLAST Search database Non-redundant protein sequences (nr) using Blastp (protein-protein BLAST)
| | Show results in a new window

Settings $¥) Algorithm parameters
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Step 4a: Select optional search

IO o

General Parameters

Max target 100 LI

SEUERTES aelect the maximum number of alighed sequences to display &
Short queries IV Automatically adjust parameters for short input sequences @
Expect threshold

Word size

Max matches in a ID ©

query range

Scoring Parameters
Matrix BLOSUMB2 =] 9_ SCOrlng atrix

Gap Costs Existence: 11 Extension: 1 v| @
Compositional Conditional compositional score matrix adjustment  v| @
adjustments

Filters and Masking

Filter I Low complexity regions @

Mask I Mask for lookup table only @
I Mask lower case letters &

BLAST

oearch database Non-redundant protein sequences (nr) using Blastp

™
S

138

I Show results in a new window



Step 4: Optional parameters

* You can...
— choose the organism to search
— change the substitution matrix
— change the expect (E) value
— change the word size
— change the output format



Results page

“ 4+ = blast.ncbi.nim.nih.gov

» NCBV BLAST/ blastp suite/ Formatting Results - FWGUTMRZ013

Edit and Resubmit Save Search Strategies > Formatting options > Download Change the result display back to traditional format
Youl{i[3Leam about the enhanced report  Blast report description
gi|4504349|refINP_000509.1| hemoglobin

Database Name nr

Description All non-redundant GenBank CDS
transiations+PDB+ SwissProt+ PIR+ PRF excduding
environmental samples from WGS projects

Program BLASTP 2.2.27+ b Ctation

Query ID Kl|B4677

Description gi|4504349|refINP_000509.1] hemoglobin subu
beta [Homo saplens)

Molecule type amino acid

Query Length 147

Other reports: p Search Summary [Taxonomy reports] [Distance tree of resuits] [Related Structyres] [Myltiple alignment]
B3 DELTA-BLAST, a more sensitive protein-protein search o)

& Graphic Summary

(=) Show Conserved Domains
Putative conserved domains have been detected, click on the image below for detailed results.

1 % s b 19

125 147

Query seq,
. harw-binding site ) A A A A F's A A A

Specific hits
Superfanilies ’ globin_like superfamily {

Distribution of 100 Blast Hits on the Query Sequence

0 i = s e o el s ced o cmcese el tm b ol e b




Further down the results page...

NCBI Blast:qi|4504349|ref|NP_000509.1] hemoglobin
4+ = blast.ncbi.nlm.nih.gov Blast.co

Distribution of 100 Blast Hits on the Query Sequence &
Mouse-over 10 show defline and scores, cick 10 show alignments

[Mouse-over 10 show define and scores. clck wo showaignmenss |

Color key for alignment scores

<40 40-50

80-200 >=200

e e e R R N
20 40 60 80 100 120 140

a-




Further down the results page...

NCBI Blast:gi|4504349|ref|[NP_000509.1| hemoglobin

4 » |+ | 2 blast.ncbi.nlm.nih.gov/Elast.co
Sequences producing significant alignments:
Select: All None Selected:0
11 Alignments

Totiioll sh:::rxa :::'o Qc;jvez va?uo i:::xnt
_) hemoglobin beta [synthetic construci] 301 301 100% 9e-103 100%
_J hemoglobin beta [synthetic construct] 301 301 100% 1e-102 100%
_J hemoglobin subunit beta [Homo saplens)] >reflXP 508242.1| PREDICTED: hemoglobins 301 301 100% 1e-102 100%
_J RecName: Full=Hemoglobin subunit beta; AitName: Full=Beta-globin; AitName: Full=Hen 300 300 100% 4e-102 99%
) beta globin chain variant [Homo sapiens) 299 299 100% 5e-102 99%
B 299 299 100% S5e-102 99%
_J beta-globin [Homo sapiens) 299 299 100% 5e-102 99%
_J hemoglobin beta chain [Homo sapiens] 299 299 100% 6e-102 99%
_J Chain B, Structure Of Haemoglobin In The Deoxy Quaternary State With Ligand Bound A1 298 298 99% 9e-102 100%
_) hemoglobin beta subunit variant [Homo sapiens] >gb|AAABB054.1| beta-globin [Homosa 298 298 100% 1e-101 99%
) Chain B, Human Hemoglobin D Los Angeles: Crystal Structure >pdbl2YRS|D Chain D, H 298 298 99% 2e-101 99%
) Chain B, High-Resolution X-Ray Study Of Deoxy Recombinant Human Hemoglobins Syn 297 297 99% 3e-101 99%
_J Chain B, Analysis Of The Crystal Structure, Molecular Modeling And Infrared Spectroscor 297 297 99% 3e-101 99%

Accession

AAX37051.1
AAX28557 1

NP_000509.1

P02024.2
AANB4548 1
AAZ39780 .1

ACUS6984 1
AAD19696.1

1COH 8
AAF00489.1
2YRS B
10XU_B

1HDB B

=




Further down the results page...

—

NCBI Blast:gi|4504349|ref|INP_000509.1] hemoglobin 2

4 > + 53’ bilasit.fncbii.nlm.iniihi.idbﬁ Blast.cg . - | C O
BiDownload v GenPept Graphics ¥ Next A Previous 4 Descriptions
hemoglobin subunit beta [Homo sapiens]
Sequence ID: refINP_000509.1] Length: 147 Number of Matches: 1
> See 84 more title(s)
Related Information
Range 1: 1 to IQM Graphics
Score Expect Wethod Identities Positives Gaps Qm«: assoclated gene detall
301 bits(770)\1e-102 positional matrix adjust. 147/147(100%) 147/147(100%) 0/147(0%) UniGene - clustered expresse:
V

sequence tags
Query 1  MVHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWIQRFFESFGOLSTPDAVMGNPK 60 . o :
MVHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVY PNTORFFESFGDLS TPDAVMGNPK Mao Viewer - aligned genomic
Sbjct 1  MVHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWIQRFFESFGDLSTPDAVMGNPK 60 context

Query 61 VKAHGKKVLGAFSDGLAHLDNLKGTFATLSELHCDKLHVDPENFRLLGNVLVCVLAHHFG 120 Structure - 3D structure

VEKAHGKKVLCGAFSDCLAHLDNLEKCTFATLSELHCDKLHVDPENFRLLONVLVCVLAHHFG displays
Sbjct 61 VKAHGKKVLCGAFSDCLAHLDNLEKGTFATLSELHCDKLHVDPENFRLLONVLVCVLAHEFG 120
PubChem Bio
Query 121 KEFTPPVQAAYQKVVAGCVANALAHKYH 147 Assay - bioactivity screening

KEFTPPVQAAYQKVVAGCVANALAHKYH
Sbjct 121 KEFTPPVQAAYQKVVAGVANALAHKYH 147

[&1Download v GenPept Graphics ¥ Next A Previous 4 Descriptions

RecName: Full=Hemoglobin subunit beta; AltName: Full=Beta-globin; AltName: Full=Hemoglobin beta chain
Sequence ID: sp|P02024.2|HBB GORGO Length: 147 Number of Matches: 1

Related Information
Range 1: 1to 147 GenPept Graphics

‘Score Expect Method Identities Positives Gaps
300 bits(767) 4e-102 Compositional matrix adjust. 146/147(99%) 147/147(100%) 0/147(0%)



Different output formats are available

NCBI Blast:gil4504349 refINP 000509.1]! hemoglobin

- 4+ = blast.ncbi.nim.nih.gov ¢ v 3

[Sign In] [Register

» NCBV BLAST/ blastp suite/ Formatting Results - FVGUTMRZOTS— —__

Edit and Resubmit Save Search Strategies ( V Formatting options ) » Download Change the result display back
YoulflJ Learn about the enhanced report Blas:

Formatting options Reforma

Show Alignmentas | HTML 4| Od View Reset form to defaults
Alignment View | Query-anchored with letters for identities & | 4
Display M Graphical Overview L\_ﬂ Sequence Retrieval NCBI-gi L
Masking Character: | Lower Case 4| Color: Iml 4

Limit results Descriptions: | S0 $ | Graphicaloverview: | S0 § Algnments: | 50 ¢ X

Organism Type common name, binomial taxid, or group name. Only 20 top taxa wil be shown.

| Exclude * 4

Entrez query: | ] 4

Expect Min: | | Expect Max: | | (

Percent Identity Min: | | Percent Identity Max: | : §

Formatfor | |PSLBLAST  with inclusion threshold: | | !

gil4504349|ref|[NP_000509.1| hemoglobin



E.g. Query anchored alignments

NCBI Blast:qi|4504349|refINP_000509.1] hemoglobin

| e

4+ | 2 blast.ncbi.nlm.nih.gov/Blast.co

__Query 1  MVHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPK 60
(AAX37051 1  MVHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPK 60
(_AAX29557 1  MVHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPK 60
[ NP_000509 1  MVHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPK 60
( P02024 1  MVHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPK 60
(AAN84548 1  MVHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPK 60
(_AAZ39780 1  MVHLTPKEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPK 60
[ ACU56984 1  MVHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFKSFGDLSTPDAVMGNPK 60
[ JAAD19696 1  MVHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFLESFGDLSTPDAVMGNPK 60
( ]1COH B 1 VHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPK 59
([ JAAF00489 1  MVHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPK 60
([ J2YRS_B 1 VHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPK 59
(1pxu 8 1 MHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPK 59
( J1HDB B 1 VHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPK 59
(]1DXv B 2 HLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPK 59
[ J3KMF_C 2 HLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPK 59
[ JAAL6897 1  MVHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPK 60
(JINQP B 1 VHLTPEEKSAVTALWGKVNVDEVGGKALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPK 59
( 1K1K B 1 VHLTPKEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPK 59
(AAN11320 1  MVHLTPVEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPK 60
[ XP 002822173 1  MVHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPK 60
(]1y85 B 1 VHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPK 59
(_J1YEO B 1 MHLTPEEKSAVTALWGKVNVDEVGGEALGRLLAVYPWTQRFFESFGDLSTPDAVMGNPK 59
(1010 B 1 MHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPK 59
(ICAA23759 1  MVHLTPVEKSAVTAXWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPK 60
(J1YE2 B 1 MHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVFPWTQRFFESFGDLSTPDAVMGNPK 59
(J1YSF B 1 MHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPK 59
(J1A00_3B 1 MHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPYTQRFFESFGDLSTPDAVMGNPK 59
(J148S_B 1 VHLTPVEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPK 59
(J1ABY B 1 MHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPK 59
( ]1cKyY B 1 VHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPK 59



... and alignments with dots for identities

NCBI Blast:qil4504349|refINP 000509.1] hemoglobin

+ =2 blast.ncbi.nim.nih.gov Elast. C |

Query 1  MVHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPK 60
JAAX37051 1 Y (¢
AAX29557 1 Y 1 ¢
NP_000509 1 AT ¢
P02024 l 0000000000000 000000000000000000000000000000000000000000000008 60
AANB4548 S e eeeeeeeeeaaaees e e eeeeeeaenaaes cee. 60
AAZ39780 1 Y 1
ACUS56984 1 RS AP 1
AAD1S696 l 000000000000 0000000000000000000000000000800H Lecoosccccsscsscscccsce 60
1COH B 1 SN P PPN NP PPN NEPeeeEINRPeesesTSRORSERRRRRRPSY DY
AAF00489 1 Y 1 ¢
2YRS_B 1 e eeeeeeeeeeeeeeeaaeaeaaaana e nnnan tevessssssnass 59
1DXU B 1 P 00000 0000000000000 000000000000000000000000000000000CB0CB0CB0CRO0OG0S 59
1HDB B 1 cscsssssssss csssssss cssssssss cscsssssse cscssssss cssssssss ssoee DY
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Common problems

Selecting the wrong version of BLAST
Selecting the wrong database

Too many hits returned

Too few hits returned

Unclear about the significance of a particular
result - are these sequences homologous?



How to handle too many results

* Focus on the question you are trying to
answer

— select “refseq” database to eliminate redundant
matches from “nr”

— Limit hits by organism
— Use just a portion of the query sequence, when
appropriate

— Adjust the expect value; lowering E will reduce the
number of matches returned



How to handle too few results

* Many genes and proteins have no significant
database matches
— remove Entrez limits
— raise E-value threshold
— search different databases

— try scoring matrices with lower BLOSUM values
(or higher PAM values)

— use a search algorithm that is more sensitive than
BLAST (e.g. PSI-BLAST or HMMer)



Summary of key points

Sequence alignment is a fundamental operation underlying
much of bioinformatics.

Even when optimal solutions can be obtained they are not
necessarily unigue or reflective of the biologically correct
alignment.

Dynamic programming is a classic approach for solving the
pairwise alignment problem.

Global and local alignment, and their major application
areas.

Heuristic approaches are necessary for large database
searches and many genomic applications.



FOR NEXT CLASS. ..

Check out the online:
[M Reading: Sean Eddy’s “What is dynamic programming?”

M Homework: (1) Quiz, (2) Alignment Exercise.

To Update!


https://goo.gl/forms/Dxt0T03MPYusSmD92

Homework Grading

Both (1) quiz questions and (2) alignment

exercise carry equal weights (1.e. 50% each).

(Homework 2) Assessment Criteria

Points

Setup labeled alignment matrix

Include initial column and row for GAPs

All alignment matrix elements scored (i.e. filled in)

Evidence for correct use of scoring scheme

Direction arrows drawn between all cells

Evidence of multiple arrows to a given cell if appropriate D
Correct optimal score position in matrix used C
Correct optimal score obtained for given scoring scheme B
Traceback path(s) clearly highlighted A

Correct alignment(s) yielding optimal score listed A+




