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Active Genes are Transcribed into RNA
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Splicing Transcript Yields Mature mRNA
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Intron Splicing Mechanism
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Mature mRNA contains
7-Methyl-Guanylate 5" Cap and 3’ Poly A Tail
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Mature mRNA contains
7-Methyl-Guanylate 5" Cap

Cap structure

7-Methylguanosine

mRBNA 5 end

|
1
1
1
]

© CSLS/The University of Tokyvo

© Doug Brutlag 2015



Mature mRNA contains
7-Methyl-Guanylate5” Cap
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PolyAdenylation of mRNAs

Polyadenylation of mRNAs
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Mature mRNA contains Coding Region
and 5" and 3" Untranslated Regions
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Second Letter
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Alternative Splicing Generates
Distinct Proteins in Different Tissues
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Messenger RNA (mRNA) Databases
ESTs UniGene & Full Length cDNA RefSeq
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GENSCAN Gene Model
http:/ / genes.mit.edu/ GENSCAN.html

Hidden Markov
models of gene
structure
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http://genes.mit.edu/GENSCAN.html
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http://rulai.cshl.edu/cgi-bin/TRED/tred.cgi?process=home
http://www.ncbi.nlm.nih.gov/sites/entrez?db=unists
http://www.ncbi.nlm.nih.gov/sites/entrez?db=snp
http://www.ncbi.nlm.nih.gov/sites/entrez?db=nucest
http://www.ncbi.nlm.nih.gov/sites/entrez?db=nucest
http://www.ncbi.nlm.nih.gov/sites/entrez?db=nucest
http://www.ncbi.nlm.nih.gov/sites/entrez?db=nucest
http://www.ncbi.nlm.nih.gov/sites/entrez?db=unigene
http://www.ncbi.nlm.nih.gov/sites/entrez?db=unigene
http://www.ncbi.nlm.nih.gov/RefSeq/
http://www.ncbi.nlm.nih.gov/RefSeq/
http://www.ncbi.nlm.nih.gov/sites/entrez?db=unigene
http://www.ncbi.nlm.nih.gov/sites/entrez?db=unigene
http://www.ncbi.nlm.nih.gov/RefSeq/
http://www.ncbi.nlm.nih.gov/RefSeq/
http://www.ensembl.org/
http://www.ensembl.org/
http://www.ncbi.nlm.nih.gov/genomes/leuks.cgi
http://compbio.ornl.gov/grailexp/
http://genes.mit.edu/GENSCAN.html
http://mendel.cs.rhul.ac.uk/mendel.php?topic=fgen-file
http://www.bio.net/bionet/mm/bionews/1999-August/004901.html
http://exon.biology.gatech.edu/
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene
http://genome.ucsc.edu/cgi-bin/hgGateway
http://uswest.ensembl.org/Homo_sapiens/Info/Index
http://www.ncbi.nlm.nih.gov/Class/NAWBIS/Modules/Variation/var38.html
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=unists
http://www.ncbi.nlm.nih.gov/Class/NAWBIS/Modules/Variation/var38.html

Entrez Gene Loci
http:/ /www.ncbi.nlm.nih.gov/entrez/ query.fcgi?db=gene
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NCBI Genome

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

& NCBI  Resources ¥ How To ¥ brutag My NCBI Sign Out

Genome [ Genome a ;:dog

Limits
7

Using Genome

Advanced

Genome

Custom resources

Help Human Genome
Browse by Organism Microbes
Download / FTP Organelles
Submit a genome Plants

Viruses

Genome Tools Genome Annotation and Analysis

BLAST the Human Genome Eukaryotic Genome Annotation

Genomic groups BLAST Prokaryotic Genome Annotation

NCBI remap PASC (Pairwise Sequence Comparison)

Genome Decoration Page TaxPlot (3-way Genome Comparison)

|

Help

This resource organizes information on genomes including sequences, maps,
chromosomes, assemblies, and annotations.

Other Resources

Assembly
BioProject
BioSample
Map Viewer

Protein Clusters

External Resources

GOLD - Genomes Online Database

Ensembl Genome Browser

Bacteria Genomes at Sanger

Large-Scale Genome Sequencing (NHGRI)
© Doug Brutlag 2015



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

Canis lupus familiaris Genome
http:/ /www.ncbi.nlm.nih.gov/genome /85

Display Settings: (~) Overview

Send to:

Organism Overview ; Genome Project Report ; Genome Annotation Report ; Organelle Annotation Report

Canis lupus familiaris (dog)

Model organism that is notable for its extensive genetic diversity and morphological variation

Lineage: Eukaryota[2439]; Metazoa[952]; Chordata[393]; Craniata[3B6]; Vertebrata[385]; Euteleostomi[377]; Mammalia[147]; Eutheria[143];

o Laurasiatheria[56]; Carnivora[14]; Caniformia[11]; Canidae[3]; Canis[3]; Canis lupus[2]; Canis lupus familiaris[1]

. The dog, Canis lupus familiaris, is a useful model organism for medical research due to extensive genetic diversity and morphological
variation within the species and to aggressive breeding practices that have resulted in inbred populations of dogs. Many breeds of dog are
particularly susceptible to inherited diseases that are also common in More...

+« | Representative

Reference genome:
’ [ Canis lupus familiaris CanFam3.1
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Click on chromosome name to open MapViewer
+« | Genome Sequencing Projects

@ Chromosomes [1] (B Scaffolds or contigs [2] (® SRA or Traces [2]

Organism BioProject Assembly Status Chrs Organelles Size (Mb) GC% Gene Protein
Canis lupus familiaris | PRJNA12384, PRJNA13179. CanFam3.1 @ 39 1 241098 35.5 28,864 42303
Canis lupus familiaris PRJNA10628 ASM18141v1 > - 1,517.46 41.1
Canis lupus familiaris PRJMA1TE193 Beagle » - - 2,254 63 40.7
Canis lupus familiaris PRJMA1ET192 L} = =
Canis lupus familiaris PRJMA186960 L] - -

See more...
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Canis lupus familiaris

http:/ /www.ncbi.nlm.nih.gov / Taxonomy / Browser / wwwtax.cgi?id=9615

Taxonomy
Browser

Genome Taxonomy

Search for as v lock Go | Clear
Display 3 levels using filter: [ none 4]
Canis lupus familiaris Entrez records

2 Database name Direct links
Taxonomy ID: 9615

j Nucleotide 273,893
Genbank common name: dog : I
Inherited blast name: carnivores Nucleotide EST

Rank: subspecies Nucleotide GS5
Genetic code: Translation table 1 (Standard)

Protei
Mitochondrial genetic code: Translation table 2 (Vertebrate Mitochondrial) S—
Other names: Structure
synonym: Canis familiaris Genome
’ synonym: Canis domesticus Popset
synonym: Canis canis NP
common name: dogs GEO Datasets 2,478
includes: beagle dogs UniGene 23 847
includes: beagle dog UniSTS 11.765
Lineage( full ) PubMed Central 2.2?4
cellular organisms; Eukaryota; Opisthokonta; Metazoa; Eumetazoa; Bilateria; Deuterostomia; Chordata; Craniata; |Gene 39.453
Vertebrata; Gnathostomata; Teleostomi; Euteleostomi; Sarcopterygii; Dipnotetrapodomorpha; Tetrapoda;
Amniota; Mammalia; Theria; Eutheria; Laurasiatheria; Carnivora; Caniformia; Canidae; Canis; Canis lupus SRA Experiments 230
Assembly
Bio Systems 1,746
dbVar 736
GEO Profiles 205,497
PubChem BioAssay| 14,366
Taxonomy 1
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Human Genome Resources

http:/ /www.ncbi.nlm.nih.gov/genome/guide /human /

~ NCBI Genomic Biology

Search [ All Databases (Entrez)

=]for _Go | | Clear |

Browse your Genome
Click on the Chromosome to
show

Genes :

1234836738

5101112131415 16

iIr1s1v202122 X Y

Find A Gene
Search for

from [ Any species 3]
\ Go 4

The NCBI Handbook
=R An online guide to the
““use of NCBI resources.
74 Titles of selected
chapters that refer to
human genome resources are
shown below.

The Single Nucleotide
Polymorphism Database
(dbSNP) of Nucleotide
Sequence Variation
Adrienne Kitts and Stephen
Sherry

. Human
Genome

Resources

A challenge facing researchers today is that of piecing together and analyzing
the plethora of data currently being generated through the Human Genome
Project and scores of smaller projects. NCBI's Web site serves an an
integrated, one-stop, genomic information infrastructure for biomedical
researchers from around the world so that they may use these data in their
research efforts. More...

Genes ahd Human Health

* Gene Database » OMIM

A new database of genes and A guide to human genes and inherited
associated information is now disorders maintained by Johns
available for searching in Entrez. Hopkins University and collaborators.
* dbSNP » dbGaP

A database of single nucleotide The database of Genotypes and
polymorphisms (SNPs) and other Phenotypes (dbGaP) was developed
nucleotide variations. to archive and distribute the results of

studies that have investigated the
interaction of genotype and

phenotype.

Epigenomics

* NIH Epigenomics Roadmap * Roadmap Epigenomics Data
Reference epigenomic maps and A comprehensive listing of all NIH
studies on new epigenetic Roadmap Epigenomics datasets
mechanisms and their relevance to submitted to GEO and SRA.

human health.
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NCBI Entrez Gene

http:/ /www.ncbi.nlm.nih.gov/sites/entrez?db=gene

= NCBI Resources ¥ How To ™ brutiag My NCBI §

. - Limits Advanced search Help
Entrez Gene Search: | Gene B
. E;:ﬁ:’t;;;lsmapped human Tmoglobin betal Clear

Welcome to Entrez Gene

Entrez Gene maintains information about genes from genomes of interest to the

RefSeq group.

Using Entrez Gene Entrez Gene Tools Other Resources
Entrez Gene Quick Start Submit GeneRIFs HomoloGene

EAQ Submit Correction oMIM

Download/FTP Statistics RefSeq

Gene Mailing List BLAST RefSeqGene

RefSeq Mailing List Genome Workbench UniGene

Entrez Gene News Splign Protein Clusters
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Human Beta-Hemoglobin Gene Entry
http:/ / www.ncbi.nlm.nih.gov/gene /3043

= NCBI Resources ™ How To )

Gene

Genes and mapped
phenotypes

Search: cene FH

Display Settings: (¥ Full Report Send to:

HBB hemoglobin, beta [ Homo sapiens ]
Gene ID: 3043, updated on 14-Jan-2011

+! Summary

Official Symbol
Official Full Name
Primary source
See related

Gene type
RefSeq status
Organism
Lineage

Also known as
Summary

g
L]

HBB provided by HGNC

hemoglobin, beta provided by HGNC

HGNC:4827

Ensembl:ENSG00000223609: Ensembl:ENSG00000244734; HPRD:00786:;
MIM: 141900

protein coding

REVIEWED

Homo sapiens

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

CD113t-C; beta-globin; HBB

The alpha (HBA) and beta (HBB) loci determine the structure of the 2 types
of polypeptide chains in adult hemoglobin, Hb A. The normal adult
hemoglobin tetramer consists of two alpha chains and two beta chains.
Mutant beta globin causes 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 in the beta-globin cluster is
5'-gpsilon -- gamma-G -- gamma-A -- delta -- beta--3'. [provided by RefSeq]

brutlag My NCBI Sign QOut

Limits Advanced search Help

Cles

Table of contents —
Summary

Genomic regions, transcripts, and products
Genomic context

Bibliography

Phenotypes

Interactions

General gene info

General protein info

Reference sequences

Related sequences

Additional links

Links 2
Order cDNA clone

BioAssay, by Gene target

BioSystems

Books

CCDSs

Conserved Domains

Full text in PMC
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Human Beta-Hemoglobin Gene Entry
http:/ / www.ncbi.nlm.nih.gov / gene /3043

~| Genomic regions, transcripts, and products 212

Genomic Sequence [ NC_000011 chromosome 11 reference GRCh37.p13 Primary Assembly :] Go to reference sequence details
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Human Hemoglobin Gene Entry
http:/ /www.ncbi.nlm.nih.gov /gene /3043

Related articles in PubMed

i1

Distribution of beta-globin haplotypes among the tribes of southern Gujarat, India.
Aggarwal A, ef al. Gene, 2013 Jun 1. PMID 23500448.
Self-catalytic DNA depurination underlies human B-globin gene mutations at codon 6 that cause anemias and thalassemias.

Alvarez-Dominguez JR, ef al. J Biol Chem, 2013 Apr 19. PMID 23457306.

. Sistani population: a different spectrum of B-thalassemia mutations from other ethnic groups of Iran.

Miri- Maghaddam E, ef al. Hemoglobin, 2013. PMID 23437895,

Ropero P, ef al. Hemoeglebin, 2013. PMID 23425204,

Identification and molecular characterization of a novel 55-kb deletion recurrent in southern ltaly: the ltalian (G) yv{{A) y&B)°-

thalassemia.
Lacerra G, ef al. Eur J Haematol, 2013 Mar. PMID 23281611

See all (600) citations in PubMed

See citations in PubMed for homologs of this gene provided by HomoloGene

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

. The beta-globin distribution pattern of various haplotypes was consistent with the global pattern.

analysis of the contact region between CD163 and its high affinity ligand Hp-Hb reveals a mechanism of Ca2+-dependent

coupling and uncoupling of ligand

were IWS-1-5 (G=>C), followed by codon 15 G>A codon -88 (C>T), IWVS-1I-1 (G>A), codons 8/9 (+3E) and IVS-1-1 (G>T).

5. Data show that Hgb-alpha and Hgb-beta are expressed in carcinoma cells of several types of solid tumors.

6. analysis of a mouse model of the human beta-globin locus

© Doug Brutlag 2015
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Human Beta-Hemoglobin Phenotypes
http:/ /www.ncbi.nlm.nih.gov /gene /3043

«| Phenotypes

Find tests for this gene in the NIH Genetic Testing Reqistry (GTR)

Review eQTL and phenotype association data in this region using PheGenl

Associated conditions

Description

beta Thalassemia

MedGen: CO005283, OMIM: 613985, GeneReviews:

Beta thalassemia, dominant inclusion body type

MedGen: C1858990, OMIM: 603902, GeneReviews:

Fetal hemoglobin quantitative trait locus 1

MedGen: C1841621, OMIM: 141749, GeneReviews:

Hb SS disease

MedGen: CODD2895, OMIM: 603903, GeneReviews:

Heinz body anemias

MedGen: CO700299, OMIM: 140700, GeneReviews:

Susceptibility to malaria

MedGen: C1970028, OMIM: 611162, GeneReviews:

Beta-Thalassemia

Mot available

Mot available

Sickle Cell Disease

Mot available

Mot available

Tests

Compare labs

Compare labs

Compare labs

Compare labs

Compare labs

not available

© Doug Brutlag 2015
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Human Beta-Hemoglobin Phenotypes
http:/ /www.ncbi.nlm.nih.gov /gene /3043

NHGRI GWAS Catalog

Description

A genome-wide association scan on the levels of markers of inflammation in Sardinians reveals associations that underpin its complex
. regulation.

NHGRI GWA Catalog
NHGRI GWA Catalog, PubMed

Genome-wide and fine-resolution association analysis of malaria in West Africa.

i NHGRI GWA Catalog
’ NHGRI GWA Catalog, PubMed

Genome-wide association study indicates two novel resistance loci for severe malaria.

NHGRI GWA Catalog
NHGRI GWA Catalog, PubMed

Genome-wide association study shows BCL11A associated with persistent fetal hemoglobin and amelioration of the phenotype of beta-
thalassemia.

NHGRI GWA Catalog
NHGRI GWA Catalog, PubMed

GWAS of blood cell traits identifies novel associated loci and epistatic interactions in Caucasian and African-American children.

NHGRI GWA Catalog
NHGRI GWA Catalog, PubMed

HbAZ levels in normal adults are influenced by two distinct genetic mechanisms.

NHGRI GWA Catalog
NHGRI GWA Catalog, PubMed

© Doug Brutlag 2015
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«| Interactions

Products

| NC_000011.8
NC_000011.8
NC_000011.8
PEEET71

PEEET1

PEEET1

PEE871

PEEET1

PEEET1

PEE8T71
BioGRID:109283
BioGRID:109283
BioGRID:109283
BioGRID:109283
BioGRID:109293

BioGRID:109283

Interactant

NP_006181.1
NP_000928.1
NP_066964.1

Hemoglobin alpha 2

PE33905
P&B871
P69832
P02008

POO738

Selenoprotein T

BioGRID:106710

BioGRID:107452

BioGRID:108102

BioGRID:115119

BioGRID:119934

BioGRID: 108289

Hemoglobin Interactions
http:/ /www.ncbi.nlm.nih.gov /gene /3043

Other Gene  Complex
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Items 1 - 25 of 31

Source Pubs

BIND PubMed
BIND PubMed
BIND PubMed
HPRD PubMed
HPRD PubMed
HPRD PubMed
HPRD PubMed
HPRD PubMed
HPRD PubMed
HPRD PubMed
BioGRID  PubMed
BioGRID  PubMed
BiocGRID PubMed
BioGRID  PubMed
BioGRID  PubMed
BioGRID  PubMed

>

Page 1 | of 2 Next =
Description

Orc2 interacts with beta-globin origin.
Beta-globin interacts with pol Il.

KuB0 interacts with beta-globin origin.

Affinity Capture-MS
Affinity Capture-MS
Affinity Capture-M3S
Affinity Capture-RNA
Co-fractionation

Co-crystal Structure; Two-hybrid
© Doug Brutlag 2015


http://www.ncbi.nlm.nih.gov/gene/3043
http://www.ncbi.nlm.nih.gov/gene/3043

Human Beta-Hemoglobin Gene Entry
http:/ /www.ncbi.nlm.nih.gov / gene /3043
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cell anemia. Absence of beta chain causes beta-zero-thalassemia. Reduced amounts BioSystems
of detectable beta globin causes beta-plus-thalassemia. The order of the genes in Books
the beta-globin cluster is 5-epsilon -- gamma-G -- gamma-A -- delta -- beta--3'. CCDS
[provided by RefSeq] Conserved Domains
Full text in PMC
o . . . E;
Genomic regions, transcripts, and products GEO Profiles
Go to reference sequence details Genome

HomoloGene

Genomic Sequence | NC_000011 chromosome & |

Map Viewer
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Human Beta-Hemoglobin Conserved Domain
http:/ /www.ncbi.nlm.nih.gov/cdd?LinkName=gene_cdd&from_uid=3043

enm - globin_like - Cn3D 4.2
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Human Beta-Hemoglobin Homologene

http:/ / www.ncbi.nlm.nih.gov/homologene?LinkName=gene_homologene&from_uid=3043h

Display Settings: HomoloGene

HomoloGene:68066. Gene conserved in Eutheria

Genes

Genes identified as putative homologs of one another during

the construction of HomoloGene.

|31] HBB, H.sapiens
hemoglobin, beta

HBB, F.troglodytes
hemoglobin, beta

HBB, M.mulatta
hemoglobin, beta
LOCE09402, C.lupus
hemoglobin subunit beta-like
LOC480784, C.lupus
hemoglobin subunit beta-like
HBD, C.lupus

hemoglobin, delta
LOC100337028, B.taurus

E B B B B R

hemoglobin fetal subunit beta-like

2

HBB, B.taurus
hemoglobin, beta

LOCT81674, B.taurus

2

hemoglobin fetal subunit beta-like

2

Beta-s, M.musculus

hemoglobin subunit beta-1-like

2,

Hbb-b1, M.musculus

hemoglobin, beta adult major chain

2

Hbb-b1, R.norvegicus

hemoglobin, beta adult major chain

2

LOCEB2064, R.norvegicus
beta-globin

Hbb, R.norvegicus
hemoglobin, beta

k2

beta globin minor gene

LOC100134871, R.norvegicus

Proteins

Proteins used in sequence comparisons and their conserved

domain architectures.
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Human Beta-Hemoglobin Homologene

http:/ /www.ncbi.nlm.nih.gov/homologene?LinkName=gene_homologene&from_uid=3043h
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Human Beta-Hemoglobin Genome Map Viewer
http:/ /www.ncbi.nlm.nih.gov / gene /3043
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Search for SNP on NCBI Reference Assembly |

Search Entrez | SNP
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BUILD 132

ENERAL
HUMAN VARIATION
Search, Annotate,
Submit NEW
Annotate and
Submit Batch Data
with Clinical
Impact HEW
SNP SUBMISSION
DOCUMENTATION
SEARCH
RELATED SITES

SNP linked to Gene HEB(genelD:3043) Via Contig Annotation

rs# on all gene models to Batch Query all rs# to file.

| Gene Model (mRNA alignment) information from genome sequence 4
Total gene model (contig mRNA transcript): 1
mrna transcript  protein  mrna orientation Contig Contig Label
NM_000518.4 plus strand NP_000509.1 forward NT_009237.18 GRCh37

List SNP
<- currently shown

[lInclude clinically associated ()in gene region @ cSNP () has frequency () double hit

gene model Contig Label  Contig mrna protein  mrna orientation transcript snp count
(contig mRMNA transcript): GRCh37 NT 009237.18 NM_000518.4 NP_000509.1 forward plus strand 15, coding
o Chr. mRNA dbSNPrs# Hetero- . .. . =~ . . _ . dbSNP Protein Codon”Min
ol position pos cluster id zygosity +alicalion L unction - “allele  residue -
5246854 465 rs41405449 N.D. Yes frame shift 1 139
frame shift AGC  Ser[S] 1 139
contig
reference GCTA [AN] 1 139
5246870 452  rs113082294 N.D. Yes synenymous C Val [V] 3 134
contig
referance G Val [V] B 134
5246876 430 rs41511744 N.D. Yes frame shift 2 127
frame shift (15bp) [QAAYQ] 2 127
contig
referonce  \170P) [VOAAYQ] 2 127
52 365 rs71811954 N.D. frame shift 3 105
frame shift  (15bp) 3 105
contig
e © AG[RI 3 105
5247800 309 rs41539866 N.D. frame shift 1 87
frame shift (17bp) 1 87
contig
ref G Ala [A] 1 87
5247855 317 rs11549405 N.D. Yes synonymous C Leu [L] 3 89
contig
reference ¢ Leu [l 8 8
5247915 257  rs112287010 N.D. Yes synonymous T Leu [L] 3 69
contig
reference ¢ Leu [l 8 8
5247969 203 rs17850156 N.D. Yes synonymous C Thr [T] 3 51

contio

acid PubMed
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Variation Viewer for Human Beta-Hemoglobin
http:/ /ww.ncbi.nlm.nih.gov /sites / varvu?gene=3043

HBB Variation Viewer Download report (86948 bytes)

Gene HBB; hemoglobin, beta Gene NG_000007.3 genomic
- _ _ _ - - Reference NM_000518.4 transcript
Description beta globin chain | hemoglobin beta chain | hemoglobin subunit beta Sequences NP_000509.1 protein
Also known as: CD113t-C, beta-globin variation locations are based on these acc
Species = Homo sapiens Links  HGMD, Panther, Gene, OMIM

Cyto 11p15.5

Observed Variation |4 4  Page 3o0fda5 b Bl 2 Displaying results 41 - 60 of 883
Var Class Genomic Transcript Protein Clinical interpretation Test status Freg Pub... MIM Al Var Orig
SNC g.70610C>G c.16C>G p.ProGAla 5 5 141900.0451 G
SNC g.70611C>G c.17C>G p.ProBArg 3 3 141900.0296 G
DIF g.70612delT c.18delT p.Pro6=fs 2 2

DIP g.70612delTins... c.18delTinsCT p.Pro6?fs 2 2

SNC g.70613G>A c.19G>A p.Glu7Lys probable-pathogenic 18 18 1[4 141900.0010... G
SNC g.70613G=>C c.18G=C p.Glu7GIn probable-pathogenic 18 18 A[d 141800.0010... G
MILX g.70614A>C c.20A>C p.Glu7Ala 34 4 Q 8[4 141900.0039...
MIX a.70614A>T c.20A>T p.Glu7val 34 34 0O 8[d 141900.0039...

DIP g.70614delA c.20delA p.Glu7Glyfs

SNC g.70614A>G c.20A>G p.Glu7Gly pathogenic 7 7 Q 141900.0085... G
MIX g.70614delA c.20delA p.Glu7Glyfs 34 4 0O 8[d 141800.0039...
MILX g.70614A>C c.20A>C p.GluTAla 34 34 0 8[4 141900.0039...
MIX g.70614A>G c.20A>G p.Glu7Gly 34 4 0O 8[d 141800.0039...
MLX Q.70614A>T c.20A>T p.Glu7Val 34 4 QO 8[4 141900.0039...
SNC Q.70614A>T c.20A=T p.Glu7Val pathogenic T 7 Q 141900.0085... G

DIP g.70616_7061... c.22_24delGAG  p.Glu8delGlu L L 141900.0156
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Ensembl Home Page
http:/ /www.ensembl.org/

BLAST/BLAT | BioMart | Tools | Downloads | Help & Documentation | Blog | Mirrors

€| - Search all species...

Search: | Al species

+ | for

e.g. BRCA2 or rat X:100000..200000 or coronary heart disease

Browse a Genome

The Ensembl project produces genome databases for
vertebrates and other eukaryotic species, and makes

this information freely available online.

Popular genomes

S Human
* GRCha7

Mouse
GRCm38

Zebrafish

o 2v3

o Log in to customize this list

All genomes

| -- Select a species -- -

View full list of all Ensembl species

Other species are available in Ensembl Pre! and
EnsemblGenomes

ENCODE data in
Ensembil

ENCODE

Gene expression in
different tissues

Retrieve gene
sequence

ACCTEACTTOOESRTRR

GCCIGACT

GEGCTTETGEOEC GG
GLGCCTCTGCTROGOCT!
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Use my own data in
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[
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Predictor
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Find SNPs and other
variants for my gene
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A o g, e
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Compare genes across
species

e

e

Learn about a disease
or phenotype

®

Ensembl is a joint project between EMBL - EBI and the Wellcome Trust Sanger Institute to develop a software system which preduces and maintains

automatic annotation on selected eukaryotic genomes.

What's New in Release 73 (September 2013)

& Mew search engine using Solr

& MNew species: Duck (Anas platyrhynchos) and
Flycatcher (Ficedulla albicollis)

® Updated patches for the human assembly
(GRCh37.p12)

Full details of this release

More release news on our blog —

Latest blog posts

s 24 Sep 2013: Prel update: vervet monkey. naked
mole-rat, aardvark, dolphin and pika

s 16 Sep 2013: Ensembl at #ASHG2013

& 12 Sep 2013: Ensembl Genomes release 20 is out!

Go to Ensembl blog —

Did you know...?
It's free- take our browser workshop online!

EMBL-EBI :
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Ensembl Human Genome

http:/ /uswest.ensembl.org/Homo_sapiens/Info/Index

BLAST/BLAT | BioMart | Tools | Downloads | Help & Documentation | Blog | Mimrors

& - Search Human...

Human (GRCh37) v

Human

Homo sapiens

Search all categories v KL=l R =1 08

e.g. BRCA2 or 6:133017695-133161157 or osteoarthritis

Genome assembly: GRCh37 (GCA_000001405.13)

EEBgoe

9 More information and statistics H g E E
Download DNA FASTA

I!l i BRI | ) View karyotype

% Convert your data to GRCh37 coordinates B —
R
- —

ﬁ Display your data in Ensembl

—
o

Other assemblies Example region

s NCBI36 (Ensembl release 54)

Comparative genomics

What can | find? Homologues, gene trees, and whole genome 9
alignments across multiple species. oy

9 More about comparative analysis Example gene tree

l'!'l Download alignments (EMF)

Regulation

- 'y ¥y 7y
What can | find? DNA methylation, transcription factor binding sites, F'Yy W );
histone modifications, and regulatory features such as enhancers and o ; g
repressors, and microarray annotations.
Example regulatory
0 More about the Ensembl regulatory build and microarray feature

annotation ENCODE

N

ENCODE data in
Ensembl

l'!'l Download all regulatory features (GFF)

‘ What's New in Human release 73

e Update to Ensembl-Havana GENCODE gene set (release 18)
# Human: assembly updated to GRCh37.p12
e Human: updated RefSeq gene import

Gene annotation

What can | find? Protein-coding and non-coding genes, splice
variants, cDNA and protein sequences, non-coding RNAs.

6 More about this genebuild
l'!'l Download genes, cDNAs, ncRNA, proteins (FASTA)

% Update your old Ensembl 1Ds

"'?(’0'({ - Additional manual annotation can be found in Vega
fal

Variation

What can | find? Short sequence variants and longer structural
variants; disease and other phenotypes

6 More about wariation in Ensembil

l'!'l Download all variants (GVF)

] ,re.’n e

% Variant Effect Predictor

More news...

Pax6 INS
BRCA2

Example gene
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Gene: HBB ensGoooo0244734

Description
Location

INSDC coordinates
Transcripts

Gene summary 0

Name

Synonyms

CCDs

Ensembl version
Gene type
Prediction Method

Alternative genes

hemoglobin, beta [Source:HGNC Symbol;Acc:4827]
Chromosome 11: 5.246,694-5,250,625 reverse strand.
chromosome:GRCh37:CMOD0673.1:5246604:5250825:1

This gene has 4 transeripts (splice variants)

HBB (HGNC Symbol)

beta-globin, CD113t-C, HBD [To view all Ensembl genes linked to the name click here.]

This gene is a member of the Human CCDS set: CCDS7753
ENSG00000244734.1
Known protein coding

Annotation for this gene includes both automatic annotation from Ensembl and Havana manual curation, see article.

This gene corresponds to the following database identifiers:
Havana gene: OTTHUMGOOD00DEE678 (version 2}

Go to Region in Detail for more tracks and navigation options (e.g. zooming)

23.93 kb

Forward strand me—

5,228,000

5,240,000 5,242,000 5,244,000 5,245,000 5,230,000

3,232,000 5,254,000 5,236,000 5,238,000 5,260

< CoTC_ribozyme 1-201 = HED-003
misc RNA protein coding
o I
< HEEB-001 <= HED-
protein coding protein g
——— F——=
<= HBB-003 <= HBD-002
retained intron protein coding
—a
= HEE-002 = HED-004
retained intron protein coding
= HEE-004
protein coding
5,238,000 5,240,000 5,242,000 5,244,000 5,246,000 5,248,000 5,250,000 5,252,000 5,254,000 5,256,000 5,258,000 5,260
—mm Reverse strand 23.93 kb |

B protein coding
 merged Ensembl/Havana

Bl processed transcript
B RNA gene
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Ensembl Human HBB Gene

http:/ / uswest.ensembl.org/Homo_sapiens/Gene /Summary?db=core;g=ENSG00000244734;r=11:5246694-"

Chromosome 11: 5,246,116-5,250,047

— 1.00 Mb ——_ rorward strand -#
550 Mb 560 Mb 5.70 Mt

Chromaosome bands

Contigs

Merged Ensembl a... | » e L

mLiri n]‘hl:\l ﬁ.l_h'ln'l Fale T RW] {-\an"ﬁt il
4,80 Mb 4,90 Mb i 5.30 Mb 5.40 Mb
Gene Legend I Merged Ensembl/Havana Il Processed transcript
Il Protein coding Il Fseudogene
Il RNA gene

Location: 11:5246694-5250625

| T T [ 1 | Ii—
QQ[C= =)0

Gene:
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Ensembl Human HBB Gene Transcripts

http:/ /uswest.ensembl.org/Homo_sapiens/Gene /Summary?db=core;g=ENSG00000244734;r=11:5246694-52506:
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i Reverse strand 3.93 kb
Gene Legend B protein coding B processed transcript
m merged Ensembl/Havana
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Reg. Features Leq... I Gene associated 0 Mon-gene associated
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There are currently 441 trackstumed off.
Ensembl Homo sapienswversion 73.37 ( GRCh37) Chromosome 11: 5,246,694 - 5,250,625
il
T 1
: © Doug Brutlag 2015



http://uswest.ensembl.org/Homo_sapiens/Gene/Summary?db=core;g=ENSG00000244734;r=11:5246694-5250625
http://www.ensembl.org/
http://uswest.ensembl.org/Homo_sapiens/Gene/Summary?db=core;g=ENSG00000244734;r=11:5246694-5250625

Ensembl Human HBB Protein Summary

http:/ /uswest.ensembl.org/Homo_sapiens/ Transcript/ProteinSummary?db=core;g=ENSG00000244734;r=11:52
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Ensembl Tutorials

http:/ /uswest.ensembl.org/info/ website / tutorials / index.html

Account - Logout

|==
“" BLAST/BLAT | BioMart | Tools | Downloads | More - _

# Help & Documentation Tutorials

Ensembl Tutorials and Worked Examples

Online tutorials

@ |ntroduction to Browsing Chordate Genomes - a 3-hour comprehensive interactive tutorial aimed at beginners
Video tutorials

The tutorials listed below are Flash animations of some of our training presentations. We are gradually adding to the list, so please check back regularly.

rowerep By | Note that we are now hosting all our tutorials on YouTube (and {£B5/ for users in China) for ease of maintenance. A selection of tutorials is also
Yuu Tube available on the EBI E-Video website.

Title Running time {minutes)
The Ensembl Genome Browser 10:00
EnsemblGenomes - Extending Ensembl across the taxonomic space 4:54
Comparative Genomics 9:58
SMPs and other Variations - 1 of 2 7.06
SMPs and other Variations - 2 of 2 6:30
Introduction to BioMart 4.27
BioMart: Variation 1Ds to HGNC Symbols 2:58
Clip: Exons and Introns 1:12
Clip: Export Sequence 1:08
Clip: Genome Variation 0:37
Clip: Transcriptomics (ArrayExpress) 1:12
Clip: View Conserved Sequence 1:26
Clip: View External Data (DAS) 1:53
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UCSC Genome Home Page

http:/ / genome.ucsc.edu/

LUCSC Genome Bioinformatics

Blat - Tables - Gene Sorter - PCR - VisiGene - Session -

FAQ - Help

Genome
Browser

ENCODE

Neandertal

Blat

Table
Browser

Gene Sorter

In Silico
PCR

Genome
Graphs

About the UCSC Genome Bioinformatics Site

Welcome to the UCSC Genome Browser website. This site contains the reference sequence and
working draft assemblies for a large collection of genomes. It also provides portals to the ENCODE
and Neandertal projects.

We encourage you to explore these sequences with our tools. The Genome Browser zooms and
scrolls over chromosomes, showing the work of annotators worldwide. The Gene Sorter shows
expression, homology and other information on groups of genes that can be related in many ways.
Blat quickly maps your sequence to the genome. The Table Browser provides convenient access to
the underlying database. VisiGene lets you browse through a large collection of in situ mouse and
frog images to examine expression patterns. Genome Graphs allows you to upload and display
genome-wide data sets.

The UCSC Genome Browser is developed and maintained by the Genome Bioinformatics Group, a

cross-departmental team within the Center for Biomolecular Science and Engineering (CBSE) at the
University of California Santa Cruz (UCSC). If you have feedback or questions concerning the tools
or data on this website, feel free to contact us on our public mailing list.
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UCSC UCSC Genome Browser

http:/ / genome.ucsc.edu/ cgi-bin /hgGateway

(a) Genomes Genome Browser Tools Mirrors Downloads My Data About Us Help

Human (Homo sapiens) Genome Browser Gateway

The UCSC Genome Browser was created by the Genome Bioinformatics Group of UC Santa Cruz.
Software Copyright (c) The Regents of the University of California. All rights reserved.

i group genome assembly position search term
( Mammal 4] ( Human 4] [ Feb. 2009 (GRCh37/hg19) 4] Chr161{:]45’3444é’399- enter position, gene symbol or search term: | | submit

Click here to reset the browser user interface settings to their defaults.

track search | | add custom tracks @ track hubs | | configure tracks and display

Human Genome Browser — hg19 assembly (sequences)

The February 2009 human reference sequence (GRCh37) was produced by the
Genome Reference Consortium. For more information about this assembly, see
GRCh37 in the NCBI Assembly database.

Sample position queries

A genome position can be specified by the accession number of a sequenced
genomic clone, an mRNA or EST or STS marker, a chromosomal coordinate range,
or keywords from the GenBank description of an mRNA. The following list shows
examples of valid position queries for the human genome. See the User's Guide for
more information.

Homo sapiens
(Graphic courtesy of CBSE)
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LUCSC UCSC Genome Browser

http:/ / genome.ucsc.edu/ cgi-bin/hgGateway
UCSC Genes

HBE (ucOOlmae.l) at chrll:5246696-524830]1 - Homo sapiens hemoglcobin, beta (HBB), mRNA.

HBD (ucOO0lmaf.l) at chrll:5254059-5255858 - Homo sapiens hemoglcbin, delta (HBD), mRNA.

REBM17 (ucClOgawv.2) at chrl0:6131309-6159422 - Homo sapiens RNA binding motif protein 17
RBM17 (ucO0lijb.3) at chrl(0:61309249-6159422 - Homo sapiens RNA binding motif protein 17
HBAl (ucO0Z2cfx.l) at chrl6:226679-227520 - Homo sapiens hemoglcbin, alpha 1 (HBAl), mRNZ
HBAZ (ucO0Z2cfv.4) at chrl6:222846-223709 - Homo sapiens hemoglobin, alpha 2 (HBAZ), mRNZ
HBBP1 (uc(O0lmag.3) at chrll:5263185-5264822 - Homo sapiens hemoglcbin, bheta pseudogene 1
TMEM158 (ucOllbaf.2) at chr3:45265956-45267814 - Homo sapiens transmembrane protein 158

RefSeq Genes

HBB at chrll:5246696-5248301 - (NM 000518) hemoglobin subunit beta
HBBP1 at chrll:5263185-5264822 - (NR 001589)

Non-Human RefSeq Genes

hbb at chrll:5247810-5275746 - (NM 001201019) hemoglobin subunit beta
HBB at chrl1:5246810-5248260 - (NM 001164428) hemoglcbin subunit beta
HBB at chrl1:5246828-5248251 - (NM 001168847) hemoglcobin subunit beta
HBB at chrll1:5254194-5255663 - (NM 001164018) hemoglobin subunit beta
HBB at chrl1:5246828-5248251 - (NM 001164018) hemoglcbin subunit beta
HBB at chrl1:5246828-5248301 - (NM 001144841) hemoglobin subunit beta
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UCSC HBB Gene in the UCSC Genome Browser

http:/ / genome.ucsc.edu/ cgi-bin /hgTracks?position=chr11:5246696-5248301&hgsid=349247439&refGene=pack&

7

UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly
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UCSC UCSC Help File

http:/ / genome.ucsc.edu/goldenPath /help /hgTracksHelp.html

LUCSC Genome Bioinformatics

GeneSorter - PCR - VisiGene - Proteome

Genome Browser User Guide

Table of Contents:
What does the Genome Browser do?

Downloading genome data
Creating and Managing custom annotation tracks

-

L ]
] + Getting started on Genome Graphs
» Getting started: Genome Browser gateways . .
) ) ] + Using the VisiGene Image Browser
#* Fine-tuning the Genome Browser display i
’ . R s DNA text formatting
+ Annotation track descriptions X i
. i + Converting data between assemblies
s Using BLAT alignments
L ]
L ]

Getting started on the Table Browser
¢ Getting started using Sessions

Search the Genome Browser help pages: Submit

Search the Genome mailing list archives: Submit

See also the Open Helix tutorial and training materials.

Questions and feedback are welcome.

What does the Genome Browser do?
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