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What i1s Bioinformatics

* The use of computers to collect,
analyze, and interpret biological
iInformation at the molecular level.

"The mathematical, statistical and computing
methods that aim to solve biological problems using
DNA and amino acid sequences and related

Information.”

e A set of software tools for molecular
sequence analysis



The National Center for Biotechnology
Information (http://www.ncbi.nlm.nih.gov/)

NCBI established on November 4' 1988, as
a division of the National Library of
Medicine (NLM) at the National Institutes
of Health (NIH)

&= @ The GenBank sequence database is an

it @l annotated collection of all publicly available
) &l nucleotide sequences and their protein

translations.




Initially, GenBank was built and maintained at
Los Alamos National Laboratory (LANL).

NCBI began accepting direct submissions to
GenBank in 1993 and received data from LANL

until 1996 l

g Currently, NCBI receives and processes

g @l about 20,000 direct submission sequences

& =] per month, in addition to the approximately
200,000 bulk submissions that are processed
automatically.




NCBT has a multi-disciplinary research group:

Molecular Biologists

Computer Scientists

Biochemists




What is Bioinformatics ? q
\ N
Bioinformatics \
1

Molecular Biology + Information Technology
& Biotechnology (IT)

To understand living organisms
with Bio-Information




Internationally Networking Collaboration

In the mid-1990s, the GenBank database became part
of the International Nucleotide Sequence Database
Collaboration:

GenBank
NCBI
USA

DDBJ EMBL

Mishima,
Japan

Europea

\_/

NCBT investigators maintain ongoing collaborations
with several institutes within NIH and also with
humerous academic and government research
laboratories







Genomic era is now a reality

s i




1. Gregor Mendel's discovery of laws of
heredity, in the early 20" century.
Recognition of DNA as material genetics

2. The discovery of the double-helical
structure of DNA, in 1953 is a landmark
event. And elucidation of the genetics
code

3. Development of sequencing and DNA
Recombinant technologies

89N 4. Establishment of increasingly automatable
) methods for DNA Sequencing

5. Human Genome Project (HGP) began in 1990




Human Genome Project (HGP):

Provide in the understanding of gene
structure, genetics variation and
comparative genomics

Provide the basis for 'sequence-based
biology’

Appreciation of ethical, legal, and social
issues surrounding the availability of
human sequence data



Resources

1. Databases that integrate sequences with
curate information and other large data
sets, as well as tools for effective mining

of the data
2. Reference sets of coding sequences for

example, full-length cDNA sequences and
corresponding clones, oligonucleotide
primers, and microarrays

3. Collections of knockouts and knock-downs
of all genes in selected animals to
accelerate the development of models of

disease
4. Cohort populations for studies designed

to identify genetic contributors to health
and to assess the effect of individual
gene variants on disease risk, including a
‘healthy’ cohort.




Technology Development

The Human Genome Project was aided by
several 'breakthrough’ technological
developments

- Sanger DNA sequencing and its automation

- DNA-based genetic markers

- Large-insert cloning systems

- The polymerase chain reaction

‘evolutionary’ technology
Capillary-based sequencing and methods for
@l genotyping single-nucleotide polymorphisms
Nanotechnology and micro-fluidics




Further technologies .........

Sequencing and genotyping technologies to
reduce costs further and increase access to
a wider range of investigators

Identification and validation of functional
elements that do not encode protein

In vivo, real-time monitoring of gene
expression and the localization, specificity,
modification and activity/kinetics of gene
products in all relevant cell types

Modulation of expression of all gene
products using, for example, large-scale
mutagenesis, small-molecule inhibitors
and knock-down approaches (such as

RNA-mediated inhibition)
Etc.



Computational Biology Branch (CBB)

1. New approaches to solving problems, such as the
identification of different features in a DNA
sequence, the analysis of gene expression and
regulation, the elucidation of protein structure and
protein-protein interactions, the determination of
the relationship between genotype and phenotype,
and the identification of the patterns of genetic
variation in populations and the processes that

produced those patterns

2. Improved database technologies to facilitate the
integration and visualization of different data types,
for example, information about pathways, protein
structure, gene variation, chemical inhibition and

clinical information/phenotypes

3. Improved knowledge management systems and the
standardization of data sets to allow the coalescence
of knowledge across disciplines: biologist, chemists,
mathematicians, & computer scientists




Ethical, legal and social implications (ELSI)

The development of models of genomics research that
use attention to these ELSI issues for enhancing the
research, rather than viewing such issues as
impediments

The continued development of appropriate and
effective genomics research methods and policies that
promote the highest levels of science and of
protecting human subjects

The establishment of crosscutting tools, analogous to
the publicly accessible genomic maps and sequence
databases that have accelerated other genomics
research (examples of such tools might include
searchable databases of genomic legislation and
policies from around the world, or studies of ELSI
aspects of introducing clinical genetic tests)

The evaluation of new genetic and genomic tests and
technologies, and effective oversight of their
implementation, to ensure that only those with
confirmed clinical validity are used for patient care.




Genomics to society:

The time is right to develop and apply large-
scale genomic strategies to improve human
health.

1. Develop policy options for the uses of genomics
in medical and non-medical settings.

2. Understand the relationships between genomics,
race and ethnicity, and the consequences of
uncovering these relationships

3. Understand the consequences of uncovering
the genomic contributions to human traits and
behaviour

4. Assess how to define the ethical boundaries for
uses of genomics
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> DNA sequence
AATTCATGAAAATCGTATACTGGTCTGGTACCGGCAACAC

TGAGAAAATGGCAGAGCTCATCGCTAAAGGTATCATCGAA
TCTGGTAAAGACGTCAACACCATCAACGTGTCTGACGTTA
ACATCGATGAACTGCTGAACGAAGATATCCTGATCCTGGG
TTGCTCTGCCATGGGCGATGAAGTTCTCGAGGAAAGCGAA
TTTGAACCGTTCATCGAAGAGATCTCTACCAAAATCTCTG
GTAAGAAGGTTGCGCTGTTCGGTTCTTACGGTTGGGGCGA
CGGTAAGTGGATGCGTGACTTCGAAGAACGTATGAACGGC
TACGGTTGCGTTGTTGTTGAGACCCCGCTGATCGTTCAGA
ACGAGCCGGACGAAGCTGAGCAGGACTGCATCGAATTTGG
TAAGAAGATCGCGAACATCTAGTAGA

> Protein sequence
MKIVYWSGTGNTEKMAELIAKGI

TESGKDVNTINVSDVNI
DELLNEDILILGCSAMGDEVLEESE
FEPFIEEISTKISGK
KVALFGSYeWEDGKWMRDFEERM
NGYGCVVVETPLIVQNE
PDEAEQDCIEFGKKIANI




Biology Information on the Internet
T

e Introduction to Databases

e Searching the Internet for Biology Information.
— General Search methods
— Biology Web sites

Introduction to Genbank file format.

e Introduction to Entrez and Pubmed
 Ref: Chapters 1,2,5,6 of "Bioinformatics”



Free unrestric access ror all

§5THine-1

B issadiin |i !!!lu!ll!l!uﬂ@

PI7Biee-3

sinidiin llnuumniimz
The Wellcome Trust =

The door to discovery is wide open

Genome browsers Genome Databases

Ensembl European Bioinformatics Institutes
www.ensembl.org www.ebi.ac.uk

University of California Santa Cruz ~ GenBank
http://genome.cse.ucsc.edu www.ncbi.nlm.nih.gov

MGD the Jackson Laboratory DNA Data Bank of Japan
www.informatics.jax.org www.ddbj.nig.ac.jp




Refseqg and LocusLink
ey e

Attempt to produce 1 mRNA, 1 protein, and 1
genomic gene for each frequently occuring allele
of a protein expressing gene.

www.ncbi.nlm.nih.gov/LocusLink
Special non-genbank Accession humbers
— NM_nnnnnn mRNA refseq

— NP_nnnnnn protein refseq

— NC_nnnnnn refseq genomic contig

— NT_nnnnnn temporary genomic contig
— NX_nnnnnn predicted gene


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

€ .'iﬂ ~ il www.nebi.nlm.nih.gov/nuccore/?term=Ad4BP%2FSF-1 & - Web Search P n' ﬁ“

| 2 |W EHEST E To De List Planning Tools || Calculators n Converters EI Language Tools E;»] 69°F Malang, Indonesia |> Listen to the Rac@ 7 Morer

& NCBI  Resources ™ How To @ Sign in to NCBI
Nucleotide Nucleotide v/ Ad4BP/SF-1 @

Save search Limits  Advanced Help
Display Settings: | Summary, 20 per page, Sorted by Default order Send to: [V  Filter your results:
© Found 30757 nucleotide sequences. Nucleotide (30) EST (30727) CUEL)
0 There were some problems retrieving the sequence. GI: 11527548 Bacteria (0)
0 There were some problems retrieving the sequence. GI- 168479586 INSDC (GenBank) (13)

mRNA (21)

Results: 1 to 20 of 30 Page |1 |of2 MNext= Last>> RefSeq (17
L Rattus norvegicus gene for Ad4BP/SF-1, partial cds Manage Filters

1. Accession: Gl 11527548
GenBank FASTA  Graphics Related Sequences

W Top Organisms [Tree]
Rattus norvegicus (8)
Oryzias latipes (5)

Bos taurus (4)
Mus musculus (3)

O Ratt i | tor subfamily 5 A_member 1 (Nr5a1). mRNA ATIDEETERE
alius nonveqIcus nuclear receplor suotamily o, group A, member ( rha ] m IR (?)

3. 2,182 bp linear mRNA More...

Accession: NM_001191089.1 Gl: 300797823
GenBank FASTA  Graphics Related Sequences

[l Eublepharis macularius Ad4BP/Sf-1 mRNA for Ad4BP, complete cds

2. Accession: Gl 168479586
GenBank FASTA  Graphics

Find related data =

T:48 PM
2/16/2014
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[ 1: MM_000457. Homo sapiens hepa.. [g121361184]

HINF 44

£289 hp mBIL linear PRI 27-AUG-2002

Homo 2 hepatocyte njplear factor 4, (HNF 4 mOd/ﬁcaf/OH
N 00045
NY 000457.2 dale

human.
Howo sapiens
Eukaryota; Metazoa; Chord
Namtvalia; Eutheria; Primates; Catarrh
REFLRE 1 (hazez 1 to 2289)
TH Bell,?.I., Ziang, K.3., Neuman,H.V., T, 3.H., Ur
Fajans,3.3., %pielwan,R.3. |and Cox,N.J.
Gene for non-insulin-depgndent diabetes mellitus (mat) LOCUS Namf
disbetez of the young subtype) iz linked to DNAL polvyw| phism on
human chromosome 200
Proc. Natl. icad. s
91142197
899925

Vertebrata; E fpleostomi
c .

Molecule Type

W

- S S (1991
Sequence Lengt

59) Modlfication Date

ssu,J.P., Laudet,V., Fruchart,J.C. & |Laine,B
oning and secquencing of cDNAis encoding the huwan hel [ocyte
izlear factor 4 indicate the presence of two isoform b human

sournal | Version Numbers:) —

WEDLINE ‘sourrves GenBank Division
PUBMED 7926813

, FEFERENCE 3 ibasesz 1 to 2289)
LUTHORS Irewes.T.. Senkel.,3., Holewa.E. and Rvffel.G.T1.



http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=nucleotide&list_uids=21361184&dopt=GenBank

FEATURES
Source

variation

CDS (Coding
DNA Sequence)

Location/Qualifiers
1..2289

Jorganism="Homo sapiens"
fdb_xref="taxon:9606"
Johromosome="z0"
fmap="20qlz-gl3. 1"
ftissue type="kidney"
folopel ih="cDINL library"

fogene="HNF4A™

Jnote="TCF: HNF4; MODY; MODY1; NR2Al; TCF14; NRZAzZ1M

fdb xref="LocusID:317z2"
fdb_xref="MIM:600251"
complement [(56)
fallele=mrCe

Fallele="G"

fdb xref="dbINP: 10632400
104..1618

geETE="HNF4.4L"

Jfunction="transcription factor"
fnote="transcription factor-14; hepatic nuclear factor 4,

alpha™
Joodon start=1
fevidence=experimental

Jproduct="hepatocyte nucle
Jprotein id="NP_000445.27
fdb xref="GI:213611585"

fdb xref="LocusID:3172"
fdb xref="NIMN:g00Z51"

r factor 4, alphs™

Accession Number for
Protein

Jtranslation="MRLIKTLVDMDMADTIALLDPAYTTLEFENVOVLTHGHNDLLPLE
LARLRHFLEHHWS IZGGYD33PQGD TEPREGTNLNAPNSLGVIALCATCGDRATGERY
LIS CDGCEGFFRRIVEFNHN TS CRF 3 ROCVVDEDERNQCREYCRLEECF RAGMEEE AV
CONERDRISTRRISYEDSSLPSINALLOAEVLIRQITIPVIGINGD IRAKKIASTADVC
ESMKEQLLVLVEWAKYIPAFCELPLDDOVALLEAHAGEHLLLGATERSMVFEDVLLL G
NDYIVPRHCFELAEMIRVSIRILDELVLPFOELOQIDDNEYAYLEATIIFFDPDARGLID
PGEIKRLERIOVOVSLEDYINDROYDSRGRFGELLLLLPTLOS ITWOMIEQIQF IKLF G

MAEIDNLLOQEMLLGGSPIDAPHLAHHP LHF HLMOQEHMG T IV AN THE THL SNGONCET




MRNA <1..>1380
sig_peptide 33..104
CDS 33..1283
/codon_start=1
/product="alpha-1-antitrypsin"

/protein_id="CAA44840.1"
/db_xref="PID:g42" Protein Sequence
/db_xref="Gl:42"

/db_xref="SWISS-PROT:P34955"

/translation="MALSITRGLLLLAALCCLAPISLAGVLQGHAVQETDDTSHQEAACHKIAPNL
ANFAFSIYHHLAHQSNTSNIFFSPVSIASAFAMLSLGAKGNTHTEILKGLGFNLTELAEAEI
HKGFQHLLHTLNQPNHQLQLTTGNGLFINESAKLVDTFLEDVKNLYHSEAFSINFRDAEE
AKKKINDYVEKGSHGKIVELVKVLDPNTVFALVNYISFKGKWEKPFEMKHTTERDFHVDE
QTTVKVPMMNRLGMFDLHYCDKLASWVLLLDYVGNVTACFILPDLGKLQQLEDKLNNEL
LAKFLEKKYASSANLHLPKLSISETYDLKSVLGDVGITEVFSDRADLSGITKEQPLKVSKAL
HKAALTIDEKGTEAVGSTFLEAIPMSLPPDVEFNRPFLCILYDRNTKSPLFVGKVVNPTQA"

mat_peptide 105..1280
/product="alpha-1-antitrypsin"

polyA signal 1343..1348

polyA site 1368




BASE COUNT
ORIGIN

A 1

Gene Sequence

159 =&

o AgagayyY
COCCCagygt
cotogtogac
guaatttgag
cagattgagg
acagggagac
cagogoootog
(i ols g olle F=Tued [ (o
cagatttago
gotocaagaas
gatcagoact
jeiy=lefwute ju Eote )
togogoCogaang
gottotoght
JytgyCocty
catggtgtteo
goagotggog
coaggagoty
CoCagatogon
JyLgagETty
gotgotgotg
gttoatoaag
agygtooooo
acatatggga
gatgtgtogag
acogocaggt
cgtocaagooo
agocgotogd
atcacgtggt

Tad o

CRactOggagog
=T (n e (u-Te fe ol
atggacatgg
aatgtgoagy
catcoootoo
acgtoococat
tgtgocatct
tgoaagooot
g (s fet-Te yote il
tgottooggy
cgaaggtcas
gtoctgtooo
aagattogooa
JRYTHIYCCa
ctoagagooo
aaggacgtgo
gagatgagoo
cagatcgatg
aayyyyctys
gaggactaca
ctgotgooca
ctottoggoa
agogatgoac
accaacgtoa
togocoogac

gootoagdogt
ctototgooa

goCLoggogc
Ccacgooasag

pa3 o

agyCagt gy
gUogoggogt
cogactacag
tgttgacgat
gacatcacty
cagaaggoac
gJogyyyacoy
tottocggag
tggytggacas
ctggoatgas
gotatgagga
gacagatcac
gUatcgoaga
agracatcoco
atgotggoga
tgotoctagy
gyytgtocat
acaatgagta
gogatcoagg
toaacgacog
cottgoagag
tggocaagat
cocatgooca
togttgocas
CCAOacE
Crtgagoocta
toooccagoo
tooactggot
gaagacgtga

124 ©

agyyCOyagy
YR AgYY
tgotgoacty
guyoaatgat
gagoatatct
caacctoaac

Yo acgyge
AT T Yo Y
agacaagagg
gaaggaagoc
cagoagooty
ctoocoocogoo
totgtgtogag
agotototgo
goacctgotg
caatgactac
acgoatocott
tgooctaccto
gaagatcaag
CCagtatgac
catcacgtgg
tgacaaccty
Coaccoooty
cacaatgooo
JUCAagCoacs
taagotocty
gaccatcaco
Cooocccagos
tgocaggaco

(S {nfuuiniais _Gdn
ags gac
e f=Nadntui=1n

ttgttgoogo
CIoy gy ooy oyt orgr
gogoccaaca
amAacactaco
aagaacCaca
aaccagtgoo
gtocagasty
cootocatea
toogggatea
tocatgasagg
gagotooooo
ctoggagoea
attgtoocteo
gacgagotog
aaagocatca
Ccogotgogtt
togogtggos
cagatgatog
ttgoaggaga
caccotoaco
actocacctoa
Cotgagacoo
aduls (s f-Te (et uley
aagoaggaag
Coctaagaga
agtoccagag

Codon

toguogtoog
Lotocaasac

acaccaccot
tgogtotoge
acagttotoo
gootoggtgt
gtgoctogag
tgtactocty
gotactgoag
agogggacog
atgogotoct
acggogacat
agoagotoot
tggacgacca
Coaagagatc
gouoactgooo
tgotgooctt
tettotthga
Cocaggtooa
gULttCOggaga

CDS (Coding DNA Sequence)

agoaga c%%tc

togotogotoagd
tgatgoggga

p Codon
UAG)

goaaco
cacagoooto
togon
ttatgtagga
goacctoggto

Ccagyaatgyy




—
Basic Local Alignment Search Tool (BLAST) (1, 2) is the tool most

frequently used for calculating sequence similarity. BLAST comes in
variations for use with different query sequences against different

databases.

All BLAST applications, as well as information on which BLAST
program to use and other help documentation, are listed on the
BLAST homepage [http://www.ncbi.nlm.nih.gov/BLAST/].

To understand how BLAST works, its output, and how both the
output and program itself can be further manipulated or
customized, rather than on how to use BLAST
[http://www.ncbi.nim.nih.gov/Education/BLASTinfo/information3.
html] or interpret BLAST results.

@ < .«";\:



The comparison of nucleotide or protein sequences from the same or
different organisms is a very powerful tool in molecular biology.

By finding similarities between sequences, scientists can infer
the function of newly sequenced genes, predict new members of gene
families, and explore evolutionary relationships.

Now that whole genomes are being sequenced, sequence similarity
searching can be used to predict the location and function of protein-
coding and transcription regulation regions in genomic DNA.




FASTA Format

_ .. o . MOS I'important _,
>|dentifier descriptive text . data format!!!

nucleotide of amino-acid o*

sequence on multiple lines if need-ed. e

Example: e
>0i|41|emb|X63129.1|BTAL1AT B. taurus mRNA for alpha-1-anti-trypsin

GACCAGCCCTGACCTAGGACAGTGAATCGATAATGGCACTCTC
CATCACGCGGGGCCTTCTGCTGCTGGC ...




ZhET

A few tools follow the convention that lower case
sequences are masked. (repeat masker, some versions
of blast, megablast, blastz)

A few analysis tools (like CLUSTAL) want a simplified
identifier on the defline. So they can have a short
string for the alignment.

>X63129.1

GACCAGCCCTGACCTAGGACAGTGAATCGATAATGGCACTCTC
CATCACGCGGGGCCTTCTGCTGCTGGC ...



| = Ad4BP/SF-1 - Nucleotide - NCEI | = BLAST: Basic Local Alignment Search ... x | [ Inbox (257) - fatchiya@gmail.com - G... | + | - g =

00~ blast.ncbi.nlm.nih.gov/Blast.cq 0 -~ Web Search P B #®
IW g EHEST E To Do List Planning Tools ||| Calculators n Converters EI Language Tools E;'”] 69°F Malang, Indonesia @ 6"}> " More-

e
e
L

» NCBI BLAST Home

Your Recent Results MNewl

BLAST finds regions of similarity between biological sequences.

maore...

All Recent results...

‘ [ DELTA-BLAST, a more sensitive protein-protein search  G2J

BLAST Assembled RefSeq Genomes News

Choose a species genome to search, or list all genomic BLAST databases BLAST 2.2.29+ released

A new version of the stand-alone BLAST+

o Human 0 Oryza sativa 0 Gallus gallus o )
applications is available.
o Mouse 0 Bos taurus o Pan troglodytes Mon. 08 Jan 2014 12:00:00 EST
o Rat o Danio rerio o Microbes
o Arabidopsis thaliana o Drosophila melanogaster o Apis mellifera NIRRT =
Basic BLAST
Choose a BLAST program to run Tip of the Day

More tips...

Search a nucleotide database using a nucleotide query

nucleotide blast |
Algori

ms: blastn, megablast, discontiguous megablast

Search protein database using a protein query

protein blast
rofein bas Algorithms: blastp, psi-blast, phi-blast, delta-blast

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

tblastx | Search translated nucleotide database using a translated nucleotide query

7:35 PM
2/16/2014
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Copy the Sequence

ORI=IN

- N —
"MASQGETERSYEQMET --ERQHATE IRASTFREM IS EICREY IQMC
TELELSDYEGEL IQHS IT IERPMUL S ATDERRENEYLEEHF 5 AGEDPEET -F IYRERRD >
EIRREL ILHDEEE IRR ITEQ AN GED AT AGLTHLM ITHSNLND AT Y QRT B.AL URT MO
PEMC LM -ETLPER S CAAFAAVHFICTHUMEL IPM IR - INDPHN TR CEN-ERTER I &
YEPMCH ILEGEFQT AAQF.AMMTD QVEE SENF GHNAE IEDL ITL AR.S AL ILRE3STWAHESCL
PACUYGL ATAS GYDFERE FYSLVEIDP FELL QRS QW ESL IFPHENF AHE S QL UTRIACH
SAEAFEDLEVESFIRGTRUVPEFILSTRFU]) I ASHENME AMD SHTLELESEYTA IRTERS
FEHTHQOQRASAGQIS IQPT PEUVIPHLF FERAT IMAATT GNTE -RT SDMETE I IRMME S

ARPEDNVE PR FIFEL SDERATHE IWE S FDMHHE -3 Y PP-DNAEREYDH

1

&1
121
151
231
20l
261
3z 1
35l
Sd1
GO0l
651
Tzl
TE1
31
ol
51
10zl
loal
1141
1z01
1261
1221
12351
1331
1501

gtagataatc
tatgaacaga
ggaagaatga
agt-gactat:g
goattttgatg
aagaaaactzg
ctgcacgaca
actgctzggicc
agaacgagadg
Cocaackotoc
gtaatgyagc
gJaaaatggaa
ttccaaacag
aatgct-gaaa
gtagcccata
Jacttitgaga
agccagg-ct
Cggatggcat
acaadgagsgd
aacatggaag
accagaagsdg
coccacttiEot
acaggaaata

agtzgccagac
aaggcaacga

ggagacaatg

"' m

actcaccgag
Cggaaactgg
ttagtzggcat
aagggaggct
aacgaaggaa
Jaggtccaat
aagaggagat
ttCcacccacct
ctctogt-acg
cgaggagatc
Cgattzocggat
Jaagaacaag
cagcacaaadg
Tttt gaagatct
agtzcctgci=t
gagaaggg-a
ttagt-ctcart
gJocactctgc
toccaagagg
caatggactc
gJaggaaacac
cggt-acagag
ctEgagggcag
cagaagatzgt
acccgatcgt
cagaggagta

tCgacatcaac
Cggagaacgc
cggFaggtitc
tatccagaac
cagataccizg
ttataggagg
caggaggatt
Jat-gatatgg
tactggaatg
Cggagctgoc
gataaaacga
gattzgcatat
agcaatgatzg
catt-tttcitg
JoctEgotz g
ctEctE ot ggitt
tagaccaaat
agcattt-gag
acagctatcc
caacactott
caaccagcag
aaacctizoca
aacgtctgac
gtcattccag
b= e =k e o
Cgacaatitaa

atcatggc gt
cagaatgcta

tacatacaga
agcataacaa
gJaagadcacc
agagacggga
tggcgi-caag
catztzccaatzc
gaccccagga

gIcgcagcag
gggatcaacg
Jagagaat gt
Jatcaggtgc
Jocacggtctg
ghgtacggac
Jgaatagatc

Jagaatccgg
Jaccttagag
daccagagggd
Jaactgagaa
agggcatctg
ttcgaaagag
atgagaactJg
gogcggggag
Jacatgaata
agaaaaatac

cEcaaggocac
ctgagatcag
Cgtgcacaga
tagagagaats
ceagbgoggg
aatgggtgag
cgaacaatgg
taaatgat-gc
Cghgoct oo
TgaagyyyIT
accggaatts
Jocaacatoct
gagagagcag
cactcatcoct
tEgoctgzggc
chEEtbCcocgtEcts
cacataagaqg
toctcaag-tt
ticaaati-gc
gtaaatattg
caggccagat
cgaccattat
aaatcataag
Lot cgagct
atJaaggatc

caaacgatct
ggcatck gt
actcaaactc
gJgtactct ot
gaaggacccg
agagctgati
agaggacgca
cacatatcag
gatgcaaggg
agggacaatg
ctggagaggc
caaagggaaa
aaatcctggg
Jagaggatca
cagt-ggatats
gttt caaaac
tCcaattagtg
catcagaggdg
titcaaatgag
ggctataaga
aagcattzcag
ggcagcattc
aatgqatgJgaa
ctEocggacgaa
Crhattizcts o




C"(__) National Center for Biotechnology Information
-

N C B I Mational Library of Medicine Matiwonal Institutes of Health

AET

The Basic Local Alignment Search Tool (BLAST) finds regions of
local similarity between sequences. The program compares nucleotide
or protein sequences to sequence databases and calculates the
statistical significance of matches. BLAST can be used to infer
functional and evolutionary relationships between sequences as well
as help identify members of gene families.
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Nucleotide

Quickly search for highly similar sequences (megablast)

Quickly search for divergent Sequencyscontiquous megablast)
Nucleotide-nucleotide BLAST (blastn

Search for short, nearly exact matches

Search trace archives with megablast or discontiguous megablast



http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nih.gov/entrez/query.fcgi?db=PubMed
http://www.ncbi.nih.gov/Entrez/index.html
http://www.ncbi.nih.gov/Entrez/index.html
http://www.ncbi.nih.gov/Entrez/index.html
http://www.ncbi.nih.gov/BLAST/
http://www.ncbi.nih.gov/entrez/query.fcgi?db=OMIM
http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nih.gov/BLAST/Blast.cgi?CMD=Web&LAYOUT=TwoWindows&AUTO_FORMAT=Semiauto&ALIGNMENTS=50&ALIGNMENT_VIEW=Tabular&CLIENT=web&DATABASE=nr&DESCRIPTIONS=100&ENTREZ_QUERY=%28none%29&EXPECT=10&FILTER=L&FORMAT_OBJECT=Alignment&FORMAT_TYPE=HTML&NCBI_GI=on&PAGE=MegaBlast&SERVICE=plain&SET_DEFAULTS.x=34&SET_DEFAULTS.y=8&SHOW_OVERVIEW=on&END_OF_HTTPGET=Yes&SHOW_LINKOUT=yes&GET_SEQUENCE=yes&PERC_IDENT=None,1,-2
http://www.ncbi.nih.gov/BLAST/Blast.cgi?ALIGNMENTS=50&ALIGNMENT_VIEW=Pairwise&AUTO_FORMAT=Semiauto&CLIENT=web&DATABASE=nr&DESCRIPTIONS=100&EQ_MENU=(none)&EQ_OP=AND&EXPECT=10&FILTER=L&FILTER=m&FORMAT_BLOCK_ON_RESPAGE=None&FORMAT_EQ_MENU=(none)&FORMAT_EQ_OP=AND&FORMAT_OBJECT=Alignment&FORMAT_TYPE=HTML&LAYOUT=TwoWindows&MEGABLAST=on&NCBI_GI=on&OTHER_ADVANCED=-G+5+-E+2&PAGE=MegaBlast&PERC_IDENT=None,+1,+-2&PROGRAM=blastn&SERVICE=plain&SET_DEFAULTS.x=34&SET_DEFAULTS.y=3&SHOW_OVERVIEW=on&TEMPLATE_LENGTH=18&TEMPLATE_TYPE=0&TWO_HITS=on&WORD_SIZE=11&END_OF_HTTPGET=Yes&SHOW_LINKOUT=yes&GET_SEQUENCE=yes
http://www.ncbi.nih.gov/BLAST/Blast.cgi?CMD=Web&LAYOUT=TwoWindows&AUTO_FORMAT=Semiauto&ALIGNMENTS=50&ALIGNMENT_VIEW=Pairwise&CLIENT=web&DATABASE=nr&DESCRIPTIONS=100&ENTREZ_QUERY=%28none%29&EXPECT=10&FILTER=L&FORMAT_OBJECT=Alignment&FORMAT_TYPE=HTML&NCBI_GI=on&PAGE=Nucleotides&PROGRAM=blastn&SERVICE=plain&SET_DEFAULTS.x=34&SET_DEFAULTS.y=8&SHOW_OVERVIEW=on&END_OF_HTTPGET=Yes&SHOW_LINKOUT=yes&GET_SEQUENCE=yes
http://www.ncbi.nih.gov/BLAST/Blast.cgi?CMD=Web&LAYOUT=TwoWindows&AUTO_FORMAT=Semiauto&ALIGNMENTS=50&ALIGNMENT_VIEW=Pairwise&CLIENT=web&DATABASE=nr&DESCRIPTIONS=100&ENTREZ_QUERY=%28none%29&EXPECT=10&FILTER=L&FORMAT_OBJECT=Alignment&FORMAT_TYPE=HTML&NCBI_GI=on&PAGE=Nucleotides&PROGRAM=blastn&SERVICE=plain&SET_DEFAULTS.x=34&SET_DEFAULTS.y=8&SHOW_OVERVIEW=on&END_OF_HTTPGET=Yes&SHOW_LINKOUT=yes&GET_SEQUENCE=yes
http://www.ncbi.nih.gov/BLAST/Blast.cgi?CMD=Web&LAYOUT=TwoWindows&AUTO_FORMAT=Semiauto&ALIGNMENTS=50&ALIGNMENT_VIEW=Pairwise&CLIENT=web&DATABASE=nr&DESCRIPTIONS=100&ENTREZ_QUERY=%28none%29&EXPECT=10&FILTER=L&FORMAT_OBJECT=Alignment&FORMAT_TYPE=HTML&NCBI_GI=on&PAGE=Nucleotides&PROGRAM=blastn&SERVICE=plain&SET_DEFAULTS.x=34&SET_DEFAULTS.y=8&SHOW_OVERVIEW=on&END_OF_HTTPGET=Yes&SHOW_LINKOUT=yes&GET_SEQUENCE=yes
http://www.ncbi.nih.gov/BLAST/Blast.cgi?CMD=Web&LAYOUT=TwoWindows&AUTO_FORMAT=Semiauto&ALIGNMENTS=50&ALIGNMENT_VIEW=Pairwise&CLIENT=web&DATABASE=nr&DESCRIPTIONS=100&ENTREZ_QUERY=%28none%29&EXPECT=1000&FORMAT_OBJECT=Alignment&FORMAT_TYPE=HTML&NCBI_GI=on&PAGE=Nucleotides&PROGRAM=blastn&SERVICE=plain&SET_DEFAULTS.x=29&SET_DEFAULTS.y=6&SHOW_OVERVIEW=on&WORD_SIZE=7&END_OF_HTTPGET=Yes&SHOW_LINKOUT=yes&GET_SEQUENCE=yes
http://www.ncbi.nih.gov/BLAST/mmtrace.html
http://www.ncbi.nih.gov/BLAST/tracemb.html

FASTA Format

=T

1 gaccagccct gacctaggac agtgaatcga taatggeact ctccatcacg cggggccttc
61 tgctgctgge agecctgtge tgectggecce cecatctecect ggetggagtt ctccaaggac
121 acgctgtcca agagacagat gatacatccc accaggaagc agcgtgeccac aagattgece
181 ccaacctggc caactttgcc ttcagcatat accaccattt ggctcatcag tccaacacca
241 gcaacatctt cttctcccce gtgagceatcg cttcagectt tgcgatgcetce tcectgggag

301 ccaagggcaa cactcacact gagatcctga agggcectggg tttcaacctc actgagctcg
361 cagaggctga gatccacaaa ggctttcagc atcttctcca caccctgaac cagccaaacc

nr

Format Reset
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BLASTP 2.2.1 [Apr-13-2001]

Reference:

Altschul, Stephen F., Thomas L. Madden, Alejandro A. Schaffer,

Jinghui Zhang, Zheng Zhang, Webb Miller, and David J. Lipman (1997),
"Gapped BLAST and PSI-BLAST: a new generation of protein database search
programs", Nucleic RAeids Res. 25:3389-3402.

RID: 10092580302-26840-4362
Query= RAB protein
(656 letters)

Database: Non-redundant SwissProt sequences
102,387 sequences; 37,391,913 total letters

If you have any problems or questions with the results of this search
please refer to the BLAST FAQs

Taxonomy reports




Distribution of 41 Blast Hits on the Query Sequence

Mouse-over to show defline and scores. Click to show alignments

Color Key for Alignment Scores
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Sequences producing significant alignments:

(@) (b)

gil|lle365|sp|P26374|RAE2Z HUMAN Rab proteins geranylgeranylt...
gli|21431807|splP24386|RAE1 HUMAN Rab proteins geranylgerany...
gi| 585775 |sp|P37727|RAE1 RAT Rabk proteins geranylgeranyltra...
gi|l1l3626886|sp|Qols98|GDIC MOUSE RAB GDP dissociation inhib...
gi| 729566 |sp|P39958|GDI1 YEAST SECRETORY PATHWAY GDP DISSOC...
gi|13626813|sp|097556|GDIB CANFA Rab GDP dissociation inhib...
gi|13638229|sp|P50397|GDIB MOUSE RAB GDP dissociaticon inhib...
gi|1707888|sp|P20398|GDIA RAT RAB GDP dissociation inhibito...
gi|121108|sp|P21856|GDIA BOVIN Rab GDP dissociation inhibit...
gi|21903424|sp|P5039¢|GDIA MOUSE Rab GDP dissociation inhib...
gili|13626812|spl097555|GDIA CANFA RAB GDP dissociation inhib...
gi|1707886|sp|P31150|GDIA HUMAN Rab GDP dissociation inhibi..
gi|13638228|sp|P50395|GDTR HUMAN Rabk GDP dissociation inhib...
gi|17078%91|sp|P50329|GDIB RAT RAB GDP DISSOCIATION INHIBITO...

gi|1723467|sp|Ql0305|YD4C SCHPO Putative secretory pathway

gi|585776|sp|P32864 | RAEP YEAST RAB proteins geranylgeranylt...
gi|10720243|sp|093831 | RAEP CANAL RAB proteins geranylgerany...

gl2498411|sp|Q49398 | GLE MYCGE UDP-galactopyranose mutase

gi|11135401|sp|Q9XBQY9|STHA AZOVI Soluble pyridine nucleotid...
gi|11135075]|sp|005139|STHA PSEFL Soluble pyridine nucleotid...
gil11135195|spl|P57112|STHA PSEAE Soluble pyridine nucleotid...
gi|22257022|sp|Q8TZJ8|RLAO PYRFU Acidic ribosomal protein P...

gi|3915516|sp|P294488 | YNAJ BACSU Hypothetical symporter ynad

gi|231788|sp|P3059¢|CHS2 USTMA CHITIN SYNTHASE 2 (CHITIN-UD..

gi|2498412|sp|P75499|GLF MYCPN UDP-galactopyranose mutase

gl | 547891 |sp|P36225|MAP4 BOVIN Microtubule-associated prote...

gi | 586602 |sp|P37747|GLF ECOLI UDP-galactopyranose mutase

E

Value
(d)

0.0
C.C
0.0
5e-29
5e-29
le-28
3e-28
Te-28
Te-28
Te-28
8e-28
9e-28
2e=27
5e-27
8e-27
Te-20
Se-13
0.63
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::-I_ gi | TIN50 |4 [AEZLEQESE . L]  Influsnzma & wirus(&'Hong Eeng/ 213/ 02 [(HSH1))] WP gene for rnuaclecsprotein, 3‘
conpl ete cd=, MOCH i=aclate, ambryonated chicken =gg

i=aol ate
Lergth=1565

Jcore = 2355 bics [(14920), Expect = 0.0
Identitia=s = 1515/1540 (F5%), Gap= = 01540 (0%)

3trand=Flu=s/Flnu=

Query 1 GTAFAT AAT CACTCACCGAGT FAC AT CAAC AT C AT O GTCT CAAFFCACCAALACZATCT GO0
trerrrreerrrreerrrrrrrrrrrrr rrrr e e ettt e e e e e e

Jbqcte 132 GTAGAT 22T CAlTCACCGAGT AL AT CAGC AT CAT GO GTCT CAAGGCACC ARACGATCT i —

Query &1 TAT FAACAFAT GEAAACT ¢GT FFAGAAC FCCAGAAT GCT ACT FAFAT CAFFFCAT CTETT 120
trerererrererererrrrerererrrrererererrererrrrrrererrrrrrrrel
Sbgct T2 T&TE&&E&G;TGG&&&ETGTE&G&&EEEE&G&&TEET&ETG-P.G-P.TE&G-G-G-E&TETE-TT 12z

Query 121 FrAAFAAT ZATT AGT GECATCEEFAFGCTT CT ACAT ACAGATGT GCACAGAACT CARACTC  1&0

frerereer rerererrrr rererrrrererererrererrrrrrerrrrrrrrrrel
Sbget 122 FEAAFAAT GETT AT FECATT FoFAFCTT CT ACAT ACAFATCT G ACAGAACT CARACTC 192

Query 141 AT FACT AT E&&GG-KGG-E'IKET CCAGAACAGCAT AACAATAFAFAFAAT T ACTCTCT Z40

freerrerrerrer reeer rerrerrerrerrerrrrrr et rrrrrrrerrr el
Jbjct 1932 AT FACT AT FAAGCAAGGCTFAT CCAFAACAGC AT AACAATAGAGAFAAT T ACTCTCT 252

Query 241 FCATTT AT GE$G-AAGGEEE AEAT ACCT GEaAFAAC ACCCCAGT GLGEHFAAFFACCCE 200

trererereerr reerrrrerererrrrererererrererrrrrrrrrrrrrrrrrel
Sbick  Z52 FCATTT AT CAAAFAAGCAAC AGAT ACCT FHAAFAACACCCCAGT FLFEHFAAFFACCCE 212

Query 201 &&E&&&&ETG-G-&G-G-TEE&P.TTT&'ﬁﬁ-l}&l}l}&l}&l}&ﬂEGG&&&TGEETG&G&E&EETG-&TT 260
Frere reeererererrrrerer rrerererererrererrrrererrrrrrrrrrel
Sbict 212 AAFAAFACT GEAFCT CCAATTT AT CrFAFFAFAFAC FFALAT 6T FAFAFAFCT ZATT 272

Query 261 CTECACFAC AAAFAGFAFAT CAGFAGFATTT ¢CET CAAGCGAAD AT GRAFAFGACFCE G20
P rrerrerreereererreerrerrrrrerrerrr et e et e el
Sbget 272 CTETACFACARAFAGFAGAT CAGFAFFATTT FCET CAAGI FAAC AAT GRAFAFGACFC S 422

-"l‘ m
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Do Genomlcs /‘!L'J!»",.::’L

» ldentification of Open Reading Frame, encoding region of
protein

» Gene Annotation (Prediction of bio-function)
»Homology of Pair Wise (or Multiple) DNA Sequences.

» Alighment of Sequences.

» Discovery of Evolutionary Relationships using Sequence Data.

»Predicting Protein Structure and Function.

: ®
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+ Alignment is the basis for finding similarity

+ Pairwise alignment = dynamic programming

+ Multiple alignment: protein families and
functional domains

+ Multiple alignment is "impossible"” for lots of
sequences

+ Another heuristic - progressive pairwise alighment




4 JJ:!;'!L’ menr !;’,F _’)_/\fd 4

.
Arabidopsis TACCTGGTTGATCCTGCCAGTAGTCATATGCTTGTCTCAAAGATTAAGCCATGCA

S_cerevisiae TATCTGGTTGATCCTGCCAGTAGTCATATGCTTGTCTCAAAGATTAAGCCATGCAA
Human TACCTGGTTGATCCTGCCAGTAGCATATGCTTGTCTCAAAGATTAAGCCATGCA

Mouse TACCTGGTTGATCCTGCCAGTAGCATATGCTTGTCTCAAAGATTAAGCCATGCAT

—
CLUSTAL W (1.83) multiple sequence alignment

Arabidopsis TACCTGGTTGATCCTGCCAGTAGTCATATGCTTGTCTCAAAGATTAAGCCATGCA
S_cerevisiae TATOTGGTTGATCCTGCCAGTAGTCATATGCTTGTCTCAAAGATTAAGCCATGCAA
Human TACCTGGTTGATCCTGCCAGTAG- CATATGCTTGTCTCAAAGATTAAGCCATGCA
Mouse TACCTGGTTGATCCTGCCAGTAG- CATATGCTTGTCTCAAAGATTAAGCCATGCAT

** *hkkhkkhkhkkhkkhkkkhkkhhkkhkhhkhkkhkhhkhhkiikhkir FThhhhkhkkhhhkhkhhhkhkihhkhkihhkhkhhhkhkikhhkhkikhhkhkikiikikikht *

Deletion or Insertion




CeY

[

[1=———— Alignment Editor: cytochrome-c.hal =—————|
File Edit Transfer Display Help

Pos: 31 10 20 30 40 50 &0
1234667890123456789012345678901 23466 789012345678901234667590
CONSENSUS. | ————=—————mmmmmmm e B---—-—-—--——- G--————- L Lengt

1: horse GOYEBGEEIF VOB A0 CHTVERGGERETFNLEGLFGEETG AP GF TTTD ANENEGT 104
Z: honevbee | GIPAGDPERGEEIFYOECAQCHTIESCGEERYGENLTGVTGERTGOAPGTSTTDE 107
3: hippo GDYEBGHEEIF volC A CHTVERGCEEET P NLEGLFGEETG) SPGE SYTD ANENEG ITH 104
4: guin. pig | GDVEEGEEIFvoECA0CHTVEEGGERETSENLEGLFGEETGOAAGE SYTD ANENEG I TH 104
F: guanaco GDVERGERIF Vol AnCHTVERCGERET P NLEGLF GEETGOAVGE SYTD ANENEG T TH 104
6: alga STFAEAPPGER ARCARIFBARC A=CHTVEA - - AcHENGPNLNGAF GETSGTRAGF 5TS 111
7: ginkgo ATF SEAFPGDPRAGERTFETECAZCETV=H- - CACGHR GENLEGLFGE) SGTTAGYSYS 113
§: veast PYAPCDEERGASLFETEC A0 CHTVERGGANEVSENLESVE CEETGOAESE STTEANED 108
9: elder ASFAEArPGNPRACERIFETRCHOCETYDE- -CACHR GENLNGLEGEO SGTTAGTSYTS 111
10: E wiridis | QDAERGEELFESEAGOCHSSOBGYVNSTGRAL TGV TCETSGTYEGTAT SHANENEATVWED 102
11: E gracili | GIEERGEELFESERE,CHsEoB-NSTGE SLYGYTSRTSSSVEGTAT SHENENEETVWEE 102
12 emu GDIERCERIF VOB SOCHTVERGSEEET P NLNGLE GERT 0 AEGE STTD ANENEG I TV 104

Consensus Threshold: | 63 [%] [ = ][ — ] [Eumpute Alignment




e http://www.ncbi.nlm.nih.qov/Entrez/

e http://www.ncbi.nim.nih.gov/Class/MLACourse/Genetics/index.ht
ml

e http://www.ncbi.nim.nih.gov/Literature/pubmed search.html

e http://www.ncbi.nim.nih.qov/Database.tutl.html



http://www.ncbi.nlm.nih.gov/Entrez/
http://www.ncbi.nlm.nih.gov/Literature/pubmed_search.html
http://www.ncbi.nlm.nih.gov/Database.tut1.html
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 Embl:
http://www.ebl.ac.uk/Databases/

 http://www.ebi.ac.uk/cqgi-bin/emblfetch

 Use Accession X63129
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