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Overview

* Introduction to various biological
databases available

* What type of information is available from
them

» Getting familiar with database search tools




Genomic age

+ Data is in abundance

* How do we store, retrieve
: and derive knowledge from
?
‘ Ll(ﬂgwledge these dgta : |
W = DS * Translating them into
knowledge is a challenge !

It now costs just $1 million to sequence the 3 billion base
pairs in a genome, while genotyping — which looks at only
500,000 SNPs — is a mere $1,000

294 model organisms have been sequenced

The number of the online databases listed in the NAR
Molecular Biology Database Collection has increased 58 in
1996 to 858 in 2006 10

Currently there are lots of information available !
They are stored in databases

Search
——
Databases —
(Genes, Proteins, Retrieve info

Structures etc)

T T Submit & Publish

Sequencing
projects

Wet lab research
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Data available

* In early 1980s - methods for DNA sequencing
became widely available - resulted in an
exponential growth in molecular sequence data

Automated Sequencing Results
Electropherograms

12

Molecular Databases

What do they store ? oy CeEank
DNA sequences w1 109
Amino acid sequences w0 | =

Records as of 1988 :
There are 20,579 sequences

Records as of 1998 :
There are approximately
2,837,897 sequences

Sequences (millions)
Base Pairs of DNA (billions)

Records as of 2008 L
There are approximately ol seeenes
98,868,465 sequences |

1882 1886 1880 1894 19888 2002 2006

Updated as of 3 Feb 2009
13
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*Submissions
*Updates

-Submissiory
*Updates

N | G *Submissions

*Updates

(o | *emeL

Where do these data go ?

Others : OMIM, Genecards g

pll Databases

Information derived (protein InterPro

family)

SwissProt, PIR

I_[—‘;,_' l Annotations

Sequencing

brojects Wet lab research

15

18/5/2009



18/5/2009

Internet

» The internet has made biological data
more easily accessible.

Commonly used resources

NCBI resources such as
« ENTREZ

* BLAST

PUBMED

Sequence Retrieval System (SRS)
SwissProt, UniProt

KEGG, BIOCARTA

InterPro, Pfam, SMART

Genome browsers e.g. UCSC, ENSEMBL

17
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Is it evolutionary
| am studying a I wish to find out conserved across

gene its function, location different species?

Is there any disease
Implication ?

) ) What are its What are its domains

| have an unknown I wish to find out physiochemical composition &
sequence its function, location Properties? architecture?

| am interested in Does it interact with Which pathway is it Are there any known
a protein another protein ? part of ? protein structure?

What is out
there ?

18

How do | search for
my gene or protein
of interest ?

1.Keyword search
Using ENTREZ
UCSC Genome Browser

I wish to find out
its function, location

Does it interact with 2. Find cross references to

another protein ? Database

Where do |
Which pathway is it start ?

part of ?

- KEGG, Biocarta

Its domain
composition &
architecture

Structure - PDB
information

-Pfam, SMART

Gene
X
-:'?_.-»\f-i




Database Retrieval systems

» Entrez and Sequence Retrieval System -
Retrieval systems to extract information
from multiple databases. Database
information are also linked to sequence
analysis tools.

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

e http://srs.ebi.ac.uk/

20

ENTREZ vs SRS

ENTREZ SRS
Search databases Search a large
within NCBI collection of databases

from different
organizations

21
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Entrez

e Entrez, The Life Sciences Search Engine

SITE MAF PubMed [ Entrez | Human Genome [ GenBank [ Map Wiewer | BLAST

aey] el
Textbox for
Welcome to the new Entrez cross-database search page k
: « eyword search
I Pubbted: biomedical iteraturs citations and abstracts K1 sooks: enline books Yy I’

Search across databases

U PubMed Central: free, full text journal articles -/t OMIM: Online Mendelian Inheritance in Man
m Site Search: NCBI web and FTP sites
B nucteotide: sequence database (GenBank) S uniGene: gene-oriented clusters of transcript sequences
.o
#,%.# Protein: sequence database ¢? CDD: conserved protein domain database
1l Genome: whole genome sequences $ 3D Domains: domains from Entrez Structure
—2_ Structure: thras-dimensional macromalecular structures @ P UnisTS: markers and mapping data
‘@4 Taxonomy: organisms in GenBank @ Dy Popset: populstion study dats sets
= AR
I SNP: single nuclectide palymorphism £8) GEO: expression and molecular abundance profiles @
¥
¥ | Gene: gene-centered information €5 GEo DataSets: experimental sets of GEO data
i
4 HomnlnRene: Fikarntic hamalany aranns m (B cancer Chromosomes: cvtnasnetic datsbases &l

22

Database to search

SRS

[*| EMBOSS Results
[=] Sequence databanks - complete

Database to search

[« EMBL [~ RefSeg [«] SWISSPROT
[T REMTREMBL [~ ENSEMBL [~ UniProt

[~ ENSEMBLFLY [~ ENSEMBLFUGU [ ENSEMBLZEBRAFISH

Fields you can search four search terms

In a single field, you can separate multiple values by &, |, | my Search j
i ] | Crganism Mame | |h-:| mo sapiens
O | Description | hemoglobin betd

© [Aien =l
0 |ATes =

Specific textbox for
keyword search

http://srs.ebi.ac.uk/ 23
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Understanding database
annotations

» What information do they contain ?

Genbank

24
S hing Genbank
National Center for Biotechnology Information
Library of Medicine National Institutes of Health K d
Entrez LA, Ohdlkd ooks Structure eyWOf
<[] DMD & BLAST
search
» What does NCBI do?
Established in 1988 as a national resource for - » Clusters of
molecular biology information, NCEBI creates orthologous groups
public databases, conducts research in .
computational biology, develops software tools * Electronic PCR
for anakzing genome data, and disseminates ro
biornedical information - all for the better e TrEesian
understanding of molecular processes
affecting human health and disease. More. .. ¥ Geres and disease
PubMed Central » Human genome
. - - . resources
An archive of life sciences journals
0 [ ¥ Human/mouse
L] 0_ver 100,000 articles from over 130 journals homology maps
@ Linked to PubMed and fully searchable
Use of PubMed Central requires no registration or fee. » ;
Access it from any computer with an Internet connection LocusLink
¥ Malaria genetics &
~NCBI Web Site Search, genomics 25
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GenBank Flat File (GBFF)

*Title
H ead er sTaxonomy

«Citation

Features (AA seq)

DNA Sequence

26

FASTA format

* A sequence in FASTA format begins with a single-line
description, distinguished from the sequence data by a
greater-than (">") symbol in the first column.

»2p|P11532| DMD HUMAN Dystrophin - Howo sapiens (Human) .

HLUWEEVEDCYEREDVORKTF TRV AQF SKF GROHIENLF3DLODGRRLLDLLEGL TG
ELPRERGATRVHALNNVINKALRVL QNN LVN TGS TD IVDGNHEL TLGL IWN T TLHWOY
KNVMEN THAGLQOTNSERILLAWVROS TR YPOVIV INF TTSUSDGLALNAL THSHRPDL

THIMICTALS S A TENT TTATMTATWASAT ATV T RATHIMTTYVNIRTISTT MW TTOT TAUT T

27
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Entrez Gene

Focuses on the genomes that have

been completely sequenced,

an active research community to contribute gene-specific
information, or that are scheduled for intense sequence
analysis.

The content of Entrez Gene represents the result of

curation and automated integration of data from NCBI's
Reference Sequence project (RefSeq), from
collaborating model organism databases, and from many

other databases available from NCBI.

http://www.ncbi.nlm.nih.gov/entrez/ 28

Search interface for

- T

Entrez Gene == inin g
ein Gene ure c amy Books oMM
~ |for &) current records only

Limits Preview/index History: Cliphoard Details

Entrez Gene is a searchable database of genes, from RefSeq genomes, and defined by sequence and/or located in the NCBI

Map Viewer
Sample Searches
Find genes by... Search text
free text human muscular dystrophy
partial name and multiple species transpaorter[title] AND {"Drosophila melanogaster'[orgn] OR
"Mus musculus[orgn
chramosome and symbal (fchr] or 2[chr]) AND adh*[sym]
associated sequence accession number M11313[acen
gene name (symbal) BRCA1[sym
publication {PubMed 10) 11331580[PMID]
Gene Ontology (GO) terms or identifiers "cell adhesion"[GO]
1720[GO;
chromosome and species ¥ [CHR] AND human[ORGHN
Enzyme Commission (EC) numbers 1.9.3.1[EC

more ways to search.

Information which are well integrated ! 2

18/5/2009
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~Curated information from RefSeq

] s ey s s s e sy E— =
[J1: HBB hemoglobin, beta [Fomo sapiens]

GeneID: 3043 Primary source; HGITC4827

Summary 24

Official Symbol: HEE and Name: hemoglobin, beta provided by HUGO Gene Momenclahire Comnrmittes

See related: HPED:00786, WINL141500

Gene type: protein coding

Gene name: HBB

Gene description: hemoglobin, beta

RefSeq status: Reviewed

Organism: Homo sapisrs

Lineage: Bukaryota; Metazea; Chordata; Cramiata; Vertebrata; Buteleosiomi; Marunalia,; Butheria; Euarchontoglires;
ates; Ha ; Clata ' ; Howme

Gene aliases: HBD, CD113t-C; hemoglobin

Summary: The alpha (HEA) and beta (HEE) loci determine the structure of the 2 types of polypeptide chains in adult hemoglobin, Hb
4. The normal adult hemoglobin tetramer consists of two alpha chains and two beta chams. Mutant beta globm cavses sickle cell
anemia. Absence of beta chain causes beta-zero-thalassemia. Reduced amounts of detectable beta globin causes
beta-plus-thalassemia. The order of the genes m the beta-globin cluster is 5'-epsilon -- gamma-G -- gamma- 4 -- delta -- beta--3'.

Genomic regions, transcripts, and products N

(muinus strand) RefSeq below
HC_000011.8

Ase04877] 5200272

5 E
NH_DO0 S NP_000SDS  CEDSTFSS1

B - coding resion W - untranslobed resion

f} Entrez Gene Home

updated 12-bday-2006 = Table Of Corterts

Summary
Genomic regions, banseripts
Genomic context
Bibliography

Interzctions

General gens information
General protein information
Reference Sequences
Related Sequences
Additional Links

El Links

HIH GDHA clone

Hooks

Conservad Domains
Genome

GED Profiles

HomaloGene

Wap Viewer

Hucleatide

OIn

Full test in PMC

Fiobe

Fiotein

Fubhied

Pubhzd (GenzRIF)

SHP

SHP: Genobype

SHP: Benelfiem
Taxanomy

UnisTS

Acaiien

Coos

Evidence Viewer

)

GeneTests for MiM: 191300

Genomic context See HBB in MapViewer 2
chromesome: 11; Location: 11p15.5
[ 5155526 (5221590
ORS2ZLP ORS1VL HEE = HED HEEP1
30
* RefSeq represents the NCBI curated “reference
sequences”.
* RefSeq are either genomic, mRNA or protein
sequences.
» All RefSeq sequences are assembled/taken from data
deposited into GenBank.
* Not all sequences are in RefSeq
» Contains useful annotations and it is manually curated
31

18/5/2009
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Some of the features of the RefSeq:

* non-redundancy
» explicitly linked nucleotide and protein sequences

» updates to reflect current knowledge of sequence data
and biology

» data validation and format consistency
« distinct accession series

» ongoing curation by NCBI staff and collaborators, with
review status indicated on each record

32

Looking at Refseq annotations

L ¥
SNucleotide
; E} C\eari

Lirnits Presviewndex History Clipbo

Display |GenElanK = ShuleD | Sendtol File | Get Subseguence I Fec

[~ 1: MM 004006, Homo sapiens dyst. [gi:5032282 . .
i vet. [ ] Accession Number starts with NM for mRNA sequences
LoCUS HI_004006 4—493@- mRMA linear PRI 04-0CT-2003
DEFINITION Homo sapiens dystrophin (muscular dystrophy, Duchenne and Becker
types) (DMD), transcript wariant DpdZTm, mRINA.

ﬂfor,

ACCESSION NM 004006
VERSION NIM_004006.1 GI:503z282 Consolidates information
KEVWORDS . . .
SOURCE Homo sapicns (muman) on all the publications for
ORGANISM Homo Sapiens this record.
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleosto

Mammalia; Eutheria; Primates; Catarrhini; Hominidae; Homo.
REFERENCE 1 (bases 1 to 13883)

ALUTHORS El-Harouni, A.A., Amr,K.35., Effat,L.K., Eassawi,M.L., Ism=il,3.,
Gad,¥.Z. and El-ivady,M.E.

TITLE The milder phenotype of the dystrophin gene double deletions

JOURNAL  Acta Neurol Secand 107 (&), 400-404 (2003)

MEDLINE 22642210

PUENED 12757471

REMARK GeneRIF: Patients with double deletion mwutations within the
dystrophin gene hawe a milder phenotype than patients harboring
gingle deletions at either mwajor or minor hot spots of the gene. 33

18/5/2009
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Links to sequence analysis tools

=] b

S5, wrking drafr. TPA, mBNA, Genomic DNARNA, RefSeq

v v v v

Chamge Raglon Shawn
Cantosnirn View
Sequence Analysis Toals

BLAST S#quence

i

abast HES

34

Annotations and cross references

Jdb_xref="NIN:300377"
245..11302/ gene="DMD"

/note="Thi=s transcript variant represents the main form of

dystrophin found in muscle; AnnOtationS

go_component: peripheral plasms mewbrans protein [goid provided by the
0000157] [evidence E]: -

§o_component: cycoskeleton [goid 0005356] [evidence P] CUratIOn proceSS.
[pmid 3282674] ; Cross referenced to
go_function: structural constituent of cytoskeleton [goid

0005z00] [evidence P] [pmid 3252674]:; OMIM and GO
go_process: muscle development [goid 0007517] [evidence

HR] :

go_process: muscle contraction [goid 0006936] [evidence

HR] :

go_process: cell shape and cell size control [goid The amino acid

0007148] [evidence P] [pmid 3282674] "

Jeodon_start=1
Jproduct="dystrophin Dp427m isoform"
/prnteln71d= MNP 003997.1"
Jdb_xref="GI:5032283"

translation of the
coding sequence
(CDS)

Jdb_xref="GensID:1756"

Jdb_xref="LocusID: 17567
Jdb_xref="NIN:300377
/translation="MLUWEEVEDCYEREDVQKKTF TEWVNAQFSKFGEQHIENLFSDL

QDGRRLLDLLEGLTGOELPEKEKGS TRVHALNNVNEALRVLONNITVDLVN IGS T IVDG

HHELTLGLIWH I ILHWOVENVHEN IHAGL QQTHNSEKILL 3WYRQS TRN VP QU INF T

TEWSDGLALNAL THSHRPDLFDUNESVWCOOSATORLEHAFN I ARYOLGIEKLLDPEDY
DTTYPDERSILMYITSLFOQVLPOOVIIEAIQEVENLPRPPEVTREERF QLHHONHYSO

QITVSLAQGYERTS S PEPRFES YAV TOALYVTTSDPTRIPFPIQHLEAPEDKSFGISL
HESEVNLDRYQTALEEVLSWLLSAEDTLOAQGE ISNDVEVVEDQFHTHEGYMMDL TAH
QGRVGNILOLGEKLIGTGELSEDEETEVOEQMNLLNSRVECLEVASHEKQSNLHRVLY
DLONQELEELNDWLTKTEERTRENEEEPLGPDLED LEROVQQHKVLOEDLE QECVRVI 35
SLTHMVUWVDESSGDHATAALEEQLEVLGDRUANICRUTEDRWVLLOD ILLEWJRLTE

18/5/2009
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Links to other information

BEFERINCE G [bases I to G26)
MITHORS  Adama,3.G.. Sceinberg.M.H., Boxer,
and Taisteakis, 0.4,

IR The structure of hemogichin Indisnapolis [betaill(Gi4] arginise].

An unstable variant detectable only by lsetopic labeling
JOURNL 3. Biol, Chem. 284 (9}, 379-3482 (1979)

MITHORS  Moo-Penm,U.F., Uolfd,J. k., Simom,.. Vacek,E., Jue,D.l, and

Jokmacn, N K.

TITLE Hemoglabin Peesbytesinn: betal0R (510) asparagine leads to lysine, + Gangme B

A bemoglobin variant with low oxygen affimity
JOURNAL  FERS Leer. S (1), 5356 (1979)
e

PIRRNED
REFERENCE & (hases | to £26)
ArTERS

Busin, B.F., Gabbay, K5, and Gallep, . by
TITLE The ol 1 to disbetes mellitas » Probe
JOURNAL  Scitnct 200 (40371, 21-27 (1870) « Bl
PUBNED 635543
PEFERINCE 9 (bases 1 o 626) » Puibiisd

AUTBORS  Mavores,C.i., Wilsom,J.T., Forger,B.G. and Weismsan, 5.0,

TITLE Himars beza-glo
from complementary DA

JOUSNAL 0. Biol. Chem. 282 (14), S04D-5083 [1577)

PUBNED G835

in messeoger BNA. TTI, Nuc

REFERENCE 10 [bames 1 to G2E) » d Sequinces
AUTHORS  Proudfoot,N.d. » Map Viewer
TITLE Complete 3' noncoding region sequénces of rabbit and himsan

beta-globin messenger Fhks » OMIM
JOURNAL Cell 10 (4), 559-590 (1577) v GEO Profiles
PUSNED 67397 i}
CONMENT  REVIEVED PETSEQ: This tecord has been curated by HCBI svaff. The » GF
reference sequence was derived from L4V » UniCiire
On Feb 11, 2000 this sequence version replaced gi .
» UniSTS
Susmary: The nlpha (HBL) and bees (HEE] loci determime che + LikOt

ure of the I bypes of polypeptide ¢

er, f.L.. Forgee,B.6.

otide seqesncen dagived

mins in sdalt hemoglebin,

» Gandliew in dbSNP
» Ganome

v Ganame Propet

» HomoloGene

» PubMed (FefSeq)
» Puithed (Waighted)
» Tamenomy

36

THED hamoglobin, baka | i sapes |
GenelD: 3043

updated 03-May-2009 ¥ Tapie Of Contents

Summary ) §
Official Symbol  HIE GONGMIC CONLAKT
BGHC Biblicgraphy
Official Full Name  hemoglobin, bets Ganeral gene information
GhC Ganeeal protain infarmatian
Primary source  HGHC a8z Referance Sequences
Pelated Seguences
See reloted Ersecibl DS 19170; 1O THE; MIM: 141800 Addeibienal Laiks
Gene type proten coding ¥ Links
RefSng status REVIEWED Order cDNA clone
&
Organism Home sanens
Lineage Fukaryota; Metazos; Chordate; Craniata; Vertebrat, ‘ ; Butheria; B TR Domaine
Frimatos; Haplorrting Catarshuni; Momindae; Hamo bt
Also known as  CO113t-C; batasglobing MBS u="‘=!045“9
B —
Summary The alpha (HBA) and beta (H88) loci determine the structure of the 2 types of palypeptide chans in adult Hutleotde
hemogiobin, WB A. Tha narmal sdult hamagiobin tatramar canests of twa 3lphs chaing and two bats chang OMEM
Mutant beta globn causes sickle cell anema. Absence of beta chain causes beta-rero-thalassemia, Reduced
amaunts of detestable bets globin causes bets-plus-thalsssernia, The order of the genes in the bata-globin
clester is F-apsion -- gamma=-G -- gamma=-4 -- defta == beta--3. [provided by RefSag]
Genomic regions. ranseripts. and products L
{minus strand) Go to reference sequence det, I T¥ITTY Migunt fubited (GumeRIF)
SN avinw
SNA: Ganatyne
WE_i0n 1, T
arman ] P ol

e sy s,

Enzembl
Evidonce Viewn

37

Exghsin

18/5/2009
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Eibliography Geae References into Function (GeneRIF):  Submit T

PubMed links
GeneRTFs

1 Drata show the Fequent justapostion of

ocetrs at ruclear speckles and correl

romosomes camying beta(0)39 my
ve to haplotype T (- - - - ++) (20%)
wdy of DMA polymorpha
implications in beta(S) gene o

ibya of huplotype TT (- ++ - +++) (5796) PubMed

: ther

= bo allow unc

and th

emetic. diversity of
ble effiects on the chrical phenotype

1a(5)-chromosomes, a

nscription in the human betaglobin ~ PubMed
- cainy silencing i vertel 1ot restricted to the centromes

heated m regadatmg witergen

- ol regron, am mherend property of spatial gene order yor deterrrmant of termporal g
expression dunng development
&. Finds hemozygosity for taro nuutations of beta-globin gene(TVE-II-1 and IVS-I-6)m £1% of the genctypes in Fowati
‘beta-thalassennia patients

Interactions Tt
Description ...

HRR Product o actang Ot Geistin Complox Reance Pubs.
Owe intaracts with beta-globin ongn

NC_000011.8 P 0061811 ORCH BIND TubMed
ey T

NC_000011.8 1000928 1 POLRZA PubMed
T b "

NC_000D11 8 N2 06

NP_D0S0S. 1 N9 000508 1 HAA?

NP_000509 1 K 000509 1 PubMed
NP_000509.1 Hemogiobin 7eta HAZ PubMed
NP_000508.1 Haptagicain He

Curated information from Pubmed

38
GeneOntology Related Sequences
Promdled by GOA ) Nucleotide Protem
Function Evidence Genomic 401592 CALD0182
binding A Genomic AT007346 AABG2044
herne binding [EA Genomic AT09180 AAD30656
on fon binding TEA Genomic AFUB3333  AAL63978
metel fon binding [EA Genomic AF104901 AACST372
molecular finction ulnown - ND Genomic AF105973 AACY7959
gxyen binding o e Genomic AFIS5606 AAF08258
omyen branspotter actvity  [EA Genomic AF186607 AAF08259
oxygen transporter activity  INAS  Publded
P.rocess Protein Accession Links
biological process unknown D 095408 GenPept| UniProt
oxygen transport Ea 095412 GenPept| UniProt
oxygen transport Has P§3371 GenPept| UniProt
fransport Ea Q14473 GenPept| UniProt
Component Q14477 GenPept| UniProt
;@w Ea Q14484 GenPept| UniProt
hemoglobin complex HAS Q14485 GenPept| UniProt
QATWET GenPept| UniProt
Homology: e o - - -
Mouse, Rat
Ifap Viewer Additional Links
Fhenatypes . gﬂégﬂr;gigngfngzuz
Erythrermias, beta- MIM: 141900 « GeneTests for MIM: 141900
Heinz body anemias, beta- M 141500 * HPED 00726
HPFH, deletion type MG 141300 ® HBB @ LOWD HEE
Methemoglobinemias, beta- MIW: 141900 e UCSC LUCSC
Sickle cell anermia T 141200 ® UniGene Hs. 523443
39

Cross references to UniProt

18/5/2009
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Links to other information

PEFEFINCE  © [bases 1 to 626)
MITHORS  Adama,3.G.. Sceinberg.M.H., Boxer, Forge:
and o
TImE The steucture of hemojichin Indianapalis [betalll{Gi4) arginize].
An unstable variant detectable only by lsetopic labeling
Jotal 284 397 79)
PUBNER
REFERINCE Dases 1 to 626}
AUTEORS Jue.D.L. and
TITLE leads to lysine,

8 (bases 1 261
Busn, B.F., ¥ KB, and Sallop, .M.
The glycosylation of hemoglobin: celevan disbetes mellitas

Science 200 [4337), 21-27 (1670)

9 [bases 1 to 626

SOA0-5053 [1577)

» Map Viewer

» DMM
Profies

teb

40

o+ SHotein —

_Go | _clear|

¥ v Loy
beta globin [Homo sapiens] Changs Reglan Shaws -
Custamise View -
NP_DOOS08 lanenr Saquance Analysis Tosls
bein globin [Homs sapissal .
WP_000s0: fagianta
ons of s ) wan this sequance and
e BLAST

quances using

tad in this protais

SRR BLAST. Masty watn

s | Mo ety | masnin

s arcomden s

1. gl =t FASTA sequence & G ey kg

Onvglesd e [ | @

Sah Tils I

T Aligs rus

oo ey

41
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Rubsrencs vequences

Mare sbout the HEE gens

Matane Aemmy

[l rg——

s Download sequences

for multiple alignment

GeneOntology

Provided by GOA

Function Evidence
binding IEA
heme binding IEA

iron ion binding IEA
metal ion binding IEA
molecular fiunction unknown ND
oxygen binding IEA

exygen transperter activity  TEA

oxygen transporter actvity  NAS  PubMed
Process

biclogical process unknown  IND

oxygen transport IEA

oxygen transport MAS

fransport IEA
Component

hemeglobin comples IEA

hemoglobin complex NAS

Homology:
Mouse, Rat
Iap Viewer

Phenotypes
Erythremias, beta- MG 141900
Heinz body anemias, beta- M 141500
HPFH, deletion type MG 141300
Methemoglobinemias, beta- MM 141300
Sickle cell anemia 2N 141900

Gene ontology

Related Sequences

Nucleotide Protem

Genomic A01592 CAADDIRZ
Genomic AFD07546  AABS2944
Genomic AF053180  AAD30656
Genomic AFUE3883  AAT6E37S
Genomic AF104901 AACHT3TZ
Genomic AF105973  AACHTI58
Genomic AF186606 AAF03258
Genomic AF1B6607 AAF0825%

FProtein Accession Links

035408 GenPept UniProt
035412 GenPept UniProt
Peag7l GenPept  UniProt
Q14473 GenPept UniProt
Q14477 GenPept UniProt
Q14484 GenPept UniProt
Q14435 GenPept UniProt
QATWET GenPept UniProt

Additional Links

MIM 141300

PharmGKR PAZ9Z202
GeneTests for MIM: 141300
HPRD 00786

HEB @ LOYD HEE

UCSC UCEC

UniGene Hs 523443

43

18/5/2009
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What is Gene ontology ?

GO describes how gene products behave in a cellular context.

The three organizing principles of GO are molecular
function, biological process and cellular component.

Molecular function describes activities, such as catalytic or
binding activities, at the molecular level.

A biological process is series of events accomplished by one
or more ordered assemblies of molecular functions.

A cellular component is just that, a component of a cell but
with the proviso that it is part of some larger object, which
may be an anatomical structure (e.g. rough endoplasmic
reticulum or nucleus) or a gene product group (e.g. ribosome,
proteasome or a protein dimer)

44

http://www.geneontology.org/GO.contents.doc.shtml

Gene ontology evidence codes

Evidence Codes
IC: Inferred by Curator
DA Inferred from Direct Assay
[EA: Inferred from Electronic Annotation
IEF: Inferred from Expression Fattern
IGL: Inferred from Genetic Interaction
IMF: Inferred from Mutant Phenotype
IPL: Inferred from Physical Interaction
155 Inferred from Sequence or Structural Similarity
MAS! Mon-traczable Auther Statement
MD: Mo biological Data available
RCA! inferred from Reviewed Computational Analysis
TAS: Traceable Author Statement
MR: Mot Recorded
Comments
Evidence Code Hierarchy
TAS v NAS
Motes on 1EP

http://www.geneontology.org/GO.evidence.shtml

45

18/5/2009
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GeneOntology

Provided by GOA

Function Evidence
binding EA
heme binding IEA

ron ion binding IEA
metal ion binding IEA
melecular function vnknewn  ND
oxygen binding IEA

oxygen transporter activity  IEA

oxygen transporter activity  NAS  Publed
Process

biological process unknewn IND

oxygen transport IEA

oxygen transport NAS

fransport IEA
Component

hemoglobin complex IEA

hemoglobin comples NAS

Homology:
Mouse, Rat
Iuap Viewer

Fhenotypes
Erythremias, beta- MM 141500
Heinz body anetnias, beta- MM 141500
HPFH, deletion type M 141200
Methemoglobmemias, beta- NI 141900
Sickle cell anemia ML 141900

Links to UniProt

Related Sequences

Nucleotide Protein
Genomic A01592 CALDDIRZ
Genomic AFD07546  AAB62044
Genomic AFD33180 AAD30656
Genomic AFDE33E3  AATGRITE
Genomic AF104901 AACHTIT2
Genomic AF105973  AACHTI58
Genomic AF126606 AAF02258
Genomic AF126607 AAF0R258
Frotein Accession Links |
095408 GenPest UniProt
05412 GenPept UniProt
P&3s71 GenPept UniProt
Q14473 GenFept UniProt
214477 GenPept UniProt
214434 GenPept UniProt
214485 GenPept UniProt
QATWET GenPept UniProt
QATZN4 GenPept UniProt
AETL T eTreet TTaiThns

Additional Links

® MIM 141500

® PharmGKe PA29202

® GeneTests for MIM: 141900

* HPRD DO786

* HEB @ LOYVD HEB

‘I

& UCSC UCSC

® UniGene Hs.523443

46

UniProt

* New protein sequence database that is the result
of a merge from SWISS-PROT and PIR.

« It will be the annotated curated protein sequence

database.

« Data in UniProt is primarily derived from coding
sequence annotations in EMBL (GenBank/DDBJ)
nucleic acid sequence data.

* UniProt is a Flat-File database just like EMBL

and GenBank

47
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UniProt

About UniProt

The Universal Protein Resowce (UniProt) is a prehenss for protein seq

and annotation data. The UniProt databases are the UniProt Knowledgebase (UniProtkKB), the

UniProt Reference Clusters (UniRef), and the UniProt Archive (UniParc). The UniProt

Metag ic and Envirc Sequences (UniMES) database is a repository specifically
foped for iic and envi | data.

UniProtKB

Proten knowiedgetase

| UniRer

Sequence custers
UniSet1o0 UniMES
Uniserss
Unidarsy anc en ntal
Uit ampes sacuences

UniParc - Sequence achive
_Coirerd Sna COSOMIS SSOUENCES

T

EMBLGenflaniD0B), Ensembl. olfar
sequEnce resoues

UniProt is a collaboration between the European Bicinformatics Institute (EBI), the Swiss
Institute of Bicinformatics (SIB) and the Protein Information Resource (PIR). Across the three
institutes close to 150 people are involved through different tasks such as database curation,
software development and support.

48

SwissProt

SwissProt : A curated protein sequence
database which provides a high level of
annotations and integration with other
databases.

http://www.expasy.org/sprot/

swisprot

EBI

49

18/5/2009

21



Swiss-Prot

* SWISS-PROT incorporates:
 Function of the protein
 Post-translational modification
* Domains and sites.
» Secondary structure.
* Quaternary structure.
 Similarities to other proteins;
» Diseases associated with deficiencies in the protein
» Sequence conflicts, variants, etc.

50

TREMBL

* TrEMBL is a computer-annotated protein sequence
database supplementing the SWISS-PROT Protein
Sequence Data Bank.

» TrEMBL contains the translations of all coding
sequences (CDS) present in the EMBL Nucleotide
Sequence Database not yet integrated in SWISS-
PROT.

* TrEMBL can be considered as a preliminary section
of SWISS-PROT.

* SWISS-PROT accession numbers are assigned to
TrEMBL entries which are upgraded to the standard
SWISS-PROT quality.

51
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Searching UniProt using
keyword or sequence similarity search

Search in Dusry
[Frotes Knowleddgebase (eFronss  J[ Sowrch ||
Search Bt~ Mg Fatran 10 Mappng
 Reviewed, UniProtK B/Swiss-Prot P68871 (HEE_HUMAN) '3-:-::;'&' -
Lavst madiflad Bhareh 24, 2009, Version 13, [ tistory.., — Accession Number | & re acsia bl o add yourown
= = Chusters wath 100%, 9%, S0% idensty | Docements (5) | Thirdparty deta | O Customezs srplay A0 N [T 73 S

Marmas and tegin - Pratwin alirbutes - Ganeral ansatation (Comemants) - Ontologies - Bary steractons - Saquince annstation (Featutns)  Sequinces - Rufsances - Wb sriousers - Crass-rfmners - Entiy
infoomation - Fralevart dacumenty

Names and origin Wi [ Tap
Protain names Racommanded name
Hemaglobin subunit beta
Affarnative namas)
Homogioben beta chain
Bata-giobin

Clagved into the following chasn,
1- Recommandad nami

Lv-hemerphin-T
Gena names Nama: HBB —
Ceganism Homo saplens {Human) Name, Organism, Taxonomy
Tasonomic idenbfies 605 MCET

52

niProt’'s annotations

Function Ivobvee in copgen rarmsport hom e bng 1o the viriows peripheral issues Function
L. 7 the actwty of , CBUSING in blodd pressue

Subunit Structure Histarotetrarmar of bwo alpha chy hasires in AAuT A (HEA)

Tissus spacificty Rad bload calls

Post-ransiational modification GAICO5S MEACTS NOM-ENzymaticaly with the M-temminus of the bata chain to form & stable ketoamine knkages. This takes piace skwly and
continuoushy throughout the 120.day ife span of the red blaod call The rate of ghcaion is incraased in patients with diabates malitus.

Senilrosated, & nilfic cxids group i first bound 1o Fe?™ and then transfimed to Cys-84 1o sow capture of

Acebdatod on Lys-50, Lys-83 and Lys- 145 upon sspnn exposure. "2 reports the idenbficabon of HEE acetylated on Lys-145 in the

oytosolic fraction of Hela cells. This may resulls from a contamination of the sampés

Irrvalvemant in diseass Diefiects in HBB mary b & cawse of Heinz body anerreas Wik 140700). This is a form of non.sphenocyic hemoltic anemia of Dacie iype 1
Alter splanactormy, which has lile benefit, basophibe inclusions called Hainz bodies ane demonstrable in the enthrocytes. Before
splanactormy, dMuse or punctalo basophilia may be evidert Mast of those cases are probably instances of hemoglobsnopathy. The
hemogictin demonstrates haat lability. Heinz bodies are obsened also with the Memark syndrome {asplania with cardiovascuiar

and vath g P dehciency

Dietects in HEE are the cause of beta-halassemia [Mik 141900, 804131] The ané th MOst common diseases
and ooour mosty in Mediterranaan and Southeast Asian populations. The halimank of bata-thalassemia is an imbalance in globin.chain
production in the adull HbA molacule. Absence of bata chain causes batall).thalassermsa, whils reduced amounts of detectable bata globan

causes bata”™ I the 5 fonms of beta. . @ GCess aipha globin Chans accumiuiata in the devaioping enhroid
precursors in the marmow. Their deposition feads 1o a vast increase in entheoid apopiosis that in ben causes inaffective enthropoiesis and
SArvere MICrOCYUC ypochromd anrmia. Cinicaly, bete thalassemia is dvided imo Frigjor

hia (ol savvanity), and thakas [
Detiscts in HEE are the ¢ of sckle coll anemea [MBM B03303], also knowa chie coll chsease. Sickhe col anermia is charactenized by
abnormally shaped Ailting in cheonic anemia and penods episodes of pain, sencws ifecbions and darmage b vital organs

MNormal red blood calls are round and flasable and ow aasily through Blood ves: but in sickda coll andmea, the abnormal hamogiobin
fralad Hh 5 calses red binod calis tn hecome shift They are C.shaned and rasambies A sickie Thesa shifar red hiood cells can led in
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Literature references

« Hide Targ# scale’ refbrences

“Muclectide sequence analysis of coding and noncoding regions of human beta-globin mRMA."
Marotta ., Forget B, Cohen-Solal M., Weissman S M

Prog. Nuclsic Acid Res. Mel. Biol. 19:165.175{1976) [PubMed: 1019344] [Abstract]

Cited for NUCLEOTIDE SEQUENCE [GEMOMIC Dha|

“The nuclectide saquence of the human beta-globin gene.”
Lawn F: M, Efstrat ,O'Connel C, Manéatis T

"The beta-globin recembinational hotapot reduces the affects of strong selection around HBC, a recently arisen mutation providing resistance to
malaria."

Wood E.T, Stover DA Slatkin M., Machman MW, Hamemer MF

Am J Hum Ganet. 77 637-642[2005) [Fubhad 1617
4 for. HUCLEOTIDE SEQUENCE [GENOMIC DMA], VARLANT

“DNA sequence of the human beta-globin gene isolated from a healthy Chinese.”
L HuZH DuC S, Fu¥5s

1947} 1o the EMBL/GenBankDOE.) databases

1E SEQUENCE [GENOMIC DR

“Unexpected patterns of globln mutations in thalassemla patients from north of Portugal ™
Cabada JM, Comela C , Estevinho A, Cardoso © , Amonm ML , Cleto £ ,Coimbra € , Finha L. ,
Suomittsd [ALUG- 1998) to the EMELGenBankDDE. databases

Cabed for: NUCLEOTIDE SEQUENCE [GENOMIC DNA|, YVARIANT ARG-113

“Rapld detection of electrophoretically silent, unstable human hemaglobin 'Loulsville’, (Beta; Phe 42 Lew[TTT to CTT) by cDNA sequencing of mRMHA™
Hutlat B Harbin J, Brisco J, Kullar A

Submitted [JAN-19%4) to the EMBL
pd for NUCLEQTIDE SEQUENCE [MRNA], VARIAN

54

Sequence annotations

W fey s e [
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Amino acid modifcation & Variations

PE8ETI[131], Hemoglobin subunit beta, Home sapiens (Human)

) 0 30 50 &0
EVHLTPEERS AVTALUGKVE VDEVGOEALG RLLVVIPWTO AFFESFODLE TROAVAGHPE

120

VEARGRIVLE NLEOTFATLS ELHCOKLEVD PENFALLONV LVCVLAHHFG

130
EEFTFIVOLL TORAAGVAR

Secondary structure & sequence

Secondary snucine

Length  Mass ila)  Tooks

FASTA a7 15995 [Binsr =] go

2 10 &

0 20 50 &
SVELTPEERE AUTALWIKVN VDEVOOEALS RLLVVYPUTS RFFESFODLE TREAVESNTE

m " 5 100 10 10
VEAHOKRVLG APSDOLAKLD MLEGTTATLS ELECOELEVD PENRFRLLGNY LVCVLAHEFG

129 149
FEPTORVOLA VOVVASYIN ALANETH
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GeneOntology Related Sequences
i:s:izi by GOA Evidence Nucleotide Protein
. o Genomic A01592 CALDDIRZ
F— A Genomic AFOUT546 AABG2944
heme binding Ea Genomic AF053180  AAD30656
iron ion binding Ea Genomic AF0Z3883 AALEESTS
metal ion binding EA Genomic AF104901 AACHI372
moleeular function unknown WD Genomic AF105973 AACH7958
zﬂgﬁ;ﬂiﬁer - gﬁ Genomic AF136606 AAF02258
ompgen transporter activity ; i
oxygen transporter activity  NAS  Publhded Genomie  AFIESE0T  AATORLE
Process Protein Accession Links
biological process unknown D 0U5408 GenPept UniProt
oxygen transport LEA 095412 GenPept UniProt
oxygen bransport WAS PEEaT1 GenPept UniProt
ramspert Ea Q14473 GenPept UniProt
Component Q14477 GenPept UniProt
hemoglobfn complex IEA 014484 GenPept  UniProt
hemoglobin complex NAS Q14485 GenPept  UniProt
Q4TWET GenPept UniProt
Homology: QATZMA GenPept UniProt
Mouse, Rat MEIRTA (RoeTiomt TToMens
Idap Viewer
Additional Links
Fhenotypes

Erythremias, beta- MM 141500
Heinz body anetnias, beta- MM 141500 PharmGkE PA20202
HPFH, deletion type M 141900 GeneTests for MIM: 141900

* MIM 141900

.

.
Methemoglobmemias, beta- NI 141900 * HPRD 00786

HBB @ LOVD HEB Link to the
Sickle cell anerma MW 141900 e e UCSC Gonome

UniGene Hs, 52344 browser

Link to other resources %8

Additional information from the UCSC Genome browser

Genomes lat Gene Sorter PCR ONA Convert Ensembl ¥ Session Halp
UCSC Genome Browser on Human Mar. 2006 Assembly
move ao | o] ¢ o] wn | oox feeomin 15 | 3w | 0w | boaw |reomow 15| ] i |

ponmentprarch fchel ETI-5305378 g | car e 2409 b | nniues |
= ] _ Position in genome

Gene Composition
(introns/exons)

View its
) _ conservation
across various
organisms

move stat  Chek on a fratuen for detada. Chck or drag i the base portion wack b saom n Chck grapblor  move end
1]

€ F0 3 [bars cnlet for mack opssns s descrpbions i »
op rpic
dutsvacks | Weend | add cuskmbncks | conbgue | nnarie | twah
= Use drop-down controls bedow aed paess refresh 1o aher racks duplayed |

Tracks weh Jots of drms will wcmatcally b daplayed & mors ¢ompact wodri

=2 Mapping and Sequencing Tracks [ reveas |

mcbaod  SLS Makers F:fg[-?‘om.' Becsnh Fage Lap Co
e j' R | = e -|
kA ot Dy -

e S

G Per

http://genome.ucsc.edu/ 59
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Pathway information from Biocarta:
http://cgap.nci.nih.gov/Pathways/BioCarta_Pathways
KEGG: http://www.genome.jp/kegg/

Structure information from
Protein Databank: nttp:/mww.rcsb.org/ 60

Database mirror

« Many of the databases are mirrored e.qg.
Swissprot

« SRS and UCSC Genome browser are
also mirrored at various sites

* If you are unable to access the main site,
please try one of the mirror site

61
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Take home message

* Itis important to understand how to use
these databases effectively

62

Understanding databases

» Able to recognize various data formats,
and know what their primary use is.

» Know, understand and utilize all types of
sequence identifiers.

 Know and understand various feature
types present in the flat files

63
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This afternoon’s hands on practice

» Compare the difference between using ENTREZ and SRS
to search different types of databases and multiple
databases at once

* Finding the right sequence more reliably and viewing
results in different ways

» Looking at other resources: Online Bioinformatics
Resources Collection

64

There are many online bioinformatics
resources out there !

D7RO-D78S Naclic Acids Research, 2007, V. 35, Dulabase isue Published online 15 Novenber 2006 Where do
doi: 10,109 marf g 781 | start ?

The Online Bioinformatics Resources Collection at
the University of Pittsburgh Health Sciences Library
System—a one-stop gateway to online bioinformatics
databases and software tools

Yi-Bu Chen*, Ansuman Chattopadhyay, Phillip Bergen, Cynthia Gadd' and Nancy Tannery

Health Sciences mery System, Jnlvnrslly of F'u‘lsburg)\ 200 Scaife Hall, 3550 Termace Street, Pittsburgh,
PA 15261, USA and ' Unhwersity, 2209 Garland Avenue, Nashlle,
TN 37232-8340, U‘si\

Flocaived August 14, 2006; Flovised Soplember 13, 2006; Accoptod Octobor 1. 2006

ABSTRACT
To briuge Ine gap between Lhe rising
needs | and medical and|

the rapldly growing number of online bicinfor-|
malics resources, we have crealed the Online|
Biolnformatics Resources Collection (OBRC) al the|
Heallh Sciences Library System (HSLS) at the
University of

1542 major online bioinformatics databases and|
soltware lools, was construcied using the HSLS|

conlenl managemen! syslem buill on the Zope®
Web application server. To enhance the output of
search results, we turlher implemented the Vivisime |, z 2 ng
Clustering Engine®, which automatically organizes |1 vali idaiing their results, ’ ' h 65
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Health Sciences Library System About HSLS - Contact Us - Remote Al:v;ess-

Serving the University of Pittsburgh and UPMC

Journals & Articles * Books * More Resources ® Library Services * How Do 1?7
HSLS Home > Guides > Molecular Biology >

OBRC: Online Bicinformatics Resources Collection

OBRC
® Ermail Suggestions

® Recommend a New
Resource

search.HSLS.OBRC About search.HSLS.0BRC

Databases/Tools | Articles on Databases/Tools | Web

Databases/Tools

Find molecular databases & software tools with a combined search of the HSLS
Online Bioinformatics Resource Collection {OBRC) & the BioMed Central Databases collection,

] Search

Search Examples: keyword (Haphap, SNFY;, phrase (protein structure prediction)

OBRC contains annotations and links for 2394
bioinformatics databases and software tools.

® DNA Databases and Analysis Tools (4400

® Enzymes and Pathways (195)
* Gene Mutations, Genetic “ariations and Diseases (2100

* Genomics Databases and Analysis Tools (509)
® Immunological Databases and Tools (51)
® Wicroarray, SAGE, and ather Gene Expression (174) 66

The primary sources of OBRC are the databases and software tools published by the NAR (http://nar.oxfordjournals.org/).

Locating large numbers of online
resources is difficult

« information about these online resources is scattered in
various life science journals and around the Web,

» few web sites currently provide a guided access point
with searchable links to a majority of these resources.

* locating bioinformatics resources through literature
searches is often very difficult

» searches using Web search engines e.g. Google, are
often ineffective because they rank web sites by
popularity rather than their relevance, and that Web
search engines do not discriminate between reliable and
unreliable web sites.
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