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Sequencing-By-Synthesis Demo
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ﬂ “ Prepare genomic DNA sample

it i Adapters Randomly fragment genomic DNA and ligate
adapters to both ends of the fragments
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illumina’

[llumina Solexa Sequencing Technology

Sequencing-By-Synthesis Demo

Adapter
DMA fragment

Dense lawn of primers

Attach DNA to surface

Bind single stranded fragments randomly to
the inside surface of the flow cell channels.
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[llumina Solexa Sequencing Technology

Sequencing-By-Synthesis Demo
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Bridge amplification
Add unlabeled nucleotides and enzyme fo
initiate solid-phase bridge amplification,
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[llumina Solexa Sequencing Technology

Seguencing-By-Synthesis Demo

Attached terminus
Free terminus

Fragments become

double stranded
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[llumina Solexa Sequencing Technology

Seqguencing-By-Synthesis Demo
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Aftached

Denature the double
stranded molecules
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[llumina Solexa Sequencing Technology

Sequencing-By-Synthesis Demo

Clusters

Completion of amplification

On completion, several million dense clusters
of double stranded DNA are generated in each
channel of the flow cell,
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First chemistry cycle:
determine first base

To initiate the first sequencing cycle, add all
four labeled reversible terminators, pimers and
DMNA polymerase enzyme to the flow cell,
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Sequencing-By-Synthesis Demo
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Image of first chemistry cycle  Before initiating

Afler laser excitation, caplure the image of the next chemistry cycle

emitted fluorescence from each clusteronthe  Tha blocked 3' terminus and the fluorophore

Illﬂw {:E“ HEﬂl.'.lrd thE IdEF‘ItIl!.I' ':l' thE‘ fmﬁt |:IE|5E-' fmm E‘ﬂﬂh ||‘|m‘pﬂrated baﬁe are mmml
for each cluster
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illumina’

[llumina Solexa Sequencing Technology

Seguencing-By-Synthesis Demo

« : (T
. | Second Chemistry Cycle:
il determine second base

To initiate the next sequencing cycle, add all
four labeled reversible terminators and
enzyme to the flow cell,
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" Laser
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lrfiina [llumina Solexa Sequencing Technology

)

Sequencing-By-Synthesis Demo

:

Image of second chemistry cycle

is captured by the instrument

After laser excitation, collect the image data as
before. Record the identity of the second base
for each cluster
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2
Seguencing-By-Synthesis Demo
.
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Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5
= l |
GCTGA Sequence read over multiple
LR 3
chemistry cycles
Repeal cycles of sequencing to determine
the sequence of bases in a given fragment
a single base at a time
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454 465 ces

Life Sciences 454 Process Overview
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1) Prepare Adapter Ligated ssDNA Library

2) Clonal Amplif cation 3) Load beads and enzymes  4) Perform Sequencing by synthesis
on 28 | beads in PicoTiter Plate™ on the 454 Instrument
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Pacific Biosciences SMRT Sequencing
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New PacBio Sequencing Technology Video

http:/ / www.pacificbiosciences.com / products / smrt-technology /

| Search |

34, Customers i, DevNet I, SampleNet

PACIFIC

BIOSCIENCES®

PRODUCTS

PACBIORS II»
Workflow »

CONSUMABLES »
SMRT Cells
Reagents »
Disposables »

SOFTWARE »
Instrument »
Analysis »
Algorithms »

SMRT Sequencing
Advantage »

APPLICATIONS
BLOG

Home | Products | SMRT Technology

SMRT TECHNOLOGY

Our SMRT technology hamesses the natural process of DNA replication, which is a highly
efficient and accurate process. The enzyme responsible for replicating DNA in nature is
called the DNA polymerase. The DMA polymerase attaches itself to a strand of DNA to be
replicated, examines the individual base at the point it is attached, and then determines
which of four building blocks, or nucleotides, is required to replicate that individual base. After
determining which nucleotide is required, the polymerase incorporates that nucleotide into
the growing strand that is being produced. After incorporation, the enzyme advances to the
next base to be replicated and the process is repeated. Our SMRT technology enables the
observation of DNA synthesis as it occurs in real time. To overcome the challenges inherent
in observing an enzyme that is 15 nanometers, or nm, in diameter running in real time, we
developed three key innovations:

* The SMRT Cell

* Phospholinked nuclectides

» The PacBio RS II

Watch an overview of SMRT Technology below.

i=~ PLAYLIST | 27/52 Owerview of SMRT Technology

SMRT* Cell

PRODUCTS COMMUNITY  SERVICES & SUPPORT

With an active polymerase immobilized at
the bottom of each ZMW, nuclectides
diffuse into the ZMW chamber. In order to
detect incorporation events and identify
the base, each of the four nuclectides A,
C, G and T are labeled with a different
fluorescent dye having a distinct emission

spectrum. Since the axcitation
illumination s directed to the bottom of
the ZMW, nucleotides held by the
polymerase prior to incorporation emit an
extended signal that identifies the base
being incorporated.
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PACIFIC
BIOSCIENCES™

Pacific Biosciences SMRT Sequencing
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Figure 6. ZMW with DNA polymerase and Figure 4. Detection volume

phospholinked nucleotides Attenuated light from the excitation beam

Phospholinked nucleotides are added into the
ZMW at the high concentrations required for

proper enzyme functioning.

penetrates only the lower 20-30 nm of each

waveguide, creating a detection volume of
20 zeptoliters (1072 liters).
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Phospholinked Fluorophores
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triphosphate deoxyribose

Figure 9. Phospholinked nucleotides

Phospholinked nucleotides have fluorophores attached to
the triphosphate chain, which is naturally cleaved when

the nucleotide is incorporated.
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Processive Synthesis
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Synthesis of Long Duplex DNA

%
£
-

Figure 11. Synthesis of long DINA.

DMNA polymerase processively incorporates

nucleotides producing long, natural DMNA.
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Highly Parallel Optics System
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|

DNA Template

Nucleotide Analogs
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Waveguide Chip
! Objective Lens
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Light Source

Color Separation
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Zero-Mode Waveguide Chip

Monachrome Detector

Biolnformatics

T

Data Processing
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Circular Templates Gives Redundant
Sequencing and Accuracy

1L LD
’ N ‘*n i b
", ® _ -~ 3
a Yanai 1 b
FI_-_ "iipllnpiijqui IIIII LA L LY LA LA LLE DEL LT flrvd bl o mEg b ..i.- | ]
= ]
o el
'-:F i*!'*l'

© Doug Brutlag 2014


http://www.pacificbiosciences.com/smrt-biology/overview
http://www.pacificbiosciences.com/smrt-biology/overview
http://www.pacificbiosciences.com/

PACIFIC

aaiicl (Circular Templates Gives Redundant
Sequencing and Accuracy

=)
-._ﬁ_w““:%ﬂ;
] F o 4
iiiiﬁiiiimﬁinﬁ “eawRARTResETEAVERERVANES
i
&

!iﬂ!lf%
i

.

f’i‘ ﬂf%
£ 3

LR R

(

Figure 16. Molecular redundant

SequUerncirng

© Doug Brutlag 2014


http://www.pacificbiosciences.com/

ion torrent
& % 0 X = T

lon Torrent Sequencing

,
’et' ze oleaiee | lON tOrrEnt
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fastest next-gen workflow
10X more throughput

4 fastest-selling sequencer
all in six months

Combating Superbug...more >

lon Torrent long read accuracy,
download app note & data...more >

View more lon News...go >
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Ion Torrent Sequencing
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The Human Genome
How fast is the cost going down?

2006: $ 50 million = P \oure Loy oy
2008: $500,000
2009: $50,000
2010: $20,000
2011: $5,000
2012: $4,000

2013: $3,000
2014 $1,700

“The locket contains a strand of my DNA.” o e o ThkS tO Seraf m Batzogl ou



Cost per Genome

$100M

O AN
$10M RO A

9.0 N Moore's Law

$1M

$100K

National Human Genome ’ ,_
$10K Research Institute MAs A

genome.gov/sequencingcosts

A e e oy e iy iy ey i ey ey ey ey

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
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Cost per Raw Megabase of DNA Sequence

$10K

$1K

Moore's Law

$100
$10

$1

m National Human Genome
Research Institute
$0.1

genome.gov/sequencingcosts

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
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Components of a Typical Human Gene

TFBS Promoter Exon Intron Exon Intron Exon Terminator

Gen

L
L
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Active Genes are Transcribed into RNA

Promoter Exon Intron  Exon Intron  Exon  Terminator

Gen

L
®

Prirmary
lranscript
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Splicing Transcript Yields Mature mRNA

Promoter Exon Intron  Exon Intron  Exon Terminator

Gene
lranscript
Splicing
s 27 mrRNA
)
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Mature mRNA contains Coding Region
and 5" and 3" Untranslated Regions

Promoter Exon Intron  Exon Intron Exon Terminator

Gene
5UTR | ST
lranscript
Splicing
27 mRNA
)
SUTR | Coding Region | SUTR
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Mature mRNA contains
7-Methyl-Guanosine 5 Cap and 3’ Poly A Tail

Promoter Exon Intron  Exon Intron Exon Terminator

T Gene

5UTR | | B’UTRI
lranscript
Splicing
mrNA
surr | Coding Region g1z

7-Me-G-Cajp 3’ Poly A Tail
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Promoter

Exon

ESTs, Full Length cDNA
UniGene & RetSeq Databases

Exon

Exon

Terminator

Splicing
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ESTs, Full Length cDNA
UniGene & RetSeq Databases

Promoter Exon Exon Exon Terminator
5 UTR J
| | 3 UT
| |
Splicing
| |
| |
| |
5 UTRI I3’ UTR
Protein
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GENSCAN Gene Model
http:/ / genes.mit.edu/ GENSCAN.html

Hidden Markov
models of gene
structure
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Genome Databases Aiii’ﬂ;,’?dj

A Mapping

B Gene Prediction

. =

D Protein Similarity

E Additional Data

o
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Alternative Splicing Generates
Distinct Proteins in Different Tissues

Promoter Exon Exon Exon Terminator

Splicing

Alternate Splicing
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NCBI Genomes

http:/ / www.ncbi.nlm.nih.gov /genome
& NCBI  Resources & How To ) brutlag My NCBI Sign Out
] dog .'

Limits Advanced Help

Genome [ Genome

Genome

This resource organizes information on genomes including sequences, maps,
chromosomes, assemblies, and annotations.
e
7

Using Genome

Help

Browse by Organism

Download / FTP

Submit a genome

Genome Tools

BLAST the Human Genome

Genomic groups BLAST

NCBI remap

Genome Decoration Page

Custom resources

Human Genome

Microbes

Organelles

Plants

Viruses

Genome Annotation and Analysis

Eukaryotic Genome Annotation

Prokaryotic Genome Annotation

PASC (Pairwise Sequence Comparison)

TaxPlot (3-way Genome Comparison)

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)
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Eukaryote Genome s

http:/ / www.ncbi.nlm.nih.gov / genomes/leuks.cgi
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Canis lupus familiaris Genome

http:/ / www.ncbi.nlm.nih.gov /sites / entrez?db=bioproject&cmd=Retrieve&dopt=O

) & NCBI  Resources (] HowTo () brutlag My NCBI Sign Out
BioProject [BioProject (G %] |
Limits Advanced Help
Display Settings: [+] Send to: [
. NCBI Links t
Name: Canis lupus familiaris (dog) Accession: PRINA10726 1D: 10726 \japViewer
Title: Model organism that is notable for its extensive genetic diversity and BLAST

morphological variation
® 9 Dog Genome Resources

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
. . . . . . Canine Genetic Linkage Map

particularly suspceptible to inherited diseases that are also common in humans, such as cancer,

heart disease, rheumatoid arthritis, autoimmune disorders, deafness, and blindness. The size of The FHCRC Dog Genome Project

the haploid dog genome is estimated to be 2445 Mb. The diploid genome is organized in 38 pairs The Dog Genome Project, UC Berkeley

of autosomes and two sex chromosomes. The Canine Radiation Hybrid Project

Related Resources 2

Cytogenetics and Canine Cancer, NC State

Project type: Organism overview Canine Sequencing White Paper

Online Mendelian Inheritance in Animals
Lineage: Eukaryota; Metazoa, Chordata; Craniata; Vertebrata, Euteleostomi, Mammalia, Eutheria,

DogMap
Laurasiatheria; Carnivora; Caniformia; Canidae; Canis; Canis lupus; Canis lupus familiaris

NISC Comparative Vertebrate Sequencing

Component Projects

Project Type Number of Projects Recent activity -

» Genome sequencing 3 Tum Off Clear
1 Chromosome(s); 1 Contigs; 1 Unknown [E] NFATCH1 [Canis lupus familiaris]

> Map 5 Gene

[E Canis lupus familiaris

* RefSeq Genome BioProject (Genome Project)

1 Chromosome(s) El Opn1mw opsin 1 (cone pigments), medium-
wave-sensitive (color blindness, deutan) ... Gene
Project Data Q_ opsin (1340)
PMC: 1 Gene
Pubmed: 6 Q txid9612[orgn] (31566)
Genome: 39 Gene
2014

Nucleotide: 4356 [~ PRpp——
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NCBI Entrez Gene

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

& NCBI Resources (] How To(y) brutlag My NCBI Sign Out

Gene [Gene 4] human opsin| [ Search

Limits Advanced Help

Welcome to Gene

Gene integrates information from a wide range of species. A record may

include nomenclature, Reference Sequences (RefSeqs), maps, pathways,
| variations, phenotypes, and links to genome-, phenotype-, and locus-specific
resources worldwide.

Using Gene Gene Tools Other Resources
Gene Quick Start Submit GeneRIFs HomoloGene
FAQ Submit Correction OMIM
Download/FTP Statistics RefSeq
RefSeq Mailing List BLAST RefSegGene
Gene News ) Genome Workbench UniGene
Splign Protein Clusters
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Results: 1 to 20 of 58

NCBI Entrez Gene: Human Opsin

http:/ /www.ncbi.nlm.nih.gov / gene?term=human%20opsin

brutlag My NCBI Sign Out

[Search

I::; NCBI Resources [v] How To [v]
Gene [ Gene 4] human opsin

Save search Limits Advanced
Display Settings: [+] Summary, 20 per page, Sorted by Relevance Send to: [v]

Page [1 Tof3  Next>  Last>>

OPN1LW

Official Symbol: OPN1LW and Name: opsin 1 (cone pigments), long-wave-
sensitive [Homo sapiens]

Other Aliases: hCG_41347, CBBM, CBP, COD5, RCP, ROP

Other Designations: OTTHUMPO0000032193; cone dystrophy 5 (X-linked); long-wave-s
Chromosome: X; Location: Xq28

Annotation: Chromosome X, NC_000023.10 (153409725..153424507)

MIM: 300822

ID: 5956

Order cDNA clone

OPN1SW

Official Symbol: OPN1SW and Name: opsin 1 (cone pigments), short-wave-
sensitive [Homo sapiens]

Other Aliases: BCP, BOP, CBT

Other Designations: OTTHUMP00000212782; blue cone photoreceptor pigment; blue-st
Chromosome: 7; Location: 7g32.1

Annotation: Chromosome 7, NC_000007.13 (128412543..128415844, complement)
MIM: 613522

ID: 611

Order cDNA clone

Database: [ Select

Help

Filter your results:

All (58)
Current Only (52

Genes Genomes (50)

SNP GeneView (44)

In Variation Viewer (8)

Manage Filters

¥ Top Organisms [Tree]

Homo sapiens (24)

Mus musculus (20)

Rattus norvegicus (6)
Pediculus humanus corporis (3)
Bos taurus (2)

All other taxa (3)

More...

Find related data =

ap

Find items
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Entrez Gene: Human Opsin OPNIMW

http:/ / www.ncbi.nlm.nih.gov / gene /2652

— NCBI Resources [+] How To[v]

brutlag My NCBI

Gene

Official Full Name
Primary source
See related

Gene type
RefSeq status
Organism
Lineage

Also known as

Summary

(Gene ¢l

[Search

Limits Advanced

Display Settings: (+] Full Report Send to: [v]

OPN1MW opsin 1 (cone pigments), medium-wave-sensitive [ Homo sapiens ]

Gene ID: 2652, updated on 29-Sep-2011

+| Summary 22
Official Symbol OPN1MW provided by HGNC

opsin 1 (cone pigments), medium-wave-sensitive provided by HGNC

HGNC:4206

Ensembl:ENSG00000147380; HPRD:02365: MIM:300821

protein coding

REVIEWED

Homo sapiens

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

CBD; GCP; GOP; CBBM; CODS; OPN1MW1; OPN1MW2; MGC176615; MGC177321;
MGC198468; MGC 198469

This gene encodes for a light absorbing visual pigment of the opsin gene family. The encoded
protein is called green cone photopigment or medium-wavelength sensitive opsin. Opsins are
G-protein coupled receptors with seven transmembrane domains, an N-terminal extracellular
domain, and a C-terminal cytoplasmic domain. The long-wavelength opsin gene and multiple
copies of the medium-wavelength opsin gene are tandemly arrayed on the X chromosome and
frequent unequal recombination and gene conversion may occur between these sequences. X
chromosomes may have fusions of the medium- and long-wavelength opsin genes or may
have more than one copy of these genes. Defects in this gene are the cause of deutanopic
colorblindness. [provided by RefSeq, Mar 2009]

Help

Table of contents
Summary

Genomic context
Genomic regions, transcripts, and products
Bibliography
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General gene info
General protein info
Reference seguences
Related sequences
Additional links

Links

Order cDNA clone
BioAssay, by Gene target
BioAssays, Gene target, Active
BioProjects

BioSystems

Books
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dbVar

Full text in PMC

Genome
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Entrez Gene: Human Opsin OPN1IMW

http:/ / www.ncbi.nlm.nih.gov / gene /2652

~ Genomic regions, transcripts, and products

x|?

Go to reference sequence details

Genomic Sequence [ NC_000023 chromosome X reference GRCh37.p5 Primary Assembly ¢]

153,445,944 : 153,464,491 (18,548 bases shown, positive strand)

d\ Flip Strands | @, @, dTé | &

Go to nucleotide Graphics

FASTA GenBank
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SNP
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Evidence Viewer for OPNIMW

http:/ / www.ncbi.nlm.nih.gov /sutils / evv.cgi?taxid=9606&contig=NT_167198.1&gene=OPN1M]

Evidence Viewer

S'-" NCBI . A P ; Homo sapiens
P o~

OPN1MW

PubMed Nucleotide " Protein OMIM Genome Taxonomy PopSet

Key for display of mRNAs aligning in this region: MapView
Evidence Viewer Help

m Genomic sequence (C)

m model exons, single (M) m mRNA exons, single (G, R)

m model exons, overlapping (M) = mRNA exons, overlapping (G, R)

C = contig; M = model mRNA; R = RefSeq mRNA; G = GenBank mRNA
R = new since last genome build; R = updated since last genome build

EST density key (E):

1 EST 2-5ESTs m6-20 ESTs
m21-99 ESTs m>100 ESTs

6 exons and 1 gene found in this genomic region spanning 15068 bp.

View graphic only
4365623 4380690

CNT 167198.] —m — ] A n .
GBC140938.1 m ] | | m n
GBC143790.1 nm ] | | m n
GBC171754.1 n m ] N | |
GBC171755.1 n m ] | | n
RNM 0005132 m ] | | | —
EESTs

mismatches:; I

indels: 1 —

Mouse over mismatches, indels and unaligned regions to see their exon number. o Brutlag 2014
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OMIM Home Page

http:/ /www.ncbi.nlm.nih.gov/entrez / query.fcgi?db=OMIM

Online Mendelian Inheritance in Man

Protein

Nudleotide

OMIM

Ganoma

Entraz

OMIM

Search OMIM
Search Gene Map
Search Morbid Map

Help
OMIM Help
How to Link

FAQ

MNumbering System
Symbals

How to Print
Citing OMIM
Download

OMIM Facts
Statistics

Update Log
Restrictions on Use

Allled Resources
Ganetic Aliance

Model Organisms
MitoMap

Phenolype

Davis Human/Mouse
Homology Maps

Coriell

The Jackson Laboratory
Human Genea
MNomenclature

Human Genome
Resources

Genes and Disease
LocusLink

Map Viewer
Sequencing Progress

L

Search | omim [+] for |

Limits

Preview/ | ndex

Enter one or more search terms.
Use Limits to restrict your search by search field, chromosome, and other criteria.
Use Index to browse terms found in OMIM records.
Use History to retrieve records from previous searches, or to combine searches.

History

Johns
Hopkins
University
PMC
Clear
Clipboard Details

] OMIM™ - Online Mendelian Inheritance in Man™

Taoomomy oMM

HEw OMIM is now incorporated into NCBI's Entrez system and can be queried using the same

approach as the other Entrez databases such as PubMed and GenBank. The previous OMIM pages are
still available here.

Welcome to OMIM, Online Mendelian Inheritance in Man. This database is a catalog of human genes and genetic
disorders authored and edited by Dr. Victor A. McKusick and his colleagues at Johns Hopkins and elsewhere, and
developed for the World Wide Web by NCEI, the National Center for Biotechnology Information. The database
contains textual information and references. It also contains copious links to MEDLINE and sequence records in
the Entrez system, and links to additional related resources at NCBI and elsewhere.

You can do a search by entering one or more terms in the text box above. Advanced search options are
accessible via the Limits, Preview/Index, History, and Clipboard options in the grey bar beneath the text box. The
OMIM help document provides additional information and examples of basic and advanced searches.

The links to the left provide further technical information, searching options, frequently asked questions (FAQ),
and information on allied resources. To return to this page, click on the OMIM link in the black header bar or on
the graphic at the top of any OMIM page.

NOTE: OMIM is intended for use primarily by physicians and other professionals concerned with genetic
disorders, by genetics researchers, and by advanced students in science and medicine. While the OMIM database
is open to the public, users seeking information about a personal medical or genetic condition are urged to
consult with a qualified physician for diagnosis and for answers to personal questions.
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Colorblindness in OMIM

Johns
Hopking
University

My NCEBI H
Welcome brutlag. [Sign Out]

NCBI Online Mendelian Inheritance in Man

All Databases PubMed MNucleotide

Search [ omiM 3| for | Go || Clear]|

Protein Genome Structure OMIM

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

Display [ Titles ¢] Show (20 #](sendto  ¢]

[ All:3 | OMIM UniSTS: 1 | OMIM dbSNP: 1

Items 1-3 of 3 One page.
Recent activity =
1:#303800. COLORBLINDNESS. PARTIAL. DEUTAN SERIES: CBD GeneTests, Links Turn Off Clear
DEUTERANOMALY, INCLUDED
Gene map locus Xg28 Q, OMIM for Gene (Select 265... (3) o
2:#303700. BLUE CONE MONOCHROMACY: BCM GeneTests, Links B HomoloGene:88332.Gene exclusive
CONE DYSTROPHY 5. X-LINKED, INCLUDED: COD35, INCLUDED to H.sapiens

G locus Xq28. Xq28
ene map locus AQ2s. AQ28 Q, HomoloGene for Gene

3:%300821. OPSIN 1. MEDIUM-WAVE-SENSITIVE: OPNIMW MGI, GeneTests, Links (Sele... (1) HomoloGene
Gene map locus Xqg28

Q, BioSystems for Gene (Sele..giTeystems

E Acanthocheilonema viteae

» See more...
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Colorblindness in OMIM

http:/ /omim.org /entry /303800

#303800 » Table of Contents - #303800

External Links:

COLORBLINDNESS, PARTIAL, DEUTAN SERIES; CBD

+ Clinical Resources

Clinical Trials

Alternative titles; symbols Gene Tests
' Genetic Alliance

DEUTAN COLORBLINDNESS; DCB Genetics Home Reference
. DEUTERANOPIA » Variation
GREEN COLORBLINDNESS

v Animal Models
¥ Cellular Pathways

Other entities represented in this entry:

DEUTERANOMALY, INCLUDED

B
& I
Phenotype Gene Relationships
Location Phenotype Phenotype Gene/Locus Gene/Locus
MIM number MIM number
Xq28 Colorblindness, deutan 303800 OPNIMW 300821

Clinical Synopsis

TEXT

A number sign (#) is used with this entry because deutan colorblindness is caused by mutation in the
OPNIMW gene (300821), which encodes green cone pigment.

Description

Normal color vision in humans is trichromatic, being based on 3 classes of cone that are maximally sensitive to
light at approximately 420 nm (blue cones; 613522), 530 nm (green cones; 300821), and 560 nm (red cones;
300822). Comparison by neural circuits of light absorption by the 3 classes of cone photoreceptors allows
perception of red, yellow, green, and blue colors individually or in various combinations. Dichromatic color
vision is severely defective color vision based on the use of only 2 types of photoreceptors, blue plus green
(protanopia; see 303900) or blue plus red (deuteranopia). Anomalous trichromacy is trichromatic color vision
based on a blue, green, and an anomalous red-like photoreceptor (protanomaly), or a blue, red, and an
anomalous green-like photoreceptor (deuteranomaly). The color vision defect is generally mild but may in
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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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RetSeq
http:/ /www.ncbi.nlm.nih.gov/ RefSeq /

<

> NCBI
PubMed All Databases
Search [ All Databases -

BLAST OMIM Books

Brief Description
Scope
Announcements
Access and Availability
Distinguishing Features
References

e & & & &

INCBI Reference Sequences

The Reference Sequence (RefSeq) collection aims to provide a
comprehensive, integrated, non-redundant, well-annotated set
of sequences, including genomic DNA, transcripts, and
proteins. RefSeq is a foundation for medical, functional, and
diversity studies; they provide a stable reference for genome
annotation, gene identification and characterization, mutation
and polymorphism analysis (especially RefSeqGene records),
expression studies, and comparative analyses. [more...]

» Scope t

NCBI provides RefSeqs for taxonomically diverse organisms
including eukaryotes, bacteria, and viruses. Additional records
are added to the collection as data become publicly available.

» Announcements 4

September 7, 2011: The Conserved CDS (CCDS) database
released an update for human following genome reannotation
by NCBI and Ensembl. This update adds 972 new CCDS IDs,
bringing the total to 26,473 consistently consistently annotated
coding regions that pass CCDS QA tests.[more]

! i m genomes:* :mnscrrprs prorem;]

Structure

Taxonomy

Site contents

Information

NCBI Handbook
Overview | FAQ @
Accessions | Status |
Queries | Publications
FTP

RefSeq Release
Catalog | Notes
Genomes

BLAST databases
Statistics
Release Statistics
Feedback

NCBI Help Desk

Submit Updates
Submit GeneRIF

Subscribe to email list or
RSS

RefSeq | Gene News (RSS)
Map Viewer | NCBI
Related links

Genomic Biology Home
Gene | Genome Project
Entrez Genomes Home
Map Viewer | UniGene
Credits

Collaborators

Microbial Providers

Viral Genome Advisors
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RefSeq Gene

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

&= NCBI Resources (v] HowTo [¥) brutlag My NCBI Sign Out

<«

RefSeqGene Gene

RefSeqGene

RefSeqGene defines genomic sequences to be used as reference
standards for well-characterized genes and is part of the Locus Reference
Genomic (LRG) Project.

Using RefSeqGene Tools Related Sites

About Clinical Remap Entrez Gene

Browse Genes with RefSeqGene Sequences Genome Workbench RefSeq

See RefSeqGene Sequences in the Map Viewer Locus Reference Genomic (LRG)

Mucleotide Database
FefSeqlGene BLAST Variation Databases { dbSNP, dbVar)

Download Data
Cnline Mendelian Inheritance In Man

New RefSeqGene Sequences (last 30 days) CRE
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< = - My NCBI H
(-_: N C B[ gg" UniGene Welcome brutlag. [Sign Ouf]

All Databases PubMed Nuclectide Protein Genome Structure PMC Journals

Search | uniGene k4] for ( Go ) ( clear)

Limits T Preview/Index T History T Clipboard T Details 1

UntGan UniGene: An Organized View of the Transcriptome.
Homepage
FAQs
Query Tips
Library Browser Each UniGene entry is a set of transcript sequences that appear to come from the
DDD same transcription locus (gene or expressed pseudogene), together with
Download UniGene information on protein similarities, gene expression, cONA clone reagents, and
. genomic location.
Related
E Databases Species UniGene Entries
Gene Chordata
HomoloGene "
dbEST Mammalia
Trace Archive Bos taurus (cow) 43,448
F‘ﬁ Canis lupus familiaris (dog) 27,853
s NIH cDNA Equus caballus (horse) 8,348
’ Pro}ectsr-‘ Homo sapiens (human) 123,891
gnﬁgn;;c” A:GC Macaca fascicularis {crab-eating macaque) 11,980
Macaca mulatta (rhesus monkey) 15,359
Monodelphis domestica (gray short-tailed opossum) 359
Mus musculus (mouse) 79,119
- Ornithorhynchus anatinus (platypus) 1,831
Oryctolagus cuniculus (rabbit) 6,576
Ovis aries (sheep) 14,659
Papio anubis (olive baboon) 12,110
Pongo abelii (Sumatran orangutan) 6,996
Rattus norvegicus (Norway rat) 65,511
Sus scrofa (pig) 51,670
Trichosurus vulpecula (silver-gray brushtail possum) 11,711
Actinopterygii
Danio rerio (zebrafish) 56,944
Fundulus heteroclitus (killifish) 4,618
Gadus morhua (Atlantic cod) 14,542
Gasterosteus aculeatus (three spined stickleback) 18,938
Oncorhynchus mykiss (rainbow trout) 25,025
. N Oryzias latipes (Japanese medaka) 22,552
y ] X N Pimephales promelas (fathead minnow) 21,765
Sk I Y Salmo salar (Atlantic salmon) 36,314
f ! : f Takifugu rubripes (pufferfish) 3,809
i 'y Amphibia
Ve o0 A B f(enopus laevis (African clawed frog) 35 077 & 2014
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NCBI Homologene Database

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

(i NCBI I:I HomoloGene

Help
g All Databases PubMed Nucleotide Protein Genome Structure OMIM PMC Journals Books
Search [ HomoloGene 3] for | Go || Clear|
Limits | Preview/index | History | Clipboard | Details |
HomoloGene HomoloGene is a system for automated detection of homologs among the annotated genes of several completely
Homepage sequenced eukaryotic genomes.
Query Tips
Buld Procedura HomoloGene Release 65 Statistics
FTP site
Genome What's New
Resources Initial numbers of genes from complete genomes, numbers of genes placed in -
A % m’:‘r’“zasgm: a homology group, and the numbers of groups for each species. E:r?;?:éiﬁligiian?fff&?gﬁ:jing
Rattus norvegicus ] species: Homo sapiens (NCBI
’ Danio rerio Species Number of Genes =~ HomoloGene rglease 37.2), Danio rerio (NCBI
Input Grouped groups release 4.1), Drosophila
Homo sapiens 19,043" 18,981 18,431 melanogaster (NCBI release 8.3)
Pan froglodytes 25,096 16,850 15,980 Caenorhabditis elegans (NCBI
Canis familiaris 19766 16,708 15,951 [ﬁ'g%sfmﬁ;gég’;‘:')“las's thaliana
Bos taurus 22,049 18,180 16,224 o
Mus musculus 25,388 21,766 19,005
Rattus norvegicus 21,991 19,229 17,473
Gallus gallus 17,959 13,142 11,805
Danio rerio 26,690° 21,084 14,067 Related Resources
Drosophila melanogaster 13,827" 9,282 7.749 |Entrez Genomes
Anopheles gambiae 12,460 8,867 7,541 | A collection of complete genome
Gaenorabltsclogans 20132 8678 43810 | ssatencee et ks nore e 1000
Schizosaccharomyces pombe 5,043 3,225 2,935
Saccharomyces cerevisiae 5,880 4,851 4,370 | . Archaea
Kluyveromyces lactis 5,335 4,459 4,382
Eremothecium gossypii 4,722 3,928 3,884 | = Bacteria
Magnaporthe grisea 12,832 7,330 6,399
Neurospora crassa 0,821 6,287 6,144 | = Eukaryota
Arabidopsis thaliana 27,309 19,861 11,243 .
E B Oryza sativa 26887 17,276 10,627 | = Viuses
Plasmodium falciparum 5,266 1,862 799

" indicates organisms where new genome annotation data is used in this build.

Last updated on: Mon Feb 14 2011 g 2014
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Ensembl Home Page
http:/ / www.ensembl.org/

o)
':-.--"“'5 ES Account - Logout
est
BLAST/BLAT | BioMart | Tools | Downloads | Help & Documentation | Blog | Mirrors en-l &
Search: [ All species + | for [Go | New to Ensembl?
e.g. BRCA2 or rat X:100000..200000 or coronary heart disease Did you know you can:
. Did you know...?
7 Learn how to use Ensembl
with our video tutorials and walk-throughs CpG Find CpG islands
Browse a Genome =1~ inregionin detail.
€7 Add custom tracks Turn them on
The Ensembl project proc!uces genome databafses for vgnebrates and other eukaryotic ) using our new Control Panel . using configure
species, and makes this information freely available online. this page.
Click on a link below to go to the species' home page. €2/ Upload and analyse your data
. . and save it to your Ensembl account
Favourite genomes (Change favourites)
'H 7?1 Search for a DNA or protein sequence
’ [FT ] Sroman using BLAST or BLAT
b 2
7 Fetch only the data you want
Mouse from our public database, using the Perl API

NCBIM37
e Download our databases via FTP

in FASTA, MySQL and other formats
Zebrafish
% 2 €2 Mine Ensembl with BioMart

and export sequences or tables in text, html, or Excel format

All genomes Still got questions? Try our FAQs or glossary

| -- Select a species —- |

View full list of all Ensembl species What's New in Release 64 (September 2011)
Other species are available in Ensembl Prefl and EnsemblGenomes

® Human assembly updated to GRCh37.5
® New regulatory data (Human, Mouse)

@ Auto-resizing images (all species)

Ensembl is a joint project between EMBL - EBI and

sanger the Wellcome Trust Sanger Institute to develop a EMBL-EBI
i software system which produces and maintains

Full details of this release

. ) : og —
automatic annotation on selected eukaryotic genomes. Mare release news on our bl
Ensembl receives major funding from the Wellcome Trust. Our acknowledgements page Latest blog posts

includes a list of additional current and previous funding bodies.
® Human Methylation data in Ensembl

® Ensembl Genomes Release 11
@ Workshop on automatic gene annotation

Go to Ensembl blog —

Ensembl release 64 - Sep 2011 © WTSI/EBI About Ensembl | Contact Us | Help
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EBI Genomes Home Page

http:/ / www.ensembl.org/

e Ensembl

Dec 2006

Your Ensembil

= Login or Register
© About User Accounts

Help &
Documentation

Table of Contents
Helpdesk

What's New

About Ensembl
Downloading data
Displaying your own
data

= Ensembl software
Select a species

= Mammals
= Other chordates
= Other eukaryotes

Ensembl Archive
! View previous release

of page in Archive!

e/ Stable Archive! link for
this page

Plsangerfl -

Search Ensembl

Search: | All species

%) for

e.g. mouse chromosome 2 or X:10000..20000 or human gene BRCA2

Ensembl tools

“E‘;I' Start a sequence search —

ff Search Ensembl for nucleotide and
peptide sequences with BLAST and
SSAHA.

52, Mine Ensembl with BioMart —

®s2* Cross-reference Ensembl datasets
with BioMart, a powerful data-mining
tool.

+>| Customise Your Ensembl —

2 | Register with Ensembl to bookmark

your favourite pages, customise your
home page and much more!

#/+ | Fetch data with the Ensembl APl —

L =i Learn how to extract data from the
public Ensembl database with this
tutorial.

Ensembl headlines: Release 42
(December 2006)

] New - User accounts (all species)

Ensembl 42 Pre! species

Popular genomes

s | Homo sapiens
i, | NCBI 36 | Vega
b "

Mus musculus
" MCBIm36 | Vega

Danio rerio
i Zve | Vega

More genomes

» Aedes aeqypti AzegL1

» Anopheles gambiae Agamp3

» Bos taurus gtau 2.0

» Caenorhabditis elegans ws160

» Canis familiaris canFam 2.0 UPDATED!
» Ciona intestinalis Ja 2

» Ciona savignyi csav 2.0

» Dasypus novemcincius ARMA

» Drosophila melanogaster soGp 4.3
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Ensembl Human Genome

http:/ /www.ensembl.org/Homo_sapiens/

== Account - Logout

““ BLAST/BLAT | BioMart | Tools | Downloads | Help & Documentation | Blog | Mimors (24N

Human (GRCh37) ¥

About this species

- Description

B Genome Statistics

L — Assembly and Genebuild
E.

Search Ensembl Human

Ton 40 InterPro hi Search for: | opsin || Go |
B ng 200 Interro it e.g. BRCA2 or 6:133017695-133161157 or osteoarthritis
What's New L
Sample entry points Description
— Karyotype .

— Location (6:133017695-1331 | Human (Homo sapiens)

— Gene (BRCAZ)

— Transcript (FOXP2-203) Assembly

— Variation (rs1333049)

— Regulation (ENSR00001348 ) This site provides a data set based on the February 2009 Homo sapiens high coverage assembly GRCh37

- (GCA_000001405.8) from the Genome Reference Consortium. This assembly is used by UCSC to create their hg19 |
# Configure this page database. The data set consists of gene models built from the genewise alignments of the human proteome as well as =
from alignments of human cDNAs using the cDNA2genome model of exonerate.
= Manage your data This release of the assembly has the following properties:
IP Export data @ 27478 contigs.

@ contig length total 3.2 Gb.
@ chromosome length total 3.1 Gb.

+r Bookmark this page

It also includes nine haplotypic regions, mainly in the MHC region of chromesome 6.

As the GRC maintains and improves the assembly, patches are being introduced. Patch release five (GRCh37.p5) was included in Ensembl
release 64. Currently, assembly patches are of two types:

# Novel patch: new sequences that add alternative sequence at a loci and will remain as haplotypes in the next major assembly release
by GRC

® Fix patch: seguences that correct the reference sequence and will replace the given region of the reference assembly at the next major
assembly release by GRC

© Doug Brutlag 2014
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Ensembl Human Opsin Search

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

Account - Logout

"' BLAST/BLAT | BioMart | Tools | Downloads | More - (ALY

Search Ensembl

Results Summa
L Mew Search ¥

+" Configure this page Your search of Human with 'opsin’' returned the following results:
[
By Feature type By Species
[P Export data Total 56 Total 56
» Domain 8 » Human 56
¥+ Bookmark this page
» Family 6
» Gene 9
» Transcript 33

Ensembl release 64 - Sep 2011 @ WTSI/EBI About Ensembl | Contact Us | Help

Permanent link - View in archive site

e e S ot
L f
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Ensembl Human Opsin Genes

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

= Account - Logout

"' BLAST/BLAT | BioMart | Tools | Downloads | Help & Documentation | Blog | Mimors _

Search Ensembl Result in Detail
L New Search

#~ Configure this page
9 Genes match your que| 'opsin’) in Human
P T— your query (‘opsin’)

PE I OPN1LW [ Ensembl/Havana merge: ENSG00000102076 |

Description opsin 1 (cone pigments), long-wave-sensitive [Source:HGNC Symbol;Acc:9936] [Type: protein coding Ensembl/Havana merge]
W Bookmak this page Location X:153409698-153424507:1
Source eb4

OPN1SW [ Ensembl/Havana merge: ENSG00000128617 |

Description opsin 1 (cone pigments), short-wave-sensitive [Source:HGNC Symbol;Acc:1012] [Type: protein ceding Ensembl/Havana merge]
Location 7:128412545-128415844 -1
Source etd

OPNS5 | Ensembl/Havana merge: ENSG00000124818 |

Description opsin 5 [Source:HGNC Symbol;Acc:19992] [Type: protein coding Ensembl/Havana merge]
Location 6:47749718-47800516:1
Source etd

OPN1MW [ Ensembl/Havana merge: ENSG00000147380 |

Description opsin 1 (cone pigments), medium-wave-sensitive [Source:HGNC Symbol;Acc:4208] [Type: protein coding Ensembl/Havana merge]
Location X:153448107-153461633:1
Source ebd
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Account -

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

Human (GRCh37) ¥  Location: X:153,448,107-153,461,633 [Rci-ul-ge il

Gene-based displays Gene: OPN1MW (ENSGO00000147380)
— Gene summary

- gﬁgg:ii;ag?dfn}ce Description opsin 1 (cone pigments), medium-wave-sensitive [Source:HGNC Symbol;Acc:4206]
- Sequence Location Chromosome X: 153.448,107-153.461.633 forward strand.
- Extemal references Transcripts |  There are 3 transcripts in this gene

— Regulation
Bl Comparative Genomics

- Genomic alignments Showlhide columns

B Gene Tree (image)

Gene Tree (text) Name Transcript ID Length (bp) Protein ID Length (aa) Biotype CCDS
i OrtGhZ:fgI;ze(éanmem} OPN1MW-001 | ENST00000369935 1257 ENSP00000358951 364 Protein coding | CCDS14743
- Paralogues (9) OPN1MW-002 | ENST00000430054 530 ENSP00000394838 164 Protein coding -
;hlz:}o;tein ;amilies (1) OPN1MW-003 | ENSTO00000468495 692 Mo protein product - Processed transcript -
= Genetig F\}fariation © Transcript and Gene level displays ]

I Wariation Table

L Variation Image In Ensembl we provide displays at two levels:

— Structural Variation @ Transcript views which provide information specific to an individual transeript such as the cDNA and CDS sequences and protein domain
Bl External Data annotation.
L Personal annotation ) . . . - - -
E- ID History ® Gene views which provide displays for data associated at the gene level such as orthologues, paralogues, regulatory regions and splice variants.

I_ n
Gene hiatory This view is a gene level view. To access the transcript level displays select a Transcript ID in the table above and then navigate to the information you

\g:;; using the menu at the left hand side of the page. To return to viewing gene level information click on the Gene tab in the menu bar at the top of the
= Manage your data

Gene summary he.l'p_

[P Export data

Name OPMN1MW (HGNC Symbol)

Synonyms CBBM, CBD, COD5, GCP, OPN1MWH1 [To view all Ensembl genes linked 1o the name click here.]
CCDS This gene is a member of the Human CCDS set: CCDS14743

Gene type Known protein coding

Prediction Method Annotation for this gene includes both automatic annotation from Ensembl and Havana manual curation, see article.
Alternative genes This gene corresponds to the following database identifiers:
Havana gene: OTTHUMGO00000022652 (version B) [view all locations]

! 33.53 Kh Forward strand pme—
153.44 Mb 153.44 Mb 153.45 Mb 153.46 Mb 153.45 Mb 153.47 Mb 153.47 M
— ———&— — &%+ 4+ ——8%— —1

OPN1IMW-001 =

protein coding

—— )4
OPN1IMW-003 =

processed transcript

OPN1IMW-002 =
protein coding
ACDS2402.2 =

toding prote 1g
153.44 Mb 153.44 Mb 153.45 Mb 153.46 Mb 153.46 Mb 153.47 Mb 153.47 M
—mm Reverse strand 3353 Kb |

Export Image
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A Ensembl Opsin OPN1IMW Gene Location

http:/ /uswest.ensembl.org /Homo_sapiens/Location/View?h=Havana%?20gene;r=

Chromosome X: 153,448,1058-153,461,632

Aszsembly excepti...
chromosomes X || ]
Assembly excepti... Y_ :r
HG480 HG481 PATCH
Export Image
Region in detail help
1.0 bk Forward strand me—
3 152.00Mb  15210Mb  153.20Mb 15220 Mb 152.40pMb  15350Mb  153.60Mb  152.70Mb  153.80 Mb 152,90 M
Chromosome bands o2
Contigs.
1 | 1 | N B 1 [ ] | | . J{ N | | I DN N I E Emie I . 1] 1 11 EHll |
EnsamblMHavana ... -_ [ | ] l_- 1 [ [ ] - . [} | 1
bl CEAS = MSRPK3 & | Me L1CAM M= REMBP M= IRAKL FOPMNILW = b= TEX2E H< FLNA MTRZ b LAGES feTAGLA = M= GAB
he BCAP3L M= IDHEG  MUS2112.12 & MECPZ b= TEMZEPE  MTETLL MEMD = MGOI1 = M= FaM3A he CTRG1E
MABCDL = M= PDZD4 | | MAVPRZ = "TMEM1&7T PN L MW MRPL10 = “PLXMAS = MKBKG b= |cTRGE
MPLKMES = b= ARHGAPS = TEX2BP1 b DNASELLL b= GEPD “AF277315.19 =
hegRa He Nanln MOPNIMW 2 hATPEAPL MATF4PZ = MAF277315,
b U52111.14|MU52111.12 = M= HOFCL HRAM S 04 ho ATF4P1
FHCFC1-A51 = he )0(-PWB3128A1.2 M= LELLA b= IKBKGF1
He SL010A3 b= DR3ELA
b BX936347.1
NcRNA 1 L - L .
SNORD3E < MIR71E SNORATO =
: 152.00 Mhb 153.10 Mb 153.20 Mhb 152,30 Mhb 153.40 pMb 153.50 Mhb 153.60 Mb 153.70 Mhb 153.80 Mhb 153,90 M
Ensembl Hormo sapienswersion 64.37 (GRCh37) Chromosome X 152,954,871 - 153,954,870
Gene Legend B -rocessed transcript I merged Ensembli/Havana
"""""""""""" B p=eudogene
I REMNA gene
Export Image
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Ensembl OPNIMW Transcripts

http:/ /uswest.ensembl.org /Homo_sapiens/Location/View?h=Havana%?20gene;r=

12.52 kb Forward strand me=—
153,450,000 153,452,000 153,454,000 153,456,000 153,458,000 153,460,000
Chromosome bands q28
mammal WniProt ...
Human RefSeq/E.. o L L = = -
CCDS set B m— . 88— 1
CCDS14743.1 >
l D5 set
m— .8 e
EnsemblMavana.... PN MW 1001
rotein coding
O N S I —0
COPN1IMW-003 =
processed transcript
B 88— i —i0

Req. Features Leq...

COPM1IMW-002 =

protein coding
ACDS2402.2 =

153,450,000 153,452,000 153,454,000 153,456,000 153,458,000 153,460,000
= Fzverse strand 1252 kb
e
B protein coding Bl processed transcript
i merged Ensembl/Havana
Bl Cene associated P Mon-gene associated
B Follll associated I Fromoter associated

Unclassified
There are currently 384 trackstumed off
Ensembl Homo sapienswversion 64.37 (GRCh37) Chromosome X 153,448,109 - 153,461,632

Export Image
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Ensembl OPNIMW Opsin Protein

http:/ /uswest.ensembl.org/Homo_sapiens/Transcript/ProteinSummary?db=core;g=ENSG0000

Transcript: OPN1MW-001 (ENSTO00000369935)

Description opsin 1 (cone pigments), medium-wave-sensitive [Source:HGNC Symbol;Acc:4208]
Location Chromosome X: 153,448, 107-153.461,633 forward strand.
Gene £ This transcript is a product of gene ENSG00000147380 - There are 3 transcripts in this gene

Show/hide columns

| | Statistics

Name Transcript ID Length (bp) Protein ID Length (aa) Biotype CCDs
OPN1MW-001 | ENST00000369935 1257 ENSP00000358951 Je4 Protein coding CCDS14743
OPN1MW-002 | ENST00000430054 580 ENSP000003394838 164 Protein coding -
OPN1MW-003 | ENST00000468495 B892 No protein product - Processed transcript -
O Transcript and Gene level displays ]

Views in Ensembl are separated into gene based views and transcript based views according to which level the information is more appropriately
associated with. This view is a transcript level view. To flip between the two sets of views you can click on the Gene and Transcript tabs in the menu bar
at the top of the page.

Protein summary help

Protein
Transmembrane.... — — — — — — —
S5FE1321
3
TTM_GPCR_Rhadpsn
Opsin_redigrn
-Opsm -
Pfam_ domain PFOODOL.14 PF10324.2
. |
PROSITE profiles GPCR_Rhedpsn_supfam
. n [ |
Sequence varant... ] ]
Scale bar 40 20 120 160 200 240 280 320 364
Varationleaend = Coding unknown Non-synonymous coding Synonymous coding

Export Image

Ave. residue weight: 111.495 g/mol
Charge: 11.5

|soelectric point: B.7067

Molecular weight: 40,584.28 g/mol
Mumber of residues: 364 aa
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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/

LCSC Genome Bioinformatics

Genomes

Genome
Browser

ENCODE
Meandertal
Blat

Table
Browser

Gene Sorter

In Silico
PCR

Genome

Graphs

Blat Tables Gene Sorter PCR VisiGene Proteome Session FAQ Help

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 yvou have feedback or questions concerning
the tools or data on this website, feel free to contact us on our public mailing list.

Newsg

To receive announcements of new genome assembly releases, new software features, updates and training seminars by email, subscribe to the
genome-announce mailing list.

News Archives b

10 October 2011 - Updated Yeast Browser Released

We are happy to announce an updated Yeast Genome Browser for the initial release of Saccharomyces cerevisiae, sacCer3. The April 2011
Saccharomyces cerevisine genome assembly (Saccharomyces cerevisiae S288c assembly from Saccharomyces Genome Database

(GCA_000146055 2)) was produced by the Saccharomyces Genome Database (SGD™ ) project.
Chromosomes available in this assembly: chrl, chrll, chrlll, cheTV ... etc ... chrXV1, and chrM. See also: SGD™ genome snapshot/overview.

Downloads of the yeast data and annotations may be obtained from the UCSC Genome Browser FIP server or Downloads page. The §.
cerevisine annotation tracks were generated by UCSC and collaborators worldwide.

We'd like to thank the Saccharomyces Genome Database (SGD™ ). The S. cerevisiae Genome Browser and annotation tracks were produced by
Hiram Clawson, Greg Roe, and Steve Heitner. See the Credits page for a detailed list of the organizations and individuals who contributed to this
release.
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UCSC UCSC Genome Browser

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

Home Genomes Blat Tables GeneSorter PCR Session FAQ 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.

clade genome assembly position or search term gene
Mammal = Human = Feb. 2009 (GRCh37/hgl9) = | opsin submit

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

track search add custom tracks track hubs configure tracks and display clear position

About the Human Feb. 2009 (GRCh37/hg19) assembly (sequences)

The February 2009 human reference sequence (GRCh37) was produced by the Genome Reference Consortium.

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.

Request: Genome Browser Response:

chr7 Displays all of chromosome 7

chrUn_gl000212 Displays all of the unplaced contig gl000212

chr3:1-1000000 Displays first million bases of chr 3, counting from p-arm telomere

chr3:1000000+2000  Displays a region of chr3 that spans 2000 bases, starting with position 1000000

Homo sapiens
(Graphic courtesy of CBSE)

RHI1B061;RHB0175  Displays region between genome landmarks, such as the STS markers RH18061 and
RH&0175. This syntax may also be used for other range queries, such as between uniquely
determined ESTs, mRNAs, refSeqs, etc.


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

OPN4 {ucOl0gmk.1l) at chrl0:88414314-88426605 - opsin 4 isoform 2
OPN4 {uc009xsx.1) at chrl0:88420233-8B423870 - opsin 4 isoform 1
OPHIMW {uc004fkd.2) at chrX:153485203-153499469 - opsin 1 {cone pigments), medium-wave-sensitive
OPHIMW {uc004fkb.2) at chr¥:1534480B5-15346235]1 - opsin 1 {(cone pigments), medium-wave-sensitive
OPNI1IW {uc004fjz.3) at chrX:153409725-153424505 - opsin 1 ({cone pigments), long-wave-sensitive
OPN1SW {uc003vnt.3) at chr7:128412545-128415844 - opsin 1 (cone pigments), short-wave-gsensitive
OPN5 {uc003ozd.2) at chr6:47754862-47794114 - opsin 5 isoform 2
OPN5 {uc003ozc.2) at chr6:47749798-47794114 - opsin 5 isoform 1
OPN4 {uc00lkdg.2) at chrl0D:88414314-8B426214 - opsin 4 isoform 1
OPN4 ({ucO0lkdp.2) at chril0:88414314-88426214 - opsin 4 isoform 2
OPN3 {uc00lhza.2) at chrl:241756453-241803701 - opsin 3
. BRGR {ucO0lkde.l) at chrl0:86004809-86018944 - retinal G-protein coupled receptor isoform 3

BRGR (uc00lkdd.l) at chrl0:86004809-86018944 - retinal G-protein coupled receptor isoform 1
BGR {(ucO0lkdec.l) at chrl0:86004809-8B6018944 - retinal G-protein coupled receptor isoform 2
V8X1 (ucDligde.l) at chr20:25052132=25062767 = wvisual system homecbox 1 isoform
V5X1l {uc002wue.2) at chr20:25052132-25062767 - wisual system homeocbox 1 isoform
V8X1 {ucl02wug.l) at chr20:25059195=-25062767 - wisual system homecbox 1 isoform
V8X1 (ucDl0gdf.1) at chr20:25052132=25062767 = wvisual system homecbox 1 isoform

’ V88Xl {(ucDll0gdd.l) at chr20:25052132-25062767 - wvisual system homecbox 1 iscoform

1

LI5S0

BT oDO

V8X1 {ucllZwuf.2) at chr20:25056100=25062767 - wisual system homeocbox isoform
CEX (uc002phg.3) at chrl19:48325099=48346584 - cone=-rod homeobox protein

REO {uc003emt.2) at chr3:129247482-129254186 - rhodopsin

BRE {ucO03hzv.2) at chr4:110749150=-11076585%9 - peropsin

ARR3 (uc004dyb.2?) at chrX:69488185=69501690 - arrestin 3, retinal (X-arrestin)
GRE7 {uc0llbnd.l) at chr3:141497043-141535890 - G-protein-coupled receptor kinase 7 precursor

RefSeq Genes

OPHIMW at chrX:153485203-153499470 - (MM _000513) medium-wave-sensitive opsin 1
OPNIMW at chrX:153448085-153462352 - (NM 000513) medium-wave-sensitive opsin 1
OPN5 at chr6:47749775-47794116 - (NM 181744} opsin-5

OPN1SW at chr7:128412543-128415844 - (NM 001708) short-wave-sensitiwve opsin 1
OPNILW at chrX:153409725-153424507 - (NM 020061) long-wave-sensitive opsin 1
OPNIMWZ at chrX:153485203-153498755 - (NM 001048181) medium-wave-sensitive opsin 1
OPNIMWZ at chrX:153448085-153461637 - (NM 001048181) medium-wave-sensitive opsin 1
OPN3 at chrl:241756452-241803701 - (WM 014322} opsin-3

Non-Human RefSeq Genes

OPN5 at chr6:47749803-47779473 - (NM 001206080) opsin-5
OPN1SW at chr7:128413703-128415835 - (MM 001076704) blue-sensitive opsin
LOC751972 at chri:129247577=129252528 = [(NM 001076&6696Y RHZ2 op=in
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LIC SO UCSC Genome Browser

http:/ / genome.ucsc.edu/ cgi-bin /hgTracks?position=chrX:153485203-153499469&hgsid=216983641&known

UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly
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| collapse all |

Use drop-down controls below and press refresh to alter tracks displayed.
Tracks with lots of items will automatically be displayed in more compact modes.

| expand all |
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UCSC Proteome Browser PDF/PS [

Protein P04001 (aka OPSG_HUMAN) RecName: Full=Green-sensitive opsin; AltName: Full=Green cone photoreceptor pigment;

Organism: Homo sapiens (human)
Move | <<< || << || < || > |
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Explanation of Protein Property Histograms

UCSC Links:

o BLAT - Homo sapiens (human)

InterPro Domains: Graphical view of domain structure

* e 0

Pfam Domains:

IPRO00276 - 7TTM_GPCR_Rhodpsn
IPR017452 - GPCR_Rhodpsn_supfam
IPRO01760 - Opsin

IPRO00378 - Opsin_red/gm

« PF00001 - 7 transmembrane receptor (rthodopsin family) 14
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Protein Data Bank (PDB) 3-D Structure

1KPW - Model

ModBase Predicied Comparative 3D Structure on P04001

Front Side

The pictures above may be empty if there is no ModBase structure for the protein. The ModBase structure frequently covers just a
fragment of the protein. You may be asked to log onto ModBase the first time you click on the pictures. It is simplest after logging in
to just click on the picture again to get to the specific info on that model.

Total amino acids: 364
FASTA record:

>P04001 | OPSG_HUMAN |RecName: Full=Green-sensitive opsin; AltName: Full=Green cone photoreceptor pigment;
MAOWSLORLAGRHPODSYEDETOSSIFTYTNSNSTRGPFEGPNYHEIAPR

WYYBELTSVHHMIFVVIASVETHNCGLVLARATMEFERLREPLNWILVNLAVADL

AETVIASTISVVNOQVYCGYFVLGHEPMCVLEGY TVELCGITCGLWSLATIISWE

RWMVVCEPFCNVRFDAKLAIVGIAFSWIWAAVWTAPPIFGWSRYWPHGLE

TSCGPDVEESGESSYPGVOSYMIVLMVTCCITPLSIIVLCYLOVWLATIRAVA

EQQKESESTOEAEEEVTRMVVVHMVLAFCFCWGPYAFFACFARANPGYPFH

PLMAALPAFFAKSATIYNPVIYVFMNROQFRNCILOQLFGEEVDDGSELSSA

SKTEVSSVSSVSPA 14
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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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454 sciences

Emulsion Based Clonal Amplification

2
Single test tube generation of millions of clonally amplif ed sequencing templates
No cloning and colony picking
|
| A
—_— + PCR Reagents
. + Emulsion Oil
¢ [ B '
Adapter carrying Anneal DNA template “Water-in-oil”
library DNA to capture beads emulsion
B

Break micro-reactors Perform emulsion
Isolate DNA containing PCR
beads
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454 sciences Depositing DN A Beads into the

PicoTiter™Pl]ate
| |

| e — 5
em = C——— < ¥ <

P [ . <

= < -

Load EnzymeBeads =

y 1.6 million wells monitored optically through f ber
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454 sciences

Seguencing-By-Synthesis

&
= Simultaneous sequencing of the entire genomein
hundreds of thousands of picoliter-size wells
- = Pyrophosphate signal generation
|
- - 4% ..':. ::,: ‘.: J— -
’ |

!Iil&li
l!l!lii /

. J | i\ﬁli
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454 sciences
Flowgrams and BaseCalling
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