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Multiple Enhancer Sequences
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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

© Michael W. King
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Mature mRNA contains
7-Methyl-Guanylate 5’ Cap and 3’ Poly A Tail
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Structure of 5’ CAP

© Michael W. King
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Mature mRNA contains
7-Methyl-Guanylate5’ Cap
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PolyAdenylation of mRNAs

© Michael W. King
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Mature mRNA contains Coding Region
and 5’ and 3’ Untranslated Regions
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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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ESTs, Full Length cDNA
UniGene & RefSeq Databases
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GENSCAN Gene Model
http://genes.mit.edu/GENSCAN.html

Hidden Markov 
models of gene 

structure

http://genes.mit.edu/GENSCAN.html
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GrailEXPB Gene Prediction GenScan FGENESH FGENESH+ GeneMark

F Summary NCBI Gene UCSC Genome Browser EBI Ensembl

NCBI nrPROD Protein Similarity EBI pFAM UniProt

http://rulai.cshl.edu/cgi-bin/TRED/tred.cgi?process=home
http://www.ncbi.nlm.nih.gov/unists
http://www.ncbi.nlm.nih.gov/unists
http://www.ncbi.nlm.nih.gov/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/genome/
http://compbio.ornl.gov/grailexp/
http://genes.mit.edu/GENSCAN.html
http://linux1.softberry.com/berry.phtml?topic=fgenesh&group=programs&subgroup=gfind
http://www.bio.net/bionet/mm/bionews/1999-August/004901.html
http://exon.biology.gatech.edu/
http://www.ncbi.nlm.nih.gov/gene
http://genome.ucsc.edu/cgi-bin/hgGateway
http://uswest.ensembl.org/Homo_sapiens/Info/Index
http://www.ncbi.nlm.nih.gov/sites/entrez?db=Protein&itool=toolbar
http://www.ebi.ac.uk/miriam/main/collections/MIR:00000028
http://www.uniprot.org/
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
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NCBIGene
http://www.ncbi.nlm.nih.gov/gene
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http://linux1.softberry.com/berry.phtml?topic=fgenesh&group=programs&subgroup=gfind
http://www.ncbi.nlm.nih.gov/gene
http://www.ncbi.nlm.nih.gov/sites/entrez?db=unigene
http://www.ncbi.nlm.nih.gov/refseq/
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Alternative Splicing Generates
Distinct Proteins in Different Tissues
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NCBI Genome
http://www.ncbi.nlm.nih.gov/genome/

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

http://www.ncbi.nlm.nih.gov/genome/85
http://www.ncbi.nlm.nih.gov/guide/
http://www.ncbi.nlm.nih.gov/genome/85
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Human Genome Resources
http://www.ncbi.nlm.nih.gov/genome/guide/human/

http://www.ncbi.nlm.nih.gov/genome/guide/human/
http://www.ncbi.nlm.nih.gov/guide/
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NCBI Entrez Gene
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene

http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene
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Human Beta-Hemoglobin Gene Entry
http://www.ncbi.nlm.nih.gov/gene/3043

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

http://www.ncbi.nlm.nih.gov/gene/3043
http://www.ncbi.nlm.nih.gov/gene/3043
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Human Hemoglobin Gene Entry
http://www.ncbi.nlm.nih.gov/gene/3043

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

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

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

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

http://www.ncbi.nlm.nih.gov/gene/3043
http://www.ncbi.nlm.nih.gov/gene/3043
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Human Beta-Hemoglobin Biosystems
http://www.ncbi.nlm.nih.gov/biosystems/152665

http://www.ncbi.nlm.nih.gov/biosystems/152665
http://www.ncbi.nlm.nih.gov/biosystems/152665
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Human Beta-Hemoglobin Conserved Domain
http://www.ncbi.nlm.nih.gov/cdd?LinkName=gene_cdd&from_uid=3043

http://www.ncbi.nlm.nih.gov/cdd?LinkName=gene_cdd&from_uid=3043
http://www.ncbi.nlm.nih.gov/cdd?LinkName=gene_cdd&from_uid=3043
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Human Beta-Hemoglobin Homologene
http://www.ncbi.nlm.nih.gov/homologene?LinkName=gene_homologene&from_uid=3043h

http://www.ncbi.nlm.nih.gov/homologene?LinkName=gene_homologene&from_uid=3043h
http://www.ncbi.nlm.nih.gov/homologene?LinkName=gene_homologene&from_uid=3043h
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Human Beta-Hemoglobin Homologene
http://www.ncbi.nlm.nih.gov/homologene?LinkName=gene_homologene&from_uid=3043h

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

http://www.ncbi.nlm.nih.gov/gene/3043
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Human Beta-Hemoglobin SNP Gene Viewer
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?locusId=3043

http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?locusId=3043
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?locusId=3043
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Variation Viewer for Human Beta-Hemoglobin
http://ww.ncbi.nlm.nih.gov/sites/varvu?gene=3043

http://ww.ncbi.nlm.nih.gov/sites/varvu?gene=3043
http://ww.ncbi.nlm.nih.gov/sites/varvu?gene=3043
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Ensembl Home Page
http://www.ensembl.org/

http://www.ensembl.org/
http://www.ensembl.org/
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Ensembl Human Genome
http://uswest.ensembl.org/Homo_sapiens/Info/Index

http://uswest.ensembl.org/Homo_sapiens/Info/Index
http://www.ensembl.org/
http://uswest.ensembl.org/Homo_sapiens/Info/Index
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Ensembl Human HBB Gene Search
http://uswest.ensembl.org/Homo_sapiens/Search/Results?species=Homo_sapiens;idx=;q=opsin

http://uswest.ensembl.org/Homo_sapiens/Search/Results?species=Homo_sapiens;idx=;q=opsin
http://www.ensembl.org/
http://uswest.ensembl.org/Homo_sapiens/Gene/Summary?db=core;g=ENSG00000244734;r=11:5246694-5250625http://uswest.ensembl.org/Homo_sapiens/Info/Index
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Ensembl Human HBB Gene
http://uswest.ensembl.org/Homo_sapiens/Gene/Summary?db=core;g=ENSG00000244734;r=11:5246694-5250625

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

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
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Ensembl Human HBB Protein Summary
http://uswest.ensembl.org/Homo_sapiens/Transcript/ProteinSummary?db=core;g=ENSG00000244734;r=11:5246694-5250625;t=ENST00000335295

http://uswest.ensembl.org/Homo_sapiens/Transcript/ProteinSummary?db=core;g=ENSG00000244734;r=11:5246694-5250625;t=ENST00000335295
http://www.ensembl.org/


© Doug Brutlag 2015

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

http://uswest.ensembl.org/info/website/tutorials/index.html
http://www.ensembl.org/
http://uswest.ensembl.org/info/website/tutorials/
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UCSC Genome Home Page
http://genome.ucsc.edu/

http://genome.ucsc.edu/
http://www.ensembl.org/
http://genome.ucsc.edu/
http://genome.ucsc.edu/
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UCSC Genome Browser
http://genome.ucsc.edu/cgi-bin/hgGateway

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

http://genome.ucsc.edu/cgi-bin/hgGateway
http://genome.ucsc.edu/
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HBB Gene in the UCSC Genome Browser
http://genome.ucsc.edu/cgi-bin/hgTracks?position=chr11:5246696-5248301&hgsid=349247439&refGene=pack&hgFind.matches=NM_000518

,

http://genome.ucsc.edu/cgi-bin/hgTracks?position=chr11:5246696-5248301&hgsid=349247439&refGene=pack&hgFind.matches=NM_000518
http://genome.ucsc.edu/
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UCSC Genome Browser
http://genome.ucsc.edu/cgi-bin/hgTracks?position=chrX:153485203-153499469&hgsid=216983641&knownGene=pack&hgFind.matches=uc004fkd.2,

http://genome.ucsc.edu/cgi-bin/hgTracks?position=chrX:153485203-153499469&hgsid=216983641&knownGene=pack&hgFind.matches=uc004fkd.2,
http://genome.ucsc.edu/
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UCSC Genome Browser
http://genome.ucsc.edu/cgi-bin/hgTracks?position=chrX:153485203-153499469&hgsid=216983641&knownGene=pack&hgFind.matches=uc004fkd.2,

http://genome.ucsc.edu/cgi-bin/hgTracks?position=chrX:153485203-153499469&hgsid=216983641&knownGene=pack&hgFind.matches=uc004fkd.2,
http://genome.ucsc.edu/


© Doug Brutlag 2015

UCSC Genome Browser
http://genome.ucsc.edu/cgi-bin/hgTracks?position=chrX:153485203-153499469&hgsid=216983641&knownGene=pack&hgFind.matches=uc004fkd.2,

http://genome.ucsc.edu/cgi-bin/hgTracks?position=chrX:153485203-153499469&hgsid=216983641&knownGene=pack&hgFind.matches=uc004fkd.2,
http://genome.ucsc.edu/
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UCSC Help File
http://genome.ucsc.edu/goldenPath/help/hgTracksHelp.html

http://genome.ucsc.edu/goldenPath/help/hgTracksHelp.html
http://genome.ucsc.edu/
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Ensembl Human Genome
http://uswest.ensembl.org/Homo_sapiens/Info/Index/

http://uswest.ensembl.org/Homo_sapiens/Info/Index
http://www.ensembl.org/
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UCSC Genome Home Page
http://genome.ucsc.edu/

http://www.ensembl.org/
http://genome.ucsc.edu/
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UCSC Genome Browser
http://genome.ucsc.edu/cgi-bin/hgGateway

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

http://genome.ucsc.edu/cgi-bin/hgGateway
http://genome.ucsc.edu/
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UCSC Genome Browser
http://genome.ucsc.edu/cgi-bin/hgTracks?position=chrX:153485203-153499469&hgsid=216983641&knownGene=pack&hgFind.matches=uc004fkd.2,

http://genome.ucsc.edu/cgi-bin/hgTracks?position=chrX:153485203-153499469&hgsid=216983641&knownGene=pack&hgFind.matches=uc004fkd.2,
http://genome.ucsc.edu/
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UCSC Genome Browser
http://genome.ucsc.edu/cgi-bin/hgTracks?position=chrX:153485203-153499469&hgsid=216983641&knownGene=pack&hgFind.matches=uc004fkd.2,

http://genome.ucsc.edu/cgi-bin/hgTracks?position=chrX:153485203-153499469&hgsid=216983641&knownGene=pack&hgFind.matches=uc004fkd.2,
http://genome.ucsc.edu/
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UCSC Help File
http://genome.ucsc.edu/goldenPath/help/hgTracksHelp.html

http://genome.ucsc.edu/goldenPath/help/hgTracksHelp.html
http://genome.ucsc.edu/
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NCBI Gene
http://www.ncbi.nlm.nih.gov/gene

http://www.ncbi.nlm.nih.gov/gene
http://www.ncbi.nlm.nih.gov/guide/
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NCBI Gene: Human Opsin
http://www.ncbi.nlm.nih.gov/gene/?term=human+opsin

http://www.ncbi.nlm.nih.gov/gene/?term=human+opsin
http://www.ncbi.nlm.nih.gov/guide/
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NCBI Gene: Human Opsin OPN1MW
http://www.ncbi.nlm.nih.gov/gene/2652

http://www.ncbi.nlm.nih.gov/gene/2652
http://www.ncbi.nlm.nih.gov/guide/
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NCBI Gene: Human Opsin OPN1MW
http://www.ncbi.nlm.nih.gov/gene/2652

http://www.ncbi.nlm.nih.gov/gene/2652
http://www.ncbi.nlm.nih.gov/guide/
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MapViewer: Human Opsin OPN1MW
http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?TAXID=9606&QSTR=2652[gene_id]&QUERY=uid(-2121809236,-2146581393,-1811867843)&chr=X&maps=ugHs,ensgenes,rna,genes-r&beg=153378000&end=153533000&links=off&verbose=on&compress=off&width=350&size=30

http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?TAXID=9606&QSTR=2652%5Bgene_id%5D&QUERY=uid(-2121809236,-2146581393,-1811867843)&chr=X&maps=ugHs,ensgenes,rna,genes-r&beg=153378000&end=153533000&links=off&verbose=on&compress=off&width=350&size=30
http://www.ncbi.nlm.nih.gov/guide/
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Evidence Viewer for OPN1MW
http://www.ncbi.nlm.nih.gov/sutils/evv.cgi?taxid=9606&contig=NT_167198.1&gene=OPN1MW&lid=2652&from=4366022&to=4380289

http://www.ncbi.nlm.nih.gov/sutils/evv.cgi?taxid=9606&contig=NT_167198.1&gene=OPN1MW&lid=2652&from=4366022&to=4380289
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NCBI OMIM Home Page
http://www.ncbi.nlm.nih.gov/omim

http://www.ncbi.nlm.nih.gov/omim
http://www.ncbi.nlm.nih.gov/guide/
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OMIM Home Page
http://omim.org/

http://omim.org/
http://omim.org/
http://omim.org/
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OMIM Coverage
http://www.ncbi.nlm.nih.gov/Omim/mimstats.html

67% Genes>
33% Phenotypes>

January 27, 2014

http://genome.ucsc.edu/cgi-bin/pbGateway
http://omim.org/
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OMIM Home Page
http://omim.org/

http://omim.org/
http://omim.org/
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Colorblindness in OMIM
http://omim.org/search?index=entry&sort=score+desc%2C+prefx_sort+desc&start=1&limit=10&search=colorblindness

http://omim.org/search?index=entry&sort=score+desc,+prefix_sort+desc&start=1&limit=10&search=colorblindness
http://omim.org/
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Colorblindness in OMIM
http://omim.org/search?index=entry&sort=score+desc%2C+prefx_sort+desc&start=1&limit=10&search=colorblindness

http://omim.org/search?index=entry&sort=score+desc,+prefix_sort+desc&start=1&limit=10&search=colorblindness
http://omim.org/


© Doug Brutlag 2015

Colorblindness in OMIM
http://omim.org/entry/303800

http://omim.org/entry/303800
http://omim.org/
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External Links in OMIM
http://omim.org/external

http://omim.org/external
http://omim.org/
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External Links in OMIM
http://omim.org/external

http://omim.org/external
http://omim.org/


© Doug Brutlag 2015

RefSeq Gene
http://www.ncbi.nlm.nih.gov/refseq/rsg/

http://www.ncbi.nlm.nih.gov/refseq/rsg/
http://www.ncbi.nlm.nih.gov/guide/
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NCBI UniGene
http://www.ncbi.nlm.nih.gov/unigene

http://www.ncbi.nlm.nih.gov/unigene
http://www.ncbi.nlm.nih.gov/guide/
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NCBI Homologene Database
http://www.ncbi.nlm.nih.gov/homologene

http://www.ncbi.nlm.nih.gov/homologene
http://www.ncbi.nlm.nih.gov/guide/
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NCBI Homologene Database
http://www.ncbi.nlm.nih.gov/homologene

http://www.ncbi.nlm.nih.gov/homologene
http://www.ncbi.nlm.nih.gov/guide/
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Comparative Genomics
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Ensembl Human Opsin Search
http://uswest.ensembl.org/Homo_sapiens/Search/Results?species=Homo_sapiens;idx=;q=opsin

http://uswest.ensembl.org/Homo_sapiens/Search/Results?species=Homo_sapiens;idx=;q=opsin
http://www.ensembl.org/


© Doug Brutlag 2015

Ensembl Human OPN1MW Gene
http://uswest.ensembl.org/Homo_sapiens/Gene/Summary?g=ENSG00000147380;r=X:153448107-153461633

http://uswest.ensembl.org/Homo_sapiens/Gene/Summary?g=ENSG00000147380;r=X:153448107-153461633
http://www.ensembl.org/
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Ensembl Opsin OPN1MW Gene Location
http://uswest.ensembl.org/Homo_sapiens/Location/View?h=Havana%20gene;r=X:153448107-153461633#r=X:153448109-153461632

http://uswest.ensembl.org/Homo_sapiens/Location/View?h=Havana%20gene;r=X:153448107-153461633#r=X:153448109-153461632
http://www.ensembl.org/
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Ensembl OPN1MW Transcripts
http://uswest.ensembl.org/Homo_sapiens/Location/View?h=Havana%20gene;r=X:153448107-153461633#r=X:153448109-153461632

http://uswest.ensembl.org/Homo_sapiens/Location/View?h=Havana%20gene;r=X:153448107-153461633#r=X:153448109-153461632
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