joanne@msl.ubc.ca wireless login:

mslguest

4myguest

Laboratory Bioinformatics

Common tools, useful databases, and tricks of the trade for
practical use in the laboratory.

bioteach.ubc.ca/bioinfo2010



Workshop Schedule

Monday

® Laptops, available here for |
your use 9am - 4:30pm Session I

10:30 - BREAK

® wireless login 11:00

Session 11

12:00

mslguest -

13:00
Session III

4myguest

14:30 - BREAK

15:00
Session 1V




Today’s Plan

¢ Intro Activity

® Subject - Public Resources at the NCBI

¢ GUIDED TOUR - Database Searching with Entrez
® PRACTICAL EXERCISES - Data Retrieval

® TIPS & TRICKS - PubMed, MyNCBI, Bookshelf...




Bioinformatics for Biologists

INTERDISOIPLINARY STUDIES

o - ROoM |

CHEMISTRY FOR GEOLOGISTS 127
MATH FOR ARCHEOLOHISTS 214
PHYSICS FOR PSYCHOLOGISTS 204,
BIOLoGY FOR MATHEMATICANS 319
GEOLOGY FOR ENTOMOWGISTS 1Y
BOTANY For ASTRONOMERS (5 A\

/

ANATOMY FOR PRYSWCISTS (
PaYCHOLOGY FoR LABORATORIANS
ANTRROPOLOGY FOR CHEMASTS
TORoLOGY FOR PALEONTOLO 1

NUCLEAR P\ 7 s
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Growth of GenBank

———— ¥

1
2002
2003

2006 5507

In 2005, International
sequence databases
exceed |00 gigabases




NATIONAL BESTSELLER

=X Easgoruatimg torad oo il Moo grmesivs Iy weand B catch a

GENOME

P ¢ . ¥
s b - =,E%E -

=

- DESE N g%:c;},
» @ ) \d ‘Q‘ :5

THE AUTOBIOGRAPHY OF A
SPECIES IN 23 CHAPTERS

MEASTE L RATID EY




Personalized Medicine!?

In the Genome Race, the Sequel Is Personal

September 3, 2007
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What is Bioinformatics?

understan-
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Laboratory Bioinformatics




What is Bioinformatics?

Goals & Priorities




Bioinformatics is an
interdisciplinary research field

that involves the integration of
computers, software tools,
and databases in an effort to
address biological questions.




Bioinformatics Questions

® What is encoded by the ® How can we interpret the
genome! information encoded in the

- Links between genes, genome!
regulatory, and functional - Linking knowledge to the
regions biological entities.
Systems biology
® How is genome information approach

) .
expressed! - drugs, metabolites, ...
- Function of genes and

gene products (proteins) ® How does the genome

- Structure of proteins interact with its
environment?

How do we best educate ourselves/others to take
advantage of the latest ‘omics research!?

12




Overview of Topics™

‘/ Day | - Public Database Resources NCBI
s/ Day 2 - BLAST, BLAST, more BLAST
\/Day 3 - MSA, Genome Browsers, GEO

*additional topics can be scheduled as
necessary

05:30
Session 1

10:30 - BREAK

sap 11:00

Session II

00 EERL
LUNCH

nn BEBMNY
-

Session III

'14:30 - BREAK

00 15:00

Session IV




Summary

An article called,“What is Bioinformatics?” is
available from the Science Creative Quarterly.
http://www.scqg.ubc.ca/what-is-bioinformatics/



http://www.scq.ubc.ca/what-is-bioinformatics/
http://www.scq.ubc.ca/what-is-bioinformatics/

Sequence Databases

Public Resources at the NCBI
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NCBI

Created in 1988 as a part of the
National Library of Medicine at NIH

Establish public databases
Research in computational biology
Develop software tools for sequence analysis

Disseminate biomedical information




www.ncbi.nlm.nih.gov

53‘ NCBI Resources How To My NCBI Sign In

S _ Search | All Databases
< NCBI

National Center for

Biotechnology Information

Resources

NCBI Home Welcome to NCBI Popular Resources

All Resources (A-Z) The National Center for Biotechnology Information advances science and PubMed

health by providing access to biomedical and genomic information. PubMed Central
Bookshelf
BLAST

Proteins Gene
Nucleotide

Literature

DNA & RNA More about the NCBI | Mission | Organization | Research | RSS

Sequence Analysis

Protein
Genes & Expression Genome

GEO
Genomes & Maps ‘ : A 4 Conserved Domains

1000 prokaryotic genomes are
Domains & Structures now completed and available in
the Genome database.

Structure
PubChem
Genetics & Medicine

Taxonomy n 1 2 3 4
Data & Software

NCBI News

OMIM's new look, 10 May 2010
How To... Epigenomics in April
Obtain the full text of an article NCBI News

The April NCBI News issue is now
available.

Training & Tutorials

Homology

Small Molecules Retrieve all sequences for an organism or taxon
Variation Find a homolog for a gene in another organism
NIH Roadmap
Epigenomics Project
data in GEO database

GEO's Roadmap Epigenomics
Determine conserved synteny between the genomes of two organisms Project Data Listings page allows

Find genes associated with a phenotype or disease
Design PCR primers and check them for specificity
Find the function of a gene or gene product

See all ...

March News issue 039 Apr2010


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

Pogulr Resources
Resources

NCBI Home Genotype and Phenotype l E!'El Pkt

PubNoc Centra

All Resources (A-Z) Data from Genome Wide Association Booahet

Litersh studies that links genes and diseases. - BLAST
e See study variables, protocols, and Gene

DNA & RNA analysis, Nuclootide
ew -~
Proteins w1 B 3 GRO

Conserved Domains
Sequence Analysis v 3

"°‘~ T » St.cture
Site Guid G " o
I e u I e Genomes Obtain the full text of an article

Mags & Markees Retrieve al 5equences 1or an organism or taxon NCBI News

Find a homolog for a gene in ancther arganism
Domains & Stnuctures ) 0 o NCEB! News - Septomber
Find genes assocated with a phenotype or dsease 2000

Design PCR primers and check them for specificity Tre Seplember 2009 ssue of the
NCE Nows 5 avislatie

Genetics & Medicne

Taxonomy Find the function of a gene or gene product

NCE News - August

2009

Toineg & To{DNA & RNA The August 2000 issue of the NCSI
Naws is avalabie ondne. .

Homology Resources How To NGB News - Ay 2009

Sevall Mokecy Tra Juby 2000 issua of

Resources | oo i ] EEE

BLAST (Basic Local Nore

Data & Software Find syntenic regions between the genomes of two organisms

BioSystems

Database that groups bi
molecules, and sequence data

relationships. How To

H OW I O Outabase of Expressed Sequence T Download a large, custom set of records from NCBI
[ XX} A divison of GenBank that

View/download features around an object or between two objects on a chromosome
reads of cONA (ranscript) ' . -

searched drectly through the Link from an object on @ map %0 another resource

Database of Genome Survey Seque Obtain a ganomic DNA clone for a gane

A division of GenBank that co Retrieve all sequencas for an organism or 1axon
reads of genomic DNA. Find a curated version of a sequence record (NCBI Reference Sequence)
through the Nuclectide GSS
Find transcript sequences for a gene
GenBank
Design PCR primers and check them for specificty
Tha NIH genetic sequence
colecton ol all pubicly ava Save a text search and/or recaive regular search results by e-mail

PR I Ry

How To: Retrieve all sequences for an orgaﬁlsl;l or taxon

sequence

Starting with an organism or 1axon name

1. Search the Taxonomy database with the arganism name. Accepted common names usually
work at all taxonomic levels. Use the scientific name or formal name if no results are oblained
with the common name.

. Click on the desired taxon name in the results. For terminal 1axa - generally subspecies,

Species, or strains - this link leads directly to the summary page. For higher taxa this lnk will
lead 10 the Taxonomy Browser showing ™e lower taxa contained within the higher taxon

. ¥ necessary, click on the desred taxon ink in the Taxonomy Browser to reach the summary
page

. The number of records In each database are linked in the Entrez records table on the taxon adapted from NCBI NeWS,
summary page . Click the linked number of records in the table to retrieve all records from the
chosen sequence database (Nucleotice, Nuckeatide EST, Nucieotide GSS, Protein) November 2009




<
<> NCBI

PubMed

Entrez

The NCBI ftp site

FTP site

BLAST OMIM Books TaxBrowser Structure

Search | All Databases

+ | for

(Go)

NCBI

SITE MAP
Guide to NCBI
resources

About NCBI

The science behind
our resources. An
introduction for
researchers,
educators and the
public.

GenBank
sequence
submission support
and software

Molecular

databases
sequences,
structures and
taxonomy

Literature

databases
PubMed and OMIM

Genomic Biology

Major resources available by ftp (fip.ncbi.nih.gov):

I» BLAST Basic Local Alignment Search Tool

Download the BLAST database and stand-alone sequence comparison
software.

I» CDD Data
Download data from the Conserved Domain Database.

I» CD-Tree

Download the protein domain hierarchy viewer and editor.

P Cn3D

Download the stand-alone software for viewing 3-dimensional structures.

I» Data Repository

Download collections of contributed molecular biology

I dbGaP

Download open access Genotype and Phenotype dati

I» GenBank

e 30,000 files per day

® 620 Gigabytes per day

Download the full release database, daily updates, or vwwoomes:

Note: there is a mirror site for GenBank files at Indigga University (bio-
mirror.net/biomirror/genbank).
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NCBI Databases & Services

GenBank largest sequence database

Free public access to biomedical literature

® PubMed free Medline

® PubMed Central full text online access

Entrez integrated molecular & literature databases

BLAST highest volume sequence search service

VAST structure similarity searches

Software and Databases

21



Types of Databases

Primary
Databases

\/Original submissions by
experimentalists

\/ Content controlled by the
submitter

s/ExampIes: GenBank, SNP,
GEO

Derivative
Databases

‘/ Built from primary data

J Content controlled by
third party (NCBI)

J Examples: Refseq, TPA,
RefSNP. UniGene, NCBI
Protein, Structure,
Conserved Domain




What is GenBank!

NCBI’s Primary Sequence Database

Nucleotide only sequence
database

Archival in nature
Historical

Reflective of submitter point of
view (subjective)

Redundant

GenBank Data

s/Direct submissions (traditional
records)

s/Batch submissions (EST, GSS,
STS)

s/ ftp accounts (genome data)




DDB] EMBL

\ @ Y
s getentry * t

N

~

International
Sequence
Database T Entrez

Collaboration y

- submit anywhere < NCBI
- daily updates -

S—
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HMELEASE

enBank

Genetic Sequence Databank
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enBank: NCBI’s Primary
Sequence Database




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

Release |77 April 2010
177,473,850 Records

279,884,898,285* Total Bases
*includes WGS

® full release every two months
® incremental updates daily

® available only via ftp




Growth of GenBank

|
1990 j99c. 4"'I||=II|\iii|
2003 i |

2004 2005

2006 ;407

Current Release 177
Doubling fime 12-14 months GenBank M WGS
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http://www.ncbi.nlm.nih.gov/Sitemap/samplerecord.html
http://www.ncbi.nlm.nih.gov/Sitemap/samplerecord.html

Traditional GenBank Record

LOCUS HSHMLHI 2503 bp mRNA linear PRI 31-MAR-1994

DEFINITION Human DNA mismatch repalir (hmlhl) mRNA, complete cds.

ACCESSION u07418

VERSION Uu07418.1 GI:466461

KEYWORDS

SOURCE Homo sapiens (human)

ORGANISM Homo sapiens

Eukaryota; Metazoa; Chordata; Craniata; Ve leostomi;
Mammalia; Eutheria; Primates; Catarrhinj

REFERENCE 1 (bases 1 to 2503) o
AUTHORS Papadopoulos,N., Nicolaides,N.C., Wej AcceSSIon

Carter,K.C., Rosen,C.A., Haseltine,

Fraser,C.M., Adams,M.D., Venter,J.C .Stable
Watson, P., Lynch,H.T., Peltomaki,P.

Kinzler,K.W. and Vogelstein,B. .Reportable
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FEATURES

source

Location/Qualifiers

1..2503

/organism="Homo sapiens"

/db_xref="taxon:9606"

/chromosome="3"

/map="p21"

/tissue type="gall bladder"

/dev_stage="adult"

1..2503

/gene="hmlhl"

42..2312

/gene="hmlhl"

/function="DNA mismatch repair"

/note="human homolog of E. coli mutL gene product,
Swiss-Prot Accession Number P23367"

/codon_start=1

/protein 1d="AAAL17374.1"

/db rref="GI:466462"
/translation="MSFVAGVIRRLDETVVNRIAAGEVIQRPANAIKEMIENCLDAKS
TeIQVIVKEGGLRLIQIQDNGTGIRKEDLDIVCERFTT SKLOSFEDLASTISTYGFRGE
ALASTSHVAHVTITTKTADGKCAYRASY SDGKLEAPPKPCAGNQGTQITVEDLEYNIA
TRREALENPSEEYGKILEVVGRY SWVHNAGISF SVKKQGETVADVRTLPNASTVDNIRS
VEGNAVSRELTETIGCEDKTLAFKMNGY I SNANY SWVKKCIFLLFINHRLVEST SLRKAT
ETVYAAYLPKNTHPFLYLSLEISPQNVDVNVHPTKHEVHF LHEESTILERVQQHIESKL
LGENSSRMYFTQTLLPGLAGPSGEMVKESTTSLTSSSTSGE SDRVYAHQMVRTDSREQR
LDAFLOQPLEKPLSSQPQATVTEDKTDIS SGRARQODEEMLELPAPAEVAAKNQSLEGD
TTRGTSEMSERRGPT SSNPRERHREDSDVEMVEDDSRREMTAACT PRRRIINLT SVLS
LOEEINEQGHEVLREMLHNHSFVGCVNPOQWALAQHQTKLYLLNTTRLSEELFYQILIY
DFANFGVLRLSEPAPLFDLAMLALDSPESGWTEEDGPREGLAEYIVEF LKKKAEMLAD
YFSLEIDEEGNLIGLPLLIDNYVPPLEGLPIFILRLATEVNWDEEKECFESLSKECAM
FYSTIRRQYISEESTLEGQQSEVPGSIPNSWKWTVEHIVYRKALRSHILPPEKHFTEDGNT

"
LODANLEPDL YR R

well annotated

BASE COUNT
ORIGIN
1
61

723 a

gttgaacatc
ttattcggcyg
ggccagctaa
ttcaagtgat
ggatcaggaa
cctttgagga
taagccatgt
gagcaagtta
ggacccagat
aaaatccaag
atgcaggcat
tacccaatgc
aactgataga
ccaatgcaaa
tagaatcaac
acacacaccc
tgcaccccac
agcagcacat
ctttgctacc
cctcocgtette
attcccggga
agccccaggce
aagatgagga
tggaggggga
gcaaccccag
gaaaggaaat
tgagtctcca
accactcctt
tataccttct
attttgccaa
tgcttgectt
ttgctgaata
ctttggaaat
tgccccoccttt
acgaagaaaa
ggaagcagta
ccattccaaa
acattctgcc
ctgatctata
gttcttcttt
accaacataa
tacacagtgg

539 ¢

tagacgtttc
gctggacgag
tgctatcaaa
tgttaaagag
agaagatctyg
tttagccagt
ggctcatgtt
ctcagatgga
cacggtggag
tgaagaatat
tagtttctca
ctcaaccgtg
aattggatgt
ctactcagtg
ttccttgaga
attcctgtac
aaagcatgaa
cgagagcaaqg
aggacttgct
tacttctgga
acagaagctt
cattgtcaca
gatgcttgaa
tacaacaaag
aaagagacat
gactgcagct
ggaagaaatt
cgtgggctgt
caacaccacc
ttttggtgtt
agatagtcca
cattgttgag
tgatgaggaa
ggagggactg
ggaatgtttt
catatctgag
ctcctggaag
tcctaaacat
caaagtcttt
ctctgtattce
gtgttggtag
attgattata

599 g

cttggctctt
acagtggtga
gagatgattg
ggaggcctga
gatattgtat
atttctacct
actattacaa
aaactgaaaqg
gacctttttt
gggaaaattt
gttaaaaaac
gacaatattc
gaggataaaa
aagaagtgca
aaagccatag
ctcagtttag
gttcacttcc
ctcctggget
ggcccctcectg
agtagtgata
gatgcatttc
gaggataaga
ctcccagccc
gggacttcag
cgggaagatt
tgtacccccce
aatgagcagyg
gtgaatcctc
aagcttagtyg
ctcaggttat
gagagtggct
tttctgaaga
gggaacctga
cctatcttca
gaaagcctca
gagtcgaccc
tggactgtgyg
ttcacagaag
gagaggtgtt
cgatacaaag
cacttaagac
aataaataga

642 t

ctggcgccaa
accgcatcge
agaactgttt
agttgattca
gtgaaaggtt
atggctttcyg
cgaaaacagc
cccctcectaa
acaacatagc
tggaagttgt
aaggagagac
gctccgtett
ccctagectt
tcttcttact
aaacagtgta
aaatcagtcc
tgcacgagga
ccaattcctce
gggagatggt
aggtctatgce
tgcagcctct
cagatatttc
ctgctgaagt
aaatgtcaga
ctgatgtgga
ggagaaggat
gacatgaggt
agtgggcctt
aagaactgtt
cggagccagce
ggacagagga
agaaggctga
ttggattacc
ttcttcgact
gtaaagaatg
tctcaggcca
aacacattgt
atggaaatat
aaatatggtt
tgttgtatca
ttatacttgc
tgtgtcttaa

aatgtcgttc
ggcgggggaa
agatgcaaaa
gatccaagac
cactactagt
aggtgaggct
tgatggaaag
accatgtgct
cacgaggaga
tggcaggtat
agtagctgat
tggaaatgct
caaaatgaat
cttcatcaac
tgcagcctat
ccagaatgtyg
gagcatcctyg
caggatgtac
taaatccaca
ccaccagatg
gagcaaaccc
tagtggcagyg
ggctgccaaa
gaagagagga
aatggtggaa
cattaacctc
tcteoccgggag
ggcacagcat
ctaccagata
accgctcttt
agatggtccc
gatgcttgca
ccttctgatt
agccactgag
cgctatgttce
gcagagtgaa
ctataaagcc
cctgcagctt
atttatgcac
aagtgtgata
cttctgatag
cat

the sequence
is the data

gtggcaggag
gttatccagd
tccacaagts
aatggcaccd
aaactgcagt
ttggccagcs
tgtgcatacs
ggcaatcaag
aaagctttas
tcagtacacs
gttaggacad
gttagtcgag
ggttacatat]
catcgtctygg
ttgcccaaasg
gatgttaatdg
gagcgggtag
ttcacccags
acaagtctgs
gttcgtacad
ctgtccagtd
gctaggcagd
aatcagagct
cctacttccs
gatgattccd
actagtgtty
atgttgcats
caaaccaagt
ctcatttatg
gaccttgccs
aaagaaggad
gactatttct
gacaactatg
gtgaattggg
tattccatcd
gtgcctgget
ttgcgctcadg
gctaacctgd
tgtgggatgf
tacaaagtgf
tattccttts
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Derivative Databases




GenPept

® GenBank CDS translations

FEATURES Location/Qualifiers

source 1..2484
/organism="Homo sapiens"
/mol type="mRNA"
/db xref="taxon:9606"
/chromosome="3"
/map="3p22-p23"
1..2484

/gene="MLH1
22 . .2292 >gi|463989|gb|AAC50285.1| DNA mismatch repair prote...

/gene="MLHL1 | MSEVAGVIRRLDETVVNRIAAGEVIQRPANAIKEMIENCLDAKSTSIQVIV. ..
/note="homo] EDLDIVCERFTTSKLOSFEDLASISTYGFRGEALASISHVAHVTITTKTAD. ..

Number P14242), S. cerevisiae MLHI (GenBank Accession
Number U07187), E. co MUTL (Swiss—-Prot Accession Number
P23367), Salmonella imurium MUTL (Swiss—-Prot Accession
Number P14161) and coccus pneumoniae (Swiss-Prot
Accession Number P141 "
/codon start=1
/product="DNA mismatd epalr protein homolog"
/protein id="AAC50285
/db xref="GI:463989"
/translation="MSFVAGY LDETVVNRIAAGEVIQRPANAIKEMIENCLDAKS
TSIQVIVKEGGLKLIQIQDNG RKEDLDIVCERFTTSKLOSFEDLASISTYGEFRGE
ALASISHVAHVTITTKTADGK RASYSDGKLKAPPKPCAGNQGTQITVEDLFYNIA
TRRKALKNPSEEYGKILEVVGRYSVHNAGISESVKKQGETVADVRTLPNASTVDNIRS

33




RefSeq

® The goal is to provide the best single
collection of sequence information for each
major organism.

- chromosome, organelle, or plasmid

- linked by residue to transcripts, translated
proteins, and mature peptide product.

known and predicted
reviewed

best view from available data
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RefSeq

e DDBJ/EMBL/GenBank remains the primary

sequence archive while RefSeq is a summary
and synthesis based on that essential primary

data.

SCIENTIFIC ™+
$2.95 )
BMC Public Health BioMed Cenrd
AMERICAN e
Impaired psychological recovery in the elderly after the

Niigata-Chuetsu Earthquake in Jap popul. based study
M.LT.'s R, for building a new industrial America. hin-ichi Toyabe*!, Toshiki Shioiri’, Hideki Kuwabara?, Taroh Endoh?,
Naohito Tanabe?, Toshiyuki Someya? and Kouhei Akazawa!

Strange fossil creatures from an ancient sea.
How a crystal lattice channels electrons and positrons. patrent oy, e isvey Crn s 12 Dentl e, o ahimacht Do 1, Nta 1314510, oo nd
i 1-a10

3510

iaas 3c i Hidkehs Kunveahara - hlossw, d miigea
Tosheyuki Someya - someya@ med nligia

Poblated 14 Septamber 2006 Recaned: 24 May 2006
B Pl Heckth 2006, €230 doc 10.11861471-2454..230 Accopead 14 Sapmember 2004

This artide b avabie vom: by Awrw ioeme dceneral com/ 1471 245620

02036 Topabe et at osmsse Bioted Central Ltd

Thawsn 12 3tcle dwtntuzed nder he terres of she Cravtwe Commern Arinbuson Licente (g (sreatiesscmmsn cepcanim il 8.
whieh perrars unrestricted sse, dtribuson, snd reprodction n sy mednm, prawded the crgnsl werk & greparty cted

Abstract

Background: An earthquake measuring 6.8 on the Richter scale struck the Nigata-Chuetsu
region of Japan at 5,56 PM. on the 23rd of October, 2004, The earthquake was followed by
susaned occurrence of numercus aftershocks, which delayed reconstruction of community
lifeknes. Even one year after the earthquake, 9,160 people were living in temporary housing Swch
a devastating earthquake and Iife after the earthquake in an unfamiliar emvironment should cause
paychological dstress, especally among the diderly.

Methods: Psychological distress was measured using the |2.tem General Health Questonnaire
(GHQ-12) in 2,083 subjects (6% response rate) who were bving in transwent housing five months
after the earthguake. GHQ-12 was scored using the original method. Likert scoring and corrected
method. The subjects were asked to assess thew psychological status before the earthguake, their
psychalogical status at the most stresshd tme after the carthquake and ther psychological status
at fve months after the earthquake Exploratory and confirmatory factor analysis was used to
reveal the factor structure of GHQI2 Mukiple regression amalyss was performed to analyze the
relaticeship between varicus background factars and GHQ-12 scare and its subscale

Results: GHQ-12 scores were signicantly elevated at the most stresshd tme and they were
signficandly high even at five months after the earthquake. Factor anaysis revealed that a model
consisting of twa factors {social dysfunction and dysphora) using corrected GHQ scoring showed
& high level of goadness-o.fic. Multple regression analysis revealed that age of subjects affected
GHQ-12 scores. GHQ-12 score as wel as its factor ‘socil dysfunction’ scale were mcreased with
increasing age of subjects at five months after the earthquake

Conclusion: Impaired y was observed even at five months after the Nigata-
Chuetsu Earthquake in the elderly. The elderly were more afected by matcers relatig to coping
with daily problems.

Y $
An earthquake waiting to happen? This sharply folded terrain Page 1 of
in the foothills of the Andes could conceal a dangerous [ault. e
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RefSeq

includes species ranging from
viral to microbial to eukaryotic,
10,000+ species

(current release RefSeq 41)

fungi

invertebrate

microbial
mitochondrion

plant

plasmid

plastid

protozoa

mammalian UTS
other vertebrates &Y
viral 2,220

organisms with complete &
incomplete genomes

does not include all species

v' common research organisms,
mouse, human, yeast, fly,
plants, ...

*refseq release 33




RefSeq Accession
Numbers*

® prefix indicates the molecule type.

Molecule Type Accession Prefix

protein NP_: XP_; ZP_; AP_; YP_;

rna NM _; NR_; XM _; XR_

genomic NC ; NG _; NT_ ; NW_; NZ_; NS_; AC_

*The underscore (" ") is the primary
distinguishing feature of a RefSeq accession




Table |.The Entrez Databases

(# records as of 8/14/2009)

it? Nucleotide (78783 103) MeSH 211794
EST (62838 170) \ Cancer Chromosomes (134 570)

PubChem Substance 1 056 228) ﬁ( Homologene (123 7¢7)
SNP (59 806 469) PopSet (101 569)
GEO Profiles 42751 725 Biosystems (9 559)
Protein (28 475 324) GENSAT (91 458
GSS (25 787 403) dbGaP (62 335)
PubChem Compound (s ¢ss 433) Structure (59 329)
it? PubMed (19076 621) <— CDD 4735
Probe (10187 129 Journals (23 939)
ﬁGene (6 261 420) GEO Datasets 21 358)
UniGene @ 645 645) OMIM (20 548)
PubMed Central (1 834 865) Site Search (25 070
NLM Catalog | (394 522) Genome (10777
Taxonomy (s25 252) i} SRA (6562)
UniSTS (524 ¢29) Projects (5234
Protein Clusters @4i3 052 OMIA (2599
3D Domains (280 897 PubChem Bioassay (i691)
ﬁBooks (237 535) Peptidome (79)

adapted from Sayers et al NAR 2010



Other NCBI Databases

imported
structures (PDB)

. Protein families (COGs and
CDD: conserved domain KOGs); Single domains (PFAM,

database SMART, CD)

Structure: Cn3D viewer, NCBI curation

SRA: sequence read next generation sequencing

archive data

unified searchable database

Gene: gene records of genes

neighboring function for

HomoloGene: homologs Cene




http://www.ncbi.nih.gov/Database/datamodel

(
€> NCBI @ - Model of Entrez Databases, Search [Entrez 3] for (Go)

The diagram shows the Entrez databases and the connections between them. Each database is represented by a colored circle, where the color indicates the
approximate number of records in the database. Mouse over a circle to see which databases are linked to the one selected, and how many links exist between
those databases.

This diagram requires Flash for viewing.

‘ Ch.es
. Genome
‘Homolo
Gene

. Journals
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» Pick Primers

Articles about the AFM gene

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;

Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini;

Dieplinger,H., Ankerst,D.P., Burges,A., Lenhard,M., Lingenhel,A.,
Fineder,L., Buchner,H. and Stieber,P.
Afamin and apolipoprotein A-IV: novel protein markers for ovarian

Cancer Epidemiol. Biomarkers Prev. 18 (4),

GeneRIF: Reduced Afamin expression is associated with ovarian

Kratzer,I., Bernhart,E., Wintersperger,A., Hammer,A., Waltl,S.,
Malle,E., Sperk,G., Wietzorrek,G., Dieplinger,H. and Sattler,W.
Afamin is synthesized by cerebrovascular endothelial cells and
mediates alpha-tocopherol transport across an in vitro model of the

GeneRIF: afamin might be a new family member of binding/transport
proteins contributing to alpha-tocopherol homeostasis at the

Sequence specific binding of cytosolic proteins to a 12 nucleotide sequence in the 5'

untranslated region of FMR1 mRNA.

Iber H.

Biochim Biophys Acta. 1996 Dec 11;1309(3):167-73.
PMID: 8982249 [PubMed - indexed for MEDLINE]
Related Articles

: Human retina D2 receptor cDNAs have multiple polyadenylation sites and differ from

a pituitary clone at the 5' non-coding region.

Robakis NK, Mohamadi M, Fu DY, Sambamurti K, Refolo LM.
Nucleic Acids Res. 1990 Mar 11;18(5):1299. No abstract available.

PMID: 2138729 [PubMed - indexed for MEDLINE)]

Related Articles Free article in PMC | at journal site

A" 14 R . 4 NCBI Reference Sequence: NM_001133.2
: oview. X Homo sapiens afamin (AFM), mRNA
We found 3 articles in Nature 2001 by Lander: Comment Features = Sequence
) X . X ) LOCUS NM_OOIIB? .
Linkage disequilibrium in the human genome. Reich DE et al. Nature. (2001) oot Ly A culi s e
- . — . " " VERSION NM_001133.2 GI:27754774
A map of human genome sequence variation containing 1.42 million single nucleotide KEVWORDS  omo sapiens (human)
polymorphisms. Sachidanandam R et al. Nature. (2001) ORGANISM Homo sapiens
Initial sequencing and analysis of the human genome. Lander ES et al. Nature. (2001) cormrexce Lo CirEhind; Hominidae; Homo.
AUTHORS
TITLE
Items 1 - 14 of 14 JOUESAT | Canoes =
REMARK
REFERENCE gan?g:;es 1 to 1997)
) N ) . AUTHORS
©1: Automation, parallelism, and robotics for proteomics. —
Alterovitz G, Liu J, Chow J, Ramoni MF. JURAL 3. Nauzocham. 108 (3).
PUBMED 19046407
Proteomics. 2006 Jul;6(14):4016-22. Review. REMARK
PMID: 16786489 [PubMed - indexed for MEDLINE] REFERENCE 3 (bases 1 ‘o 1997)
) AUTHORS Ramachandran, P.,
Related Arth|eS TITLE ggzgi;lgication of
glycoprotein capt
JOURNAL J. Proteome Res.
PUBMED 16740002
REFERENCE 4 (bases 1 to 19
Are you looking for a sequence? Tirre T baneir alonesSi?
. 8 variation in huma:
>Result for term X51362 found in the Nucleotide database 1
» Human mRNA for dopamine D2 receptor [Homo sapiens])
Items 1-2o0f 2 One page.

707-718 (2009)

oontheung,P.,

1127-1133 (2009)
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Analyze This Sequence
» Run BLAST

» Afamin and apolipoprotein A-IV: novel protein
mar [Cancer Epidemiol Biomarkers Prev. 2009)

» Afamin is synthesized by cerebrovascular
endothelial cells and medi [J Neurochem. 2009)

» Identification of N-linked glycoproteins in human
saliva by glycoprotein ¢[J Proteome Res. 2006]

» Seeall...

Xie,Y., Sondej.,M., Wong,D.T. and

RefSeq Protein Product

See the reference protein sequence for afamin
precursor (NP_001124.1).

More about the AFM gene

This gene is a member of the albumin gene family,

which is comprised of four genes that localize to
chromosome 4 in a tandem arrangement. Th...

Also Known As: ALB2, ALBA, ALF, MGC125...

Homologs of the AFM gene

The AFM gene is conserved in chimpanzee, dog,

cow, mouse, and rat.

RefSeq Protein Product
See the reference protein sequence for afamin
precursor (NP_001124.1).

More about the AFM gene

This gene is a member of the albumin gene fam
which is comprised of four genes that localize to
chromosome 4 in a tandem arrangement. Th...

Also Known As: ALB2, ALBA, ALF, MGC125...

Homoloas of the A

1
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PDB8: 2IBXF

Chain F, Influenza Virus (Vn1194) H5 Ha

Comment Features Sequence

LOCUsS
DEFINITION
ACCESSION
VERSION
DBSOURCE

KEYWORDS
SOURCE
ORGANISM

REFERENCE
AUTHORS

2IBX_F 160 aa linear VRL 24-SEP-2008
Chain F, Influenza Virus (Vnll94) H5 Ha.

21BX F

2IBX_F GI:119390086

pdb: molecule 2IBX, chain 70, release Aug 27, 2007;

deposition: Sep 12, 2006;

class: VirusVIRAL PROTEIN;

source: Mol _id: 1; Organism scientific: Influenza A Virus;
Organism_common: Virus; Strain: H5nl (Vnll94); Gene: Ha; Mol_id: 2;
Organism_scientific: Influenza A Virus; Organism _common: Virus;
Strain: H5nl (Vnll94); Gene: Ha;

Exp. method: X-Ray Diffraction.

Influenza A virus

Influenza A virus

Viruses; ssRNA negative-strand viruses; Orthomyxoviridae;
Influenzavirus A.

1 (residues 1 to 160)

Yamada,S., Suzuki,Y., Suzuki,T., Le,M.Q., Nidom,C.A.,
Sakai-Tagawa,Y., Muramoto,Y., Ito,M., Kiso,M., Horimoto,T.,
Shinya,X., Sawada,T., Kiso,M., Usui,T., Murata,T., Lin,Y., Hay,A.,
Haire,L.F., Stevens,D.J., Russell,R.J., Gamblin,S.J., Skehel,J.J.
and Kawaoka,Y.

Haemagglutinin mutations responsible for the binding of HS5N1
influenza A viruses to human-type receptors

Nature 444 (7117), 378-382 (2006)

Change Region Shown

Customize View

Sequence Analysis Tools

BLAST Sequence

Find regions of similarity between this
sequence and other sequences usin
BLAST.

Conserved Domains

View conserved domains detected in
this protein sequence using
CD-search.

Protein 3D Structure

* Influenza Virus
(Vn1194) H5 Ha
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Laboratory Bioinformatics Scenario:
You've just read about some interesting genes
and now you want to find out more...

Brtish Yeast Group Meeting 2007

Humanizing mismatch repair in yeast: towards
effective identification of hereditary
non-polyposis colorectal cancer alleles

P.M.R. Aldred and R.H. Borts'

Depariment of Genetics, University of Leicester, Adnan Buskding, University Raad, Leicester LE1 7RH, UK

Abstract

The correction of replication errors is an essential component of genetic stability. This is clearly demonstrated
in humans by the observation that mutations in mismatch repair genes lead to HNPCC (hereditary non-
polyposis colorectal cancer). This disease accounts for as many as 2-3% of colon cancers. Of these, most of
them are in the two central components of mismatch repair, MLHT (mutL homologue 1) and MSH2 (mut$
homologue 2). MLHT and MSH2 function as a complex with two other genes PMS2 and MSH6. Mismatch
repair genes, and the mechanism that ensures that incorrectly paired bases are removed, are conserved from
prokaryotes to human. Thus yeast can serve as a model organism for analysing mutations/polymorphisms
found in human mismatch repair genes for their effect on post-replicative repair. To date, this has predomin-
antly been accomplished by making the analogous mutations in yeast genes. However, this approach is only
useful for the most highly conserved regions. Here, we discuss some of the benefits and technical difficulties
involved in expressing human genes in yeast. Modelling human mismatch repair in yeast will allow the
assessment of any functional effect of novel polymorphisms found in patients diagnosed with colon cancers.

Mismatch [epai[ repair process and therefore an increase in mutation rate or
The mismatch repair system serves to correct crrors that ‘mutator’ phenotype. As yMlhlp and yMsh2p are involved
occur during DNA replication. These errors can take the form 10 the correction of multiple types of mismatch, deletion or
of misincorporated nuclcotides that result in mispaired bases ~ mutation of these genes has a greater effect on mutation rate
or insertion/deletion loops that can result from replication than the equivalent disruption of yMshép, which is involved

slippage at polynucleotude tracts [1,2]. The mismatch 0 only one form of mismatch repair (Figure 2).

www.biochemsoctrans.org tra




Database searching with
Entrez

Scenario Summary:
Let’s find out more about
the genes involved in
colon cancer

s/Using limits and field
restriction to find human
MutL homolog - MLH|

\/Using NCBI’s Discovery
Components to explore
links & neighbors of MLH |




Start with a search for
“colon cancer”
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National Center for
Biotechnology Information

Resources
NCBI Home

All Resources (A-Z)
Literature

DNA & RNA
Proteins

Sequence Analysis
Genes & Expression
Genomes & Maps
Domains & Structures
Genetics & Medicine
Taxonomy

Data & Software
Training & Tutorials
Homology

Small Molecules

Welcome to NCBI

The National Center for Biotechnology Information advances science and
health by providing access to biomedical and genomic information.

More about the NCBI | Mission | Organization | Research | RSS

Genome

1000 prokaryotic genomes are
now completed and available in
the Genome database.

n 1 2 3 4

How To...

Obtain the full text of an article
Retrieve all sequences for an organism or taxon
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Popular Resources

PubMed
PubMed Central
Bookshelf
BLAST

Gene
Nucleotide
Protein

GEO
Conserved Domains
Structure
PubChem

NCBI News

OMIM's new look,
Epigenomics in April
NCBI News

The April NCBI News issue is now
availahle.
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d NCBI e Entrez, The Life Sciences Search Engine

HOME | SEARCH | SITE MAP All Databases Human Genome GenBank Map Viewer

Search across databases |colon cancer Clear | Help

- Result counts displayed in gray indicate one or more terms not found

PubMed: biomedical literature citations and :
8s440| Iy FuoMec: ( 3 Books: online books
ﬂ ::tilz:les Sonn ey s R L x OMIM: online Mendelian Inheritance in Man

@ m Site Search: NCBI web and FTP sites ‘ @ % gr:rlnl\azlsonlme Mendelian Inheritance in

Nucleotide: Core subset of nucleotide
@ Nucleotide: Core @ | [152) () doGaP: senatype and phenotype
> UniGene: gene-oriented clusters of
=< EST: Expressed Sequence Tag records Y transcript sequences

EO‘ GSS: Genome Survey Sequence records G @ t, CDD: conserved protein domain database

oo . .
®.*.* Protein: sequence database _ 22| 6 ggulzz’u'::'“s' domains from Entrez

’!l Genome: whole genome sequences { PP UniSTS: markers and mapping data
Structure: three-dimensional :
.?' macromolecular structures : @ Oo PopSet: population study data sets
PN iles: i
&4{ Taxonomy: organisms in GenBank L 86766 { 3= :‘bEuOn:ar:cf;I;t;gl)gresswn bl il

"vm SNP: single nucleotide polymorphism 4 @ @ dGaEtg e e
11

dbVar: Genomic structural variation { g: dC:tr;ct:;rSE:\romosomes: cytogenetic

L PubChem BioAssay: bioactivity screens of
= chemical substances

869 Gene: gene-centered information { 1367/
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Human Disease Genes

S OMIM i Ji5%
8 ; = Hopkins
- NCBl Online Mendelian Inheritance in Man 3

All Databases PubMed Nucleotide Protein Genome Structure
Search | omim : | for

( Go ) (Cleaa

| Limits | Preview/Index | History | Clipboard | Details |

Display | Detailed ¢! Show (20 4!/ sendto %

All: 1 y OMIM UniSTS: 0 | OMIM dbSNP: 1 %]

MIM *120436
MutL, E. COLI, HOMOLOG OF, 1; MLH1

MGI, GeneTests, Links

Gene map locus: 3p21.3

Clinical Synopsis

Description Back to Top

MLH is homologous to the E. coli MutL gene and is involved in DNA mismatch repair. Heterozygous
mutations in the MLH1 gene result in hereditary nonpolyposis colorectal cancer-2 (HNPCC2; 609310)
(Papadopoulos et al., 1994).

Cloning Back to Top

After human homologs of the mutS gene of bacteria and yeast were found to have mutations
responsible for hereditary nonpolyposis colorectal cancer (HNPCC1; 120435), Papadopoulos et al.
(1994) searched for other human mismatch repair (MMR) genes. A survey of EST databases derived
from random cDNA clones revealed 3 additional human MMR genes, all related to the bacterial mutL
gene. One of these genes was MLH1. The other 2 genes had a slightly greater similarity to the yeast
mutL homolog PMS1 and were therefore denoted PMS1 (600258) and PMS2 (600259), respectively.

%%
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Genuardi et al. (1998) characterized the normal alternative splicing of the MLH1 gene and reported

My NCBI
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Search Nucleotide

- yO3
C)) NCBI 2 ”w <> _S\NUdeOtide [Sign In] [Register]

All Databases PubMed Nucleotide Protein Genome Structure PMC Journals
Search [Nucleotide ?J for colon cancer ( Go ) (Cleaa Save Search

7

[ Limits | Preview/Index | History | Clipboard | Details |
Found 22929 nucleotide sequences. Nucleotide [21768] EST [1161]
Display | Summary ¢! Show |20 4!/ SortBy ¢!/ send to

" All: 21768 | Bacteria: 11 | INSDC (GenBank): 21077 | RefSeq: 691 | mRNA: 955

This search in Gene shows 789 results, including:

V¥ Top Organisms [Tree]
Homeo sapiens (14022)
MLH3 (Homo sapiens): mutL homolog 3 (E. coli) synthetic construct (3612)

MSH2 (Homo sapiens): mutS homolog 2, colon cancer, nonpolyposis type 1 (E. coli) unidentified (2719)
Mus musculus (151)

Items 1 - 20 of 21768 (Page) 1 of 1089 Next Rattus norvegicus (45)
) ' All other taxa (305)

More...

PTPRJ (Homo sapiens): protein tyrosine phosphatase, receptor type, J

PREDICTED: Callithrix jacchus serologically defined colon cancer antigen 8 (SDCCAGS),
MRNA

2,453 bp linear mRNA Recent activity -
XM_002760861.1 GI:296230841 Turn Off Clear

Q colon cancer (21768) Nucleofide

PREDICTED: Callithrix jacchus mutL homolog 1. colon cancer, nonpolyposis type 2 (E. coli)
{MLH1), mRNA B MutL, E. COLI, HOMOLOG OF,
2,578 bp linear mRNA 1: MLH1

XM_002759730.1 Gl:296228348

» See more...
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Advanced Search Options

P

My NCBI

< 3 .
<3 NCBI 1 ,'W @ SNucleotide [Sign In] Register

All Databases PubMed Nucleotide Protein Genome Structure PMC Journals
Search | Nucleotide 3) for colon cancer ( Go ) (Cleaa Save Search

[ Limits | Preview/index | History | Clipboard | Details | Tabs
FoupR 22929 nucleotide sequences. Nucleotide [21768] EST [1161]

X Summary ¢! Show 20 4!l sortBy + ! Send to

1768 | Bacteria: 11 | INSDC (GenBank): 21077 | RefSeq: 691 | mRNA: 955 %

search in Gene shows 789 results, including: ¥ Top Organisms [Tree]

Homo sapiens (14022)
MLH3 (Homo sapiens): mutL homolog 3 (E. coli) synthetic construct (3612)

MSH2 (Homo sapiens): mutS homolog 2, colon cancer, nonpolyposis type 1 (E. coli) unidentified (2719)
Mus musculus (151)

Items 1 - 20 of 21768 (Page) 1 of 1089 Next Rattus norvegicus (45)
‘ ‘ All other taxa (305)

More...

PTPRJ (Homo sapiens): protein tyrosine phosphatase, receptor type, J

PREDICTED: Callithrix jacchus serologically defined colon cancer antigen 8 (SDCCAGS),
mMRNA

2,453 bp linear mMRNA Recent activity -
XM_002760861.1 GIl:296230841 Turn Of Clear

Q colon cancer (21768) Nucleotide

PREDICTED: Callithrix jacchus mutL homolog 1, colon cancer, nonpolyposis type 2 (E. coli)

(MLH1), mRNA B MutL, E. COLI, HOMOLOG OF,
2,578 bp linear mRNA 1; MLH1

XM_002759730.1 Gl1:296228348

» See more...
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Useful Field Restrictions

[Title]: Definition line in GenBank / GenPept format shown in

Summary format
glyceraldehyde 3 phosphate dehydrogenase[Title]

[Organism]: NCBI’s taxonomy. Organizing system for molecular

databases

mouse[organism]; green plants[organism]; Streptomyces
coelicolor[organism]

[Properties]: molecule type, location, database source

biomol_mrnal[properties]; biomol_genomic[properties];
gene_in_mitochondrion[properties]; srcdb_pdb[properties]

[Filter]: subsets of data, Entrez links

all[filter]; nucleotide mapview[filter]; nucleotide_omim[filter]
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Items 1-50f 5 One page.
Recent activity -

0 Homo sapiens mutL homolog 1, colon cancer, nonpolyposis type 2 (E. coli) (MLH1), transcript variant Turn Off Clear
1 4. mRNA

2,386 bp linear mRNA Q colon cancer|Title] AND n... (5)
NM_001167619.1 Gl:263191732

Q colon cancer AND nonpolyp... (10)

Q colon cancer AND nonpolyp... (39)
Homo sapiens mutL homolog 1., colon cancer, nonpolyposis type 2 (E. coli) (MLH1), transcript variant
3. mRNA Q colon cancerANDnonpolypos... (0)

2,473 bp linear mMRNA Q colon%20cancer%20AND%20no. ..
NM_001167618.1 GI:263191712 (0)

Nucleotide

(" ) » See more...

Homo sapiens mutL homolog 1, colon cancer, nonpolyposis type 2 (E. coli) (MLH1), transcript variant
1. mRNA

2,662 bp linear mRNA
NM_000249.3 Gl:263191547

\_

Homo sapiens mutS homolog 2, colon cancer, nonpolyposis type 1 (E. coli) (MSH2), mRNA
3,145 bp linear mRNA
NM_000251.1 Gl:4557760

Homo sapiens mutL homolog 1, colon cancer, nonpolyposis type 2 (E. coli) (MLH1), transcript variant
2. MRNA

2,473 bp linear mRNA
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NCBI Reference Sequence: NM_000249.3

Homo sapiens mutL homolog 1, colon cancer, nonpolyposis type 2
(E. coli) (MLH1), transcript variant 1, mRNA

Comment Features Seguence

LOCUS NM_000249 2662 bp mRNA linear PRI 16-MAY-2010
DEFINITICN Homo sapiens mutlL homolog 1, colon cancer, nonpolyposis type 2 (E.
coli) (MLH1), transcript variant 1, mRNA.
ACCESSION NM_000249
VERSION NM _000249.3 GI:263191547
KEYWORDS
SOURCE Homo sapiens (human)
ORGANISM Homo sapiens
Eukaryota; Metazoca; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini;
Catarrhini; Hominidae; Homo.
REFERENCE 1 (bases 1 to 2662)
AUTHORS Alvarez,X., Hurtado,C., Hevia,M.A., Wielandt,A.M., de la Fuente, M.,
Church,J., Carvallo,P. and Lopez-Kostner,F.
TITLE Spectrum of MLH1 and MSE2 mutations in Chilean families with
suspected Lynch syndrome
JOURNAL Dis. Colon Rectum 53 (4), 450-459 (2010)
PUBMED 20305446
REMARK GeneRIF: 21 Chilean families with Lynch syndrome showed 6 mutations
in MLH1.
REFERENCE 2 (bases 1 to 2662)
AUTHORS Vasen,H.F., Abdirahman,M., Brohet,R., Langers,A.M.,
Kleibeuker,J.H., Kouwen,M.V., Koornstra,J.J., Boot,H., Cats,A.,
Dekker,E., Sanduleanu,S., Poley,J.W., Hardwick,J.C., Cappel,W.H.,
Jong,A.E., Tan,T.G., Jacobs,M., Mohamed,F.A., Boer,S.Y.,

Meeberg,P.C., Verhulst, M.L., Salemans,J.M., Bentem,N.V.,
Weoatoaruald A N Verhd T and Narmenaaad T M

Change Region Shown

Customize View

Analyze This Sequence
» Run BLAST

» Pick Primers

Articles about the MLH1 gene

» [Mismatch repair gene hMLH1 A655G/A
[Zhonghua Wei Chang Wai Ke Za Zhi. 2010]

» Spectrum of MLH1 and MSH2 mutations
in Chilean famil [Dis Colon Rectum. 2010]

» Prognostic relevance of MLH1 and MSH2
mutations in hereditary nor[Tumori. 2009]

» See all...

RefSeq Alternative Splicing

See 4 reference mRNA sequence splice
variants for the MLH1 gene.

RefSeq Protein Product

See the reference protein sequence for
DNA mismatch repair protein Mlh1 isoform
1 (NP_000240.1).

More about the MLH1 gene

This gene was identified as a locus
frequently mutated in hereditary

nonnonlvnnsis colon cancer (HNPCCY It is a
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NCBI Reference Sequence: NM_000249.3

Homo sapiens mutl homolog 1, colon cancer, nonpolyposis type 2 (E. coli) (MLH1),
transcript variant 1, mRNA

Comment Features Seguence

LOCUS NM_000249 2662 bp mRNA linear PRI 16-MAY-2010
DEFINITION Homo sapiens mutL homolog 1, colon cancer, nonpolyposis type 2 (E.
coli) (MLH1), transcript variant 1, mRNA.
ACCESSION NM_000249
VERSION NM _000249.3 CGI:263191547
KEYWORDS .
SOURCE Homo sapiens (human)
ORCANISM Homo sapiens
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini;
Catarrhini; Hominidae; Homo.
REFERENCE 1 (bases 1 to 2662)
AUTHORS Alvarez, K., Burtado,C., Hevia, M.A., Wielandt,A.M., de la Fuente,M.,
Church,J., Carvallo,P. and Lopez-Kostner,F.
TITLE Spectrum of MLH1 and MSH2 mutations in Chilean families with
suspected Lynch syndrome
JOURNAL Dis. Colon Rectum 53 (4), 450-459 (2010)
PUBMED 20305446
REMARK GeneRIF: 21 Chilean families with Lynch syndrome showed 6 mutations
in MLH1.
REFERENCE 2 (bases 1 to 2662)
AUTHORS Vasen,H.F., Abdirahman,M., Brohet,R., Langers,A.M.,
Kleibeuker,J.H., Kouwen,M.V., Koornstra,J.J., Boot,H., Cats,A.,
Dekker,E., Sanduleanu,S., Poley,J.W., Hardwick,J.C., Cappel,W.H.
Jong,A.E., Tan,T.G., Jacobs,M., Mohamed,F.A., Boer,S.Y.,
Meeberqg,P.C., Verhulst, M.L., Salemans,J.M., Bentem,N.V.,
Westerveld,B.D., Vecht,J. and Nagengast,F.M.
TITLE One to 2-Year Surveillance Intervals Reduce Risk of Colorectal
Cancer in Families With Lynch Syndrome
JOURNAL Gastroenterology (2010) In press
PUBMED 20206180
REMARK GeneRIF: Observational study of gene-disease association. (HuGE
Navigator)
Publication Status: Available-Online prior to print
REFERENCE 3 (bases 1 to 2662)
AUTHORS Song,L., 2hang,X.M., Wang,D.Q., Li,J.T., Ma,G.J., Chen,S.Q. and
Zhou,J.N.
TITLE [Mismatch repair gene hMLH1 A655G/A polymorphism and colorectal
cancer)

JOURNAL Zhonghua Wei Chang Wai Ke Za Zhi 13 (3), 216-218 (2010)
DHAMEN 20114641
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Articles about the MLH1 gene
» [Mismatch repair gene hMLH1 A655G/A polymorphism
and colorel[Zhonghua Wei Chang Wai Ke Za Zhi. 2010]

» Spectrum of MLH1 and MSH2 mutations in Chilean
families with suspected Lynch [Dis Colon Rectum. 2010)

» Prognostic relevance of MLH1 and MSH2 mutations in
hereditary non-polyposis colorectal cancel [Tumori. 2009]

» See all...

RefSeq Alternative Splicing

See 4 reference mRNA sequence splice variants for the
MLH1 gene.

RefSeq Protein Product

See the reference protein sequence for DNA mismatch
repair protein Mih1 isoform 1 (NP_000240.1).

More about the MLH1 gene

This gene was identified as a locus frequently mutated in
hereditary nonpolyposis colon cancer (HNPCC). ltis a
human homolog of the E. coli...

Also Known As: COCA2, FCC2, HNPCC, HNP...

Homologs of the MLH1 gene

The MLH1 gene is conserved in chimpanzee, dog, cow,
mouse, rat, chicken, zebrafish, fruit fly, mosquito, S.pombe,
S.cerevisiae, K.lactis, E.gossypii, M.grisea, N.crassa, and
P.falciparum.




MLH| Gene Record

™ 1: MLH1 mutL homolog 1, colon cancer, nonpolyposis type 2 (E. coli) [ Homo sapiens ]
GenelD: 4292 updated 10-Apr-2007
Summary t 2

Official Symbol MLH1
[:‘ roy | lj e Ij b W

Official Full Name mutL homolog 1, colon cancer, nonpolyposis type 2 {E. coli)
provided by

Primary source HGNC:7127

See related HPRD:003%
Gene type protein coi GO toreference sequence details

Genomic regions, transcripts, and products

RefSeq status Reviewed NC_000003.10

. 37009933 37067341
Organism Homo sapi [ s'f_ ,[3, o

NH..000.299..2 bt TR ST eTy ST Ser Ceroe b - §—t HIH NP_00024041 CCDS2663.1

GeneRIFs: Gene References Into Function What's a GeneRIF?

. Results confirmed complete exon skipping for the mutations of MLH1 in ﬂ
hereditary nonpolyposis colorectal cancer patients.

t 2
. hMLH1 may have a role in development of secondary carcinoma in the
gastrointestinal tract in patients (stomach and colorectal carcinoma) See MLH1 in MapViewer

. Inactivation of MLH1 gene is associated with head and neck squamous [ 37383246 pr
cell carcinoma tumors and leukoplakia - '

. In three adenocarcinomas, microsatellite instability and lack of the TeERLR

MLH1 protein expression were detected.

. MLH1 is associated with longevity.

. The identification of residues whose mutation disrupts MutL-MutS
interaction and affects mismatch repair activity, suggesting a
mechanism by which hereditary mutations in this region can produce a
cancer predisposition.

. These results indicate that an age-related increase of medullary-type
tumors in poorly differentiated adenocarcinoma ma%glav an important LI




Interactions + GO

GeneOntology

Interactions

Description
Product Interactant

E2F1 interacts with the MLH1 promoter.
NC_000003.9 NP_005216.1 E2F1

E2F4 interacts with the MLH1 promoter region.
NC_000003.9 NP_001941.2 E2F4

Other Gene Complex Source

NP_000240.1 NP 000048.1
MLH1 interacts with BLM.
NP_000240.1 NP 000048.1

BLM

BLM BIND

NP_000240.1 NP_009225.1 BRCAL HPRD

The exonuclease HEX1 interacts with the mismatch repair protein hMLH1.

NP_000240.1 NP_003677.3 EXO1 BIND
The exonuclease hEXO1b interacts with the mismatch repair protein hMLHL1,
NP_000240.1 NP_006018.3 EXO1 BIND
NP_000240.1 NP_569082.1 HPRD
NP_000240.1 NP_003916.1
MLH1 and interacts with MED1.
NP_000240.1 NP_003916.1

HPRD
BIND
NP_000240.1

BAAO2353.1 HPRD

p

Function

Provided by GOA;

Evidence

ATP binding
contributes_to MutSalpha complex binding

quanine/thymine mispair hinding

guanine/thymine mispair hinding

mismatched DNA binding

protein binding

contributes_to single-stranded DNA binding

Process

IEA
IDA
IMP
IEA
IEA
IPI
IDA

Pubmed
Pubmed

Pubmed
Pubmed

Evidence

DN& damage response, signal transduction resulting in induction

of apoptosis

cell cycle
male meiosis chromosome seqgregation

meiotic recombination

mismatch repair

mismatch repair

neqgative requlation of mitotic recombination

negative regqulation of progression through cell cycle

Component

IEA

IEA
IEA
IEA
IEA
TAS Pubmed
IEA
IEA

Evidence

MutLalpha complex

condensed chromosome

nucleus
nucleus
synaptonemal complex

65

IEA
IEA
IC
IEA
IEA

Pubmed




Sequences

Related Sequences
NCBI Reference Sequences (RefSeq) t 2
Nucleotide Protein
RefSeqs maintained independently of Annotated Genomes Genomic ~ AC006583.31 (69181..100370, complement)  None
These reference sequences exist independently of genome builds. Explain Genomic  ACO11816.17 (143145..169313) None
Genomic  AY217549.1 AAOD22904,1
mRNA and Protein(s) Genomic  AY344475.1 AAQ23474.1
Genomic  AY706914.1 AAU21566.1
1. NM _000249.2 NP _000240.1 MutL protein homolog 1 Genomic  CH471055.1 EAWB4483.1
Source sequence(s) AU127758,BC0O065850,U07343 EaWE4484.1
Consensus CDS = CCDS2663.1 ' EAWE4485.1
Conserved Domains (3) summary Genom!c LS YLt oLt e T
cd00075 HATPase_c; Histidine kinase-like Genomic  U17840.1 ARARSEELL
Location:31-122 ATPases; This family includes Genomic  U17841.1 AAABSEE7.1
Blast Score:107  several ATP-binding proteins for Genomic  U17842.1 AAABE6E87.1
example: histidine kinase, DNA Genomic U17843.1 ALABEEST.1
gﬁ'Oaciepe'r;:;TF'f;;;gfases' heat Genomic  U17844.1 AAABSE87. 1
phutochrome-like ATPases and Genomic  U17845.1 AAAMBEEE7.1
. Genomic  U17846.1 AAABEEBT.1
RefSeqs of Anhnotated Genomes: Build 36.2 N AAABEERT |
The following sections contain reference sequences that belong to a specific genome build. Explain Genomic U17848.1 AAASEEST. 1
Genomic U17849.1 ALABEEET.1
Reference assembly Genomic  U17850.1 AAABSEE7.1
Genomic  U17851.1 ALABEEET.1
Genomic Genomic  U17852.1 AAABSEB7.1
Genomic  U17853.1 ALABEEETY.1
1. NC_000003.10 Reference assembly Genomic  U17854.1 AAABEEET. 1
................... ‘ Range 37009983..37067341 Genomic  U17855.1 AAAB5687.1
Download GenBank FASTA Genomic  U17856.1 AAAB5687.1
Genomic  U17857.1 ALABEEETY.1
-3 NT 022517.17 Genomic  U40978.1 AsAB2079.1
- Range 36974983..37032341 mRNA AB209848.1 BADO93085.1
mRNA AFDD1359.1 AABEB936.1
Download | GenBank FASTA MRNA AK222810.1 BADIS530.1
mRMNA AUL27758.1 None
mRMNA AYE517558.1 AAT44531.1
Alternate assembly (based on Celera assembly) MRNA BCOOGS50.1 AAHOB250.1
mRMNA BX648844.1 None
Genomic MRNA CR609870.1 None
mRMNA CR617505.1 None
1. AC_000046.1 Alternate assembly {(based on Celera assembly) mMRNA DQB48888.1 ABG49483.1
Range 36977744..37035102 MRNA DO6455889.1 ABG49484.1
Download GenBank FASTA MRNA DQ648890. 1 ABG49485.1
mRNA DO648891.1 ABG49486.1
9. NW 921651.1 mRNA DO648892.1 ABG49487.1
- Range 36977744..37035102 mRNA DOB48893.1 ABG49488.1
mRMNA S77856.1 AAB34135.1
Download GenBank FASTA 66 mRNA Ub7343.1 AACEQZHE 1
mRMNA UD7418.1 ALA17374.1




MLHI: Sequence Links

¥ Links Explain

Genomic regians, transcripts, and products

Go to refer sequence details

NC_000003,10
3933 p

[

5%
NH_000249.2 —+—

nsg

t 2

H— HH NP_000240.1 CCDS2663.1

I - codini region B - untranslated resion

MRNA LINKS
P FASTA

PROTEIN LINKS
P FASTA

Gelp GENBANK

chromosome: 3; Location: 3p21.3

[ 36992791 p

P GENPEPT
{F Blink
b Conserved Domains

t 2

in MapVWiewer

[ 373583246

LOCB45571
EPH2RIP1

HLH1 —

LRRFIP2

GOLGAR4
TCERLP2

Order cDNA clone
Books
Conserved Domains
Genome

GEO Profiles
HomoloGene

Map Viewer
Nucleotide

OMIM

Full text in PMC
Probe

Protein

PubMed

PubMed (GeneRIF)
SNP

SHP: Genotype
SNP: Geneview
Taxonomy

UniSTS

AceView

CCDS

Colon.html
Evidence Viewer
GDB

GeneTests for MIM:
120436
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HGNC

HPRD

KEGG
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Search | Gene

Entrez Gene
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v v \

\]/ History | Clipboard | Details |
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I 1: MLH1 mutL homolog 1, colon cancer, nonpolyposis type 2 (E. coli) [ Homo sapiens ]

GenelD: 4292

Summary
Official Symbol
Official Full Name

Primary source
See related
Gene type
RefSeq status
Organism

Lineage

Also known as

Summary

My NCBI
Welcome joannealisonfox. [Sign Out]

f} Entrez Gene Home

updated 16-5ep-2007 w 1,p1e Of Contents

t ?

MLH1
mutL homolog 1, colon cancer, nonpolyposis type 2 (E. coli)

HGNC:7127
Ensembl:ENSG00000076242; HPRD:00390; MIM:120436
protein coding

Reviewed

Homo sapiens

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

FCC2; COCA2; HNPCC; hMLH1; HNPCC2; MGC5172

This gene was identified as a locus frequently mutated in hereditary nonpolyposis colon
cancer (HNPCC). It is a human homolog of the E. coli DNA mismatch repair gene mutL,
consistent with the characteristic alterations in microsatellite sequences (RER+

phenotype) found in HNPCC. Alternatively spliced transcript variants encoding different
isoforms have been described, but their full-length natures have not been determined.

Genomic regions, transcripts, and products

Go to reference sequence details

NC_000003.10

Summary

Genomic regions, transcripts...
Genomic context

Bibliography

Interactions

General gene information
General protein information
Reference Sequences

Related Sequences

Additional Links

¥ Links Explain

Order cDNA clone
Books

Conserved Domains
Genome

CoreNucleotide
EST

Nucleotide
OMIM

Full text in PMC
Probe

Protein

PubMed
PubMed (GeneRIF)
SNP

SNP: Genotype
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All Databases PubMed Nudlectide Protein Genome Structure Journals

Search | Nucleotide & for | I
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Limits
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Format: GenBank FASTA GCraphics More Formals¥

NCBI Reference Sequence: NM_000249.3

Homo sapiens mutlL homolog 1, colon cancer, nonpolyposis type 2 (E. coli) (MLH1),

transcript variant 1, mRNA

Comment Features Sequence

LOCUS
DEFINITION

ACCESSION
VERSION
KEYWORDS
SOURCE
ORCANISM

REFERENCE
AUTHORS

TITLE

JOURNAL
PUBMED

REMARK

REFERENCE
AUTHORS

TITLE
JOURNAL

PUBMED
REMARK

REFERENCE

AUTHORS

TITLE

JOURNAL
DHRAMREN

NM_000249 2662 bp mRNA linear PRI 16-MAY-2010
Homo sapiens mutL homolog 1, colon cancer, nonpolyposis type 2 (E.
coli) (MLH1), transcript variant 1, mRNA.

NM_000249

NM 000249.3 CGI:263191547

Homo sapiens (human)

Homo sapiens

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

1 (bases 1 to 2662)

Alvarez,K., Hurtado,C., Hevia,M.A., Wielandt,A.M., de la Fuente,M.,
Church,J., Carvallo,P. and Lopez-Kostner,F.

Spectrum of MLH1 and MSH2 mutations in Chilean families with
suspected Lynch syndrome

Dis. Colon Rectum 53 (4), 450-459 (2010)

20305446

GeneRIF: 21 Chilean families with Lynch syndrome showed 6 mutations
in MLH1.

2 (bases 1 to 2662)

Vasen,H.F., Abdirahman,M., Brohet,R., Langers,A.M.,
Kleibeuker,J.H., Kouwen,M.V., Koornstra,J.J., Boot,H., Cats,A.,
Dekker,E., Sanduleanu,S., Poley,J.W., Bardwick,J.C., Cappel,W.H.,
Jong,A.E., Tan,T.G., Jacobs,M., Mohamed,F.A., Boer,S.Y.,
Meeberg,P.C., Verhulst,M.L., Salemans,J.M., Bentem,N.V.,
Westerveld,B.D., Vecht,J. and Nagengast,F.M.

One to 2-Year Surveillance Intervals Reduce Risk of Colorectal
Cancer in Families With Lynch Syndrome

Gastroenterology (2010) In press

20206180

GeneRIF: Observational study of gene-disease association. (HuGE
Navigator)

Publication Status: Available-Online prior to print

3 (bases 1 to 2662)

Song,L., 2Zhang,X.M., Wang,D.Q., Li,J.T., Ma,G.J., Ch HOmOIOgene

Zhou,J.N.
[Mismatch repair gene hMLH1 A655G/A polymorphism and coivrectas
cancer)

Zhonghua Wei Chang Wai Ke 2Za Zhi 13 (3), 216-218 (2010)
201A641

Download ¥ SaveV¥ Links ¥

Change Region Shown

Customize View

Analyze This Sequence
» Run BLAST

» Pick Primers

Articles about the MLH1 gene
» [Mismatch repair gene hMLH1 A655G/A polymorphism
and colorel [Zhonghua Wei Chang Wai Ke Za Zhi. 2010]

» Spectrum of MLH1 and MSH2 mutations in Chilean
families with suspected Lynch [Dis Colon Rectum. 2010)

» Prognostic relevance of MLH1 and MSH2 mutations in
hereditary non-polyposis colorectal cance: [Tumori. 2009)

» See all...

RefSeq Alternative Splicing

See 4 reference mRNA sequence splice variants for the
MLH1 gene.

RefSeq Protein Product

See the reference protein sequence for DNA mismatch
repair protein Mlh1 iscform 1 (NP_000240.1).

More about the MLH1 gene

This gene was identified as a locus frequently mutated in
hereditary nonpolyposis colon cancer (HNPCC). Itis a
human homolog of the E. coli...

Also Known As: COCA2, FCC2, HNPCC, HNP...

Homologs of the MLH1 gene

The MLH1 gene is conserved in chimpanzee, dog, cow,
mouse, rat, chicken, zebrafish, fruit fly, mosquito, S.pombe,
S.cerevisiae, K.lactis, E.gossypii, M.grisea, N.crassa, and
P.falciparum.




Finding Homologs:

Genes

" 1: HomoloGene:208. Gene conserved in Eukaryota

Genes identified as putative homologs of one another
during the construction of HomoloGene.

HomoloGene Downloader

Homologene:208. Gene conserved in Eukaryota

Download | Protein

Include IIII hp upstream

Include IIII hp downstream of

Selectwhich sequences should be included
SelectAll | UnselectAl |

Species Gene
[v  H.sapiens MLH1
v Ptroglodytes MLH1
v Cfamiliaris LOC477019
v M.musculus Mlh1
v R.norvegicus Mih1
v G.gallus MLH1
v D.melanogaster Mlh1
v Agambiae AgaP_ENSANGGO0000011527
v Agambhiae ENSANGGO0000010995
v S.pombe SPBC1703.04
v S.cerevisiae MLH1
v Klactis KLLADDDS955g

sequences {in FASTA format)

in cancer, nonpolyposis type 2

11

119
n homolog 1

zoli)

Ahd_0)

Protein
MRNA

“1 Genomic

ancer, nonpolyposis type 2

NGGO0000011527

NM_{ 000010995
03
NM_031053.1 NP_112315.1 04
XM_418828.1 XP_418828.1
NM_057674.2 NP_477022.1
250
KM_320342.2 XKP_320342.2 099554
®M_307435.2 XP_307435.2 757243
piit AFL193C gene
NM_001022118.1 NP_596199.1 1
MLH1 6323819  NP_013890.1
XM_453504.1 XP_453504.1 70

= 1

Download, Links

Proteins

Proteins used in sequence compatisons and their
consened domain architectures.

1) NP_000240.1
756 aa

S XP_ 0011704331 =

756 aa

o] XKP_534219.2
757 aa

& NP_081086.1
760 aa

1) NP_1123151
757 aa

N XP_418828.1
757 aa

S| NP_477022.1
b64 aa

| XP_320342.2
671 aa

s1| XP_307435.2
395 aa
M| MNP 5961991

684 aa

s3] NP_013890.1
769 aa

S| XP_453504.1
724 aa

1 NP_985351.1
771 aa

| XP_3290151
751 aa

u| NP 5673452

737 aa

S| NP _001045457 1 —cm——_

= —lLz—_

=

ﬁ
| 1

—




HomoloGene Clus

er

Genes

Genes identified as putative homologs of one another
during the construction of HomoloGene.

H.sapiens MLH1

" 1: HomoloGene:208. Gene conserved in Eukaryota

Proteins

Download, Links

Proteins used in sequence comparisons and their

consered domain architectures.

mutL homaolog 1, colon cancer, nonpolyposis type 2

(E. cali)
P.troglodytes MLH1

NP _000240.1
756 aa

s XP 0011704331 — s —

sl M MIh1
M1 (E. cali

. Conserved Domain

Gene Links}

Genome

GEO Profiles =

Nucleotide 3

Order cDNA clone '

OMIM

Full text in PMC el

Probe

Protein -

PubMed A

PubMed {GeneRIF)

SHP a

Gene Genotype .

GeneView in dbSNP ]

Taxonomy

UniGene el

UniSTS

MapWiewer A
%.

_ S MNP _081086.1 - —a
3
. /b0 aa

» Conserved Domains
mutL homolog 1 (E. coli) b Gene 760 aa
R.norvegicus Mih1 > Genome Project NP_112315.1 — O —— —
mutL homolog 1 (E. coli) - 757 aa

> Mucleotide
G.gallus MLH1 b Genome XP_418828.1 - — o
mutL homolog 1, colon cancer, nonpg 757 aa
(E. coli) » OMIM
D.melanogaster Mih1 > Full text in PMC NP_477022.1 - S —
il > Related Sequences 5 e
A.gambiae AgaP_ENSANGGO0000% namain Relatives XP_320342.2 - —
ENSANGPO0000014016 671 aa

> PubMed
A gambiae ENSANGGO0000010995 XP_307435.2 L=
ENSANGPDO000013484 > PubMed (RefSeq) 4557,

» SNP
S.pombe SPBEC1703.04 NP_596199.1 | —
hypothetical protein > Gene Genotype 654 aa
o.cerevisiae MLH1 > GeneView in dbSNP NP_013890.1 - — -
Mih1p » Related Structure 769 aa
K lactis KLLAODD9955¢ > Taxonomy XP_453504.1  ———
mRNA gene KLLAODO9955g > UniGene 724 aa
E.gossypii GenelD:2757243 > BLink NP _985351.1  — —
Eremothecium gossypii AFL199C ger, Domains 771 aa
M.crassa NCUOS309.1 G
hypothetical protein . .
Acthaliana ATWLH1 PrOteI n LI n I(S —  ——
ATMLH1

O.sativa Os0190958900
mRNA gene Os01g0958300

71

S| NP_001045457 1 —cs——

724 aa
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| am studying the regulation of cancer genes and would like to retrieve all human
sequence records associated with cancer that contain a promoter region.

navigate to:

bioteach.ubc.ca/bioinfo2010 Let's compare

our results

| The Educational Facilities of the Michael Smith Labs

(don’t be a fly on
the wall - participate!)
BIOINFORMATICS WORKSHOP, FEBRUARY 16-18TH, 2009 Inside
Bl 1"* ﬂf"\ ’ ,»‘ e rkshop will ics techniques for practical use inthe  Pages
DIVINIFURIVIATIU «Z‘ auoramvy Hands- leving data, primer design, BLAST
searching, and genomics data navigation will be covered. Primarily aimed at
researchers who are new to the area, or familiar but require a quick updating, where
content covered can be tailored to laboratory needs.
joanne@msl.ubc.ca

M Follow step-by-step instructions in
‘handout and use links on the workshop

website to complete the practical exercise

e

Use the preview tab and feature keys

Strategy #1: Strategy #2: search
search nt entrez gene




Check your History

Search

Most Recent Queries

Result

#5

Search #3 NOT #I (unique hits from Approach B:
Entrez Gene to CoreNucleotide)

368

#4

Search #| NOT #3 (unique hits from Approach A:
straight to Entrez CoreNucleotide search)

210

#3

Search #2 AND promoter[Feature key]
(limit Approach B search to records with promoter
annotated)

421

CoreNucleotide Links for Gene (Search
human[Organism] AND cancer[Text Word] AND
gene_nucleotide[Filter])

(Approach B: Entrez gene follow link to
CoreNucleotide)

Search human[Organism] AND cancer[Text Word]
AND promoter[Feature key]
(Approach A: Entrez CoreNucleotide search)

75




Advanced Tips & Iricks for
«.\dearching PubMed

NCBI

PBookshelf

: Advanced Features - Limits; Related Data; RSS;
Send to options; Citation Sensor; Clipboard

® Entrez Gene RIF - reference into function sets

® Save collections with your MyNCBI account

® Search the NCBI Bookshef
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PubMed Advanced Searching;
Limits & Related Data

= NCBI Resources(¥) HowTo &) pubmeddemo | My NCBI | Sign Out

Exa m P I e Pu blmed.qm, Search: PubMed EYRSS Save searct{ Advanced search Melp
Search:

low dose aspinn stroke prevention women Search JE#CEY

DRigplar Settings. (v) Summary, 20 per page, Sored by Recenlly Added Send 10 Limits Activated: Enghs

Results: 1 to 20 of 129

Filter your results:
-

L) L LAY,

e
as higher goses and are iikely to be safer All (129)

I OW d O s e [No authors listed] =y

Harv Womens Healh Watch. 2009 May. 16(9).1. No abstract avallable croe Full Tert (39

° ° el 1
as P I I I n ] Rivaroxaban versus placebo in patients with acute coronary syndromes (ATLAS ACS-TIMI 46)

a rangomised._double-bind_phase |l inal 7 free full-text articles in PubMed Central

s recommend low-dose aspirin 1o prevent stroke in women_Lower goses are as effective
I

Mega JL, Braunwald E, Mohanavelu S, Burton P, Poultér R, Misselwitz F, Hricak V, Barnathan
St ro I(e ES. Bordes P, Witkowski A, Markov V, Oppenheimer L. Gibson CM, ATLAS ACS-TIMI 46 study » Aspirin in the primary and sacondary

group prevention of vascular dsease

Lancet 2009 Jul £,374(9683).29-28. Epub 2009 Jun 17 > m Essential fatty acids and thar

o | Ly 2 ’
I leve n | I O n (AE s » Aspirin and Semvastatn Combnation for
- Cardovascular Events Preventior [Tra
(7] Aspinin in the pnmary and secondary prevention of vascular disease  collaborative meia
analysis of individual participant ¢ata from randomised trials S

Antithrombotic Trialists’ (ATT) Collaboration, Baigent C, Biackwell L, Collins R, Emberson J
WOI I Ie n Godwin J, Peto R, Buring J, Hennekens C, Kearney P, Meade T, Patrono C, Roncaglioni MC

Zanchetti A Find related data

Lancet 2009 May 20.373(9678).1849-50

2 mar

ESVS guidelines Invasive treatment for carotid stenosss indications, techniques,
Liapis CD, Bell PR, Mikhallidis D, Sivenius J, Nicolaldes A. Fernandes e Fernandes J, Blasi G
Norgren L. ESVS Guidelines Collaborators

Eur JVasc Endovasc Surg. 2009 Apr.37(4 Suppl) 1-19, Review

Find tems J

-
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PubMed

PubMed comprises more than 19 million citations for biomedical literature
from MEDLINE, life science journals, and online books. Citations may
include links to full-text content from PubMed Central and publisher web
sites.

Using PubMed :> PubMed Tools More Resources

PubMed Quick Start Guide

Single Citation Matcher MeSH Database

Full Text Articles Batch Citation Matcher Journals Database

PubMed FAQs Clinical Queries Clinical Trials

PubMed Tutorials Topic-Specific Queries E-Utilities

New and Noteworthy ‘:3 LinkOut

All: 14 Review: 4 (%

We found 3 articles in Nature 2001 by Lander:

Exam P I e Linkage disequilibrium in the human genome. Reich DE et al. Nature. (2001)

A map of human genome sequence variation containing 1.42 million single nucleotide
Sea r'C h: polymorphisms. Sachidanandam R et al. Nature. (2001)
Initial sequencing and analysis of the human genome. Lander ES et al. Nature. (2001)

L ander Items 1 - 14 of 14

200 I 1: Automation, parallelism, and robotics for proteomics.
Alterovitz G, Liu J, Chow J, Ramoni MF.

N ature Proteomics. 2006 Jul:6(14):4016-22. Review.
PMID: 16786489 [PubMed - indexed for MEDLINE]

Related Articles

adapted from NCBI News, June 2009
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Resources

NCBI Home  Welcome to NCBI Popular Resources
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The Bookshelf is a growing collection of biomedical books that can be searched directly by typing a concept
into the textbox above and selecting "Go". Try one of these searches:

P cell cycle control I immunodeficiency I protein evolution

» New on the Bookshelf:

Comparative Oncology

Baba, Alecsandru loan; Cétoi, Cornel
Bucharest: The Publishing House of the Romanian Academy; 2007

WICl Familial Cancer Syndromes [Internet]
sl icocrt-Johnson, Douglas L.; Boardman, Lisa A.; Hefferon, Timothy; Spurck, Lauren, editors
Bethesda (MD): National Library of Medicine (US), NCBI; 2008

Health, United States, 2008
=1 Atlanta (GA): Centers for Disease Control and Prevention; 2008

The National Academies Collection: Reports funded by National Institutes of Health
Washington (DC): The National Academies Press; c2004-2010

National Institute for Health and Clinical Excellence: Guidance
NIZE © London: National Institute for Health and Clinical Excellence; 2008

Clinizal
Cuidelings

Patient Safety and Quality: An Evidence-Based Handbook for Nurses

Hughes, Ronda G., editor
Rockville (MD): Agency for Healthcare Research and Quality (US); 2008
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183 items in Health Services/Technology Assessment Text (HSTAT)
HSTAT Bethesda (MD): National Library of Medicine (US); 2003-2008

17 items in GeneReviews

Pagon, Roberta A., Editor-in-chief; Bird, Thomas C.; Dolan, Cynthia R.; Smith, Richard J.H.; Stephens, Karen; Associate editors.
Seattle (WA): University of Washington; c1993-2008

g 13 items in Cancer Medicine

Kufe, Donald W.; Pollock, Raphael E.; Weichselbaum, Ralph R.; Bast, Robert C_, Jr.; Gansler, Ted S.; Holland, James F.; Frei lll, Emil, editors.
Hamilton (Canada): BC Decker Inc.; c2003
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Other books @ NCBI

Navigation Cancer Medicine *¥ Part 11 Scientific Foundation, Section 1: Cancer Biology *¥ 7. Tumor-Suppressor Genes
About this book

Part II Scientific Foundation, Section | DNA Repair Pathway Genes
1: Cancer Biology
7. Tumor-Suppressor Genes At the outset of the chapter, tumor-suppressor genes were defined as those genes inactivated by germ line or somatic
Genetic Basis for Tumor Development | MUtations in cancer. It was also emphasized that DNA damagerecognition and repair genes constitute a subset of the
Somatic Cell Genetic Studies of tumor-suppressor gene class, because they are affected by inactivating mutations in cancer. Whereas tumor-suppressor
Tumorigenesis genes such as RB1, p53, APC, and INK4a appear to have active roles in regulating cell growth and/or apoptosis, the
Refinoblastomia—A Parsdigoyfor DNA damage-recognition and repair genes can arguably be viewed as having more passive roles in processes
Tumor-Suppressor Gene Function controlling growth. Distinguishing between what constitutes a growth-regulating tumor-suppressor gene versus a DNA
The p53 Gene repair-type tumor-suppressor gene may be difficult because some tumor-suppressor genes, including perhaps p53,
BRCAI, and BRCA2, may ultimately be established to have functions in both growth control and DNA repair.
Nevertheless, based on present data, there 1s a reasonable basis to suggest that loss-of-function mutations in both alleles
of certain DNA repair pathway genes, such as the DNA mismatch repair genes, probably do not directly alter cell

The APC Gene growth. Rather, inactivation of DNA mismatch repair activity likely contributes to cancer via an increased frequency of
BRCAI and BRCA?2 Genes mutations in other cellular genes, particularly genes that are rate determining in tumor development.

WT1 Gene
NF1 and NF2 Genes
VHL Gene

pair Pathway Genes

The INK4A Locus and the pl6 INK4A
and pl9 ARF Gones

Several recessive cancer predisposition syndromes resulting from inactivation of genes that function in DNA damage
recognition and repair have been well described, including ataxia-telangiectasia (AT), Bloom syndrome, xeroderma
pigmentosum, and Fanconi anemia. In each case, the specific cancer types and DNA-damaging agents that increase
cancer risk are essentially distinct. Although AT heterozygotes may have a subtly increased risk of breast cancer. 282 in

Candidate Tumor-Suppressor Genes | gther recessive cancer syndromes, only homozygotes appear to have a clearly increased cancer risk. This observation

Summary contrasts sharply with the picture in the dominant cancer predisposition syndromes discussed earlier (eg, inherited

References retinoblastoma, familial adenomatous polyposis, NF1, and NF2), where heterozygotes have a clearly elevated cancer
risk. Furthcrm.orc. as discussed cz}rlicr. the basis for incrcascc_i cancer risk in an individugl wim a dominant cancer

syndrome attributable to a germ line tumor-suppressor mutation (eg, RB7 or APC mutation) is that cancers arise

following inactivation of the remaining normal copy of the gene by a second “hit” in somatic cells (ie, the Knudson
hypothesis). Therefore, it seems reasonable to argue that second “hits” in tumor-suppressor genes of the type that
underlie dominant cancer syndromes must have considerably more potent effects on initiating cancer development than
second “hits” in tumor-suppressor genes of the type that underlie recessive cancer syndromes.

z Figure 7-10. Mismatch repair pathway
in human...

(Go. In light of these considerations and because recessive cancer syndromes are quite rare, our discussion of the role of

-—av s -~ -—- s « Twa veuw sm . e -—a
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encouraged. 4 Top 83
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Navigation Cancer Medicine *¥ Part II Scientific Foundation, Section 1: Cancer Biology *» 7. Tumor-Suppressor Genes "™ DNA Repair
Pathway Genes

About this book

Part II Scientific Foundation,
Section 1: Cancer Biology

7. Tumor-Suppressor Genes e
Genetic Basis for Tumor

Development

Somatic Cell Genetic Studies of
Tumorigenesis

Retinoblastoma— A Paradigm for

: . _— N
Tumor-Suppressor Gene Function _"W
The p53 Gene |
The 1,\ijﬁlg.ocus and the p16 'NK#A @_35\.;""‘;.@1;
and pl9 Genes  ashie) J MSH2
The APC Gene
BRCAI and BRCA2 Genes
WT1 Gene

NF1 and NF2 Genes

E

Figure 7-10. Mismatch repair pathway in human cells. A and B, During DNA replication, DNA mismatches may
VHL Gene arise, such as from strand slippage (shown) or misincorporation of bases (not shown). C, The mismatch is

DNA Repair Pathway Genes recognized by MutS homologs, perhaps most often MSH2 and GTBP/MSH®6, although another MutS homolog,
MSH3, may substitute for GTBP/MSH6 in some cases. D and E, MutLL homologs, such as MLH1 and PMS2, are
recruited to the complex and the mismatch is repaired through the action of a number of proteins, including an

, exonuclease, helicase, DNA polymerase, and ligase. (Modified and reproduced with permission from Kinzler
— KW, Vogelstein B. Lessons from hereditary colorectal cancer. Cell 1996:87:159-70.)

Candidate Tumor-Suppressor Genes

Summary

(*) Thisbook () All books
() PubMed
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BLAST

Finding Function By Sequence Similarity




Concepts of Sequence
Similarity Searching

® The premise:

One sequence by itself is not informative; it
must be analyzed by comparative methods
against existing sequence databases to
develop hypothesis concerning relatives and
function.




The BLAST algorithm

® The BLAST programs (Basic Local Alignment
Search Tools) are a set of sequence
comparison algorithms introduced in 1990
that are used to search sequence databases
for optimal local alignments to a query.

®  Altschul SE Gish W, Miller W, Myers EW, Lipman D] (1990) “Basic local
alignment search tool.” |. Mol. Biol. 215:403-410.

Altschul SF Madden TL, Schaeffer AA, Zhang |, Zhang Z, Miller W, Lipman D]
(1997) “Gapped BLAST and PSI-BLAST: a new generation of protein database
search programs.” NAR 25:3389-3402.




0115237380 ref [NP_1597165. 1] myh Tam1ly transcription factor (MyB43) [Arabidopsis thaliana]
MEROPCCOKVELKKGPWT TEEDKKLINFILTHGHCCWRAL PKL SGLLRCGK SCRLRWINYLRPDLKRGLL
SEYEEQKVINLHAQLGNRWSKT ASHLPGRTONET KMHWNTHIKKKLRKMGI DPLTHKPLSEQEASQDAGG
REKSLYPHDDKNPRODOOTKDEQEQHOLEQALERNNT SV SGDGFCIDEVPLLNPHEILIDI S5SHHHHSN

DONYNINT SKFTSPS55555T S5CT S SVWPGDEF SKFFDEMEILOLRWLSSDDSLGDDI SKDGKFNNSTY
DTMMLWDINDLSSLDMFMNERDDGF IGNEHGCSRMYLDQDSWTFOLL

Submit Query
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Display Results

Return Formatted Results

Distribution of 26 Blast Hits on the Query Sequence
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What BLAST tells you ...

® BLAST reports surprising alignments

= Different than chance

® Assumptions

- Random sequences

- Constant composition

® (Conclusions

= Surprising similarities imply evolutionary homology

Evolutionary Homology: descent from a common ancestor

Does not always imply similar function
98




Basic Local Alignment
Search Tool

Widely used similarity search tool

Heuristic approach based on Smith Waterman
algorithm

Finds best local alignments
Provides statistical significance

www, standalone, and network clients




BLAST programs

Hﬂogmm

Descr[pn‘u’on

blastp

Compares an amino acid query sequence against a protein
sequence database.

blastn

Compares a nucleotide query sequence against a nucleotide
sequence database.

blastx

Compares a nucleotide query sequence translated in all reading
frames against a protein sequence database.You could use this
option to find potential translation products of an unknown
nucleotide sequence.

tblastn

Compares a protein query sequence against a nucleotide
sequence database dynamically translated in all reading frames.

tblastx

Compares the six-frame translations of a nucleotide query
sequence against the six-frame translations of a nucleotide
sequence database.

100




more BLAST programs

INotes

Megablast

Contiguous

Nearly identical sequences

Discontiguous

Cross-species comparison

Position
Specific

PSI-BLAST

Automatically generates a position
specific score matrix (PSSM)

RPS-BLAST

Searches a database of PSI-BLAST
PSSMs

nucleotide only

protein only




BLAST Algorithm

® Scoring of matches done using scoring
matrices

* Sequences are split into words (default n=3)

* Speed, computational efficiency

e BLAST algorithm extends the initial “seed” hit
into an HSP

e HSP = high scoring segment pair = Local optimal
alignment




Sequence Similarity Searching —
The statistics are important

Discriminating between real and artifactual matches is
done using an estimate of probability that the match might
occur by chance.

We'll talk more about the meaning of the scores (S) and e-
values (E) that are associated with BLAST hits




Where does the score
(S) come from!?

® The quality of each pair-wise alignment is
represented as a score and the scores are
ranked.

Scoring matrices are used to calculate the
score of the alignment base by base (DNA)
or amino acid by amino acid (protein).

® The alignment score will be the sum of the
scores for each position.




What's a scoring matrix!

A CDETF G H>
4 0 -2 -1 -2 0 -2]

0 9 -3 -4 -2 -3 -3

2 -3 6 2 -3 -1 -1

1 -4 5 -3 -2

2 -2 -3 -3 6

0 -3 -1 -2 -3

2 -3

—

® Substitution matrices are used
for amino acid alignments.

® cach possible residue
substitution is given a score

® A simpler unitary matrix is
used for DNA pairs (+1 for
match, -2 mismatch)

«<— L @ M B O Q P

BLOSUM 62




Hydrophobic




BLOSUM vs PAM

BLOSUM 45 BLOSUM 62 BLOSUM 90

PAM 250 PAM 160 PAM 100
More Divergent < > Less Divergent

e BLOSUM 62 is the default matrix in BLAST
2.0.Though it is tailored for comparisons of
moderately distant proteins, it performs well
in detecting closer relationships. A search for
distant relatives may be more sensitive with a
different matrix.




What do the Score and
the e-value really mean?

® The quality of the alignment is represented by
the Score (S).

The score of an alignment is calculated as the sum of substitution and gap scores.
Substitution scores are given by a look-up table (PAM, BLOSUM) whereas gap
scores are assigned empirically .

The significance of each alignment is
computed as an E value (E).

Expectation value. The number of different alignments with scores equivalent to or
better than S that are expected to occur in a database search by chance.The lower
the E value, the more significant the score.




Notes on E-values

® | ow E-values suggest that sequences are
homologous

@ Can’t show non-homology

® Statistical significance depends on both the
size of the alignments and the size of the
sequence database

4

Important consideration for comparing results across
different searches

E-value increases as database gets bigger

E-value decreases as alignments get longer
109



Homology: Some
Guidelines

Similarity can be indicative of homology

Generally, if two sequences are significantly
similar over entire length they are likely
homologous

Low complexity regions can be highly similar
without being homologous

Homologous sequences not always highly
similar




® Source: Chapter | | — Bioinformatics: A
Practical Guide to the Analysis of Genes and
Proteins

For nucleotide based searches, one should
look for hits with E-values of 10-6 or less and
sequence identity of 70% or more

For protein based searches, one should look
for hits with E-values of 10-3 or less and
sequence identity of 25% or more




BLAST Algorithm

® Sequences are split into words (default n=3)

- Speed, computational efficiency

® BLAST algorithm extends the initial “seed” hit
into an HSP

- HSP = high scoring segment pair = Local optimal
alignment




How Does BLAST Really
Work!?

® The BLAST programs improved the overall
speed of searches while retaining good
sensitivity (important as databases continue

to grow) by breaking the query and database
sequences into fragments ("words"), and
initially seeking matches between fragments.

Word hits are then extended in either
direction in an attempt to generate an

alighment with a score exceeding the
threshold of "S".




BLAST Algorithm

Query Word (W = 3)
TLSHAWRLSNETDKRPFIETAERLRDQHKKDY PEYKYQPRRREKNGKPGSSSEADAHSE

Determine neighborhood




How Does BLAST Really
Work!?

® The BLAST programs improved the overall
speed of searches while retaining good
sensitivity (important as databases continue

to grow) by breaking the query and database
sequences into fragments ("words"), and
initially seeking matches between fragments.

Word hits are then extended in either
direction in an attempt to generate an

alignment with a score exceeding the
threshold of "S".




BLAST Algorithm

RDN 11 RDB RDP
RDD 11 ADQ RDT
RDH 11 MDQ RDY
RDM 11 SDQ RDX
RDS 11 TDQ DDO

Extension using neighborhood words
greater than neighborhood score
threshold (T=11)

< E >

TLSHAWRLSNETDKRPFIETAERLRDQHKKDYPEYKYQPRRRKNGKPGSSSEADAHSE 58
TL WRL N +KRPF+E AERLR+QHKKD+P+YKYQOPRRRK+ K G S D +
TLESGWRLENPGEKRPFVEGAERLREQHKKDHPDYKYQPRRRKSVKNGQSEPEDGSEQ 197




Extending the High Scoring
Segment Pair (HSP)

Length of HSP

;

Cumulative Score

Minimum
s Score (S)

L Neighborhood
Length of Extension Score Threshold (T)




}r-qb!AﬂLﬂﬂdlﬂ.ll PTEN [Takifugu rubripes]
Length=412

score = 197 bits (501), Expect = 2e-49%, Method: Composition-based stats.
Identities = 95/100 (95%), Positives = 98/100 (98%), Gaps = 0/100 (0%

Query 2 IVERNERRYQEDGFDLOLTY IYPNIITAMGEPAERLEGVYRNNIDDVVRFLDEKHENHYKI 6l
+VERNERRYQEDGFDLOLTY IYPNITAMGEPAERLEGVYRNNIDDVVRFLDEEHENHY K]
Sbjct 8 MVERNERRYQEDGFDLOLTY IYPHNITAMGEFPAERLEGVYRNNIDDVVRFLDSKEHENHYEI &7

Query 62 YNLCAERHYDTAKFNCRVAQYPFPEDHNPPOQLELIEPEFEQN 101
YNLCAERHYD AKFNCRVAQYPFPEDHNPPOLELIEKPE ++
Sbjct 638 YHNLCAERHYDAAKFPHNCRVAQYPPEDHNPPOQLELIKPEFCED 107

score = d43.6 bits (205), Expect = 4e-15, Method: Composition-based stats.
Identities = a60,/103 (58%), Positives = 68/103 (66i), Gaps = 32/103 (314}

Query 993 KOQNEMLEKDEMEHEWVNTEF IPGPEEWV
EQNEM+EEKDEMPHEFWVNTEF IPGPEE
Sbjet 260 EQHNEMMEEDEMEHEWVHNTEFIPGPEEERDELENGAVHHADEQQGVPAPGOGOPOSAECRE

Query 127 HNDEEYLVLTLTEndldkankdkanRYFSPNFEVELYEFTKTVEE 169
+0++¥YL+LTL+KND DEANEDEANRYFSPHEFEVEL F+ETVEE
Sbject 320 ESDRDYLILTLSEKNDRDEAMNEDEANRYPSPNEPEVELCFSKTVEE 362

>»[ gb|AAH93110.1| EE Ptenb protein [Danio rerio)
Length=28%

Score = 197 bits (500), Expect = 2e-4%, Method: Composition-based stats.
Identities = 95/9% (95%), Positives = 98799 (98%), Gaps = 0799 (0%)

Query 13 VERNERRYQEDGEFDLODLTYIYPHNITAMGPPAERLEGVYRNNIDDVVRPLDEEHENHYEIY &2
VERNERRYQEDGFDLDLTYIYPHNIITAMGFPAERLEGVYRNNIDDVVRPLDSEHE+HYEIY
sbjct 9 VERNERRYQEDGEFDLOLTYIYPHNIIAMGEFPAERLEGVYRNNIDDVVRPFLDSEHEDHYEIY 63

Query &3 HLCAERHYDTAKFNCEVAQYPFEDHNPPOQLELIEPFEQN 101
NLCAERHYDTAKFNCEVAQYPFEDHNPPQLELIKPE ++

sbjct NLCAERHYDTAKFNCEVAQYPFEDHNPPQLELIKPFCED 107
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BLAST Algorithm

® Scoring of matches done using scoring
matrices

® Sequences are split into words (default n=3)

- Speed, computational efficiency

® BLAST algorithm extends the initial “seed” hit
into an HSP

- HSP = high scoring segment pair = Local optimal
alignment




Credits

® Materials for this presentation have been
adapted from the following sources:

NCBI HelpDesk - Field Guide Course Materials

Bioinformatics: A practical guide to the analysis of genes
and proteins

® Questions! Please contact:

Dr. Joanne Fox
Michael Smith Laboratories
joanne@msl.ubc.ca
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(don’t be a fly on
the wall - participate!)

Inside

LABORATORY ABORATORY BIOINFORMATICS WORKSHOP, FEBRUARY 16-18TH, 2009
BIOINFORMATICS “This workshop will focus on bioinformatics techniques for practical use in the
Iaboratory. Hands-on exercises for retrieving data, primer design, BLAST
searching, and genomics data navigation will be covered. Primarily aimed at

researchers who are new to the area, or familiar but require a quick updating, where
content covered can be tailored to laboratory needs

Pages

joanne@msl.ubc.ca

Laboratory Bioinformatics

Common tools, useful databases, and tricks of the trade for
practical use in the laboratory.

Witten by AM

RESOURC(

NIVE

bioteach.ubc.ca/bioinfo2009




Let’s start at 9:30am

BLAST background, guided tour & practical exercises

joanne@msl.ubc.ca



