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. What is genomics?

. What is bioinformatics?

. Applications of genomics/bioinformatics
. Future implications
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Proteins are Body's Worker Molecules

Hemoglobin carries oxygen to every part of the body.

lon channel proteins control brain signaling by allowing
small molecules into and out of nerve cells.

Enzymes in saliva, the stomach and the small intestine are
proteins that help you digest food.

Muscle proteins called actin and myosin enable all
muscular movement.

Antibodies are proteins that help defend your body against
foreign invaders such as bacteria and viruses.




DNA

Basic Unit (alphabet): Nucleotide (base)
Only4:A, T,G,and C
Double-stranded

.AGCTGCATGCTAGCTGACGTCA....

. TCGACGTACGATCGACTGCAGT....

“Words” (genes) to encode proteins, RNA etc.
Double helical

The double-helical structure of DNA
http://www.ncbi.nlm.nih.gov/books/bv.fcgi?rid=stryer.figgrp.146
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Protein
Alphabet: amino acids

There are 20 amino acids
Encoded by codons (triplets of nucleotides)

ATG TGCAGCCTAGCTGCCGTC

Met—Cys—Ser—Leu —Ala— Ala—Val

Water channel protein




Exact

CAT
RAT
MAT
FAT

BAT
EAT
HAT

Genome (DNA)

spelling of a word is necessary

DAT
GAT
KAT

CBT
CCT
CAQ
CAC

Some changes in amino acids lead to diseases and
some indicate normal differences among humans.

or in complexes tt

genome .

chromosomes

Genes contain
instructions
for making
proteins

perform many cellular

functions

From Genes to Proteins

http://www.ornl.gov/hgmis/publicat/primer2001/

http://genomics.energy.gov/
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1. What is a genome?

2. What is genomics?

3. What is Bioinformatics?
How to access the genome data?
How to access the analysis tools?

4. Applications of genomics/bioinformatics
Analysis of human and other genomes

5. Future implications

6. Interpretation/global analysis of data
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http://ghr.nim.nih.gov/

A Science Primer

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

#Bookshelf =

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

Talking Glossary of Genetic Terms
http://www.genome.gov/10002096




Bioinformatics

Variety of definitions
By Luscombe et al Method Inform Med 2001; 40:346-58

Bioinformatics is conceptualizing biology in terms of molecules
(in the sense of Physical chemistry)
and applying “informatics techniques”
(derived from disciplines such as applied
math, computer science and statistics)
to understand and organize the information associated
with these molecules, on a large scale.

Bioinformatics is a management information system for
molecular biology and has many practical applications.

Bioinformatics

I. Organize data in databases
researchers can access current data
submit new data

II. Develop tools and resources to analyze data

lll. Interpret data in a biologically useful manner
global analysis of data to uncover common
principles that apply across many systems
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National Center for Biotechnology Information

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

Created as a part of NLM in 1988
- To establish public databases
U.S. National DNA Sequence Database
- To perform research in computational biology
- To develop software tools for sequence analysis
- To disseminate biomedical information

NCBI Databases

Primary Databases Derived Databases

Genomes (DNA) Expression

¢ Gene
MRNA Structures Homologene
Small compounds _
_ Unigene

Protei Conserved Domains

rotein RefSeq
Organisms Publications

9 Books
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NCBI Databases

Primary Derived
Archival/repository |Curated
Redundant Non-redundant
Submitter owner NCBI owner
Sequenced Combined/edited

Ex: GenBank

Ex: RefSeq

X

NCBI Databases

http://www.ncbi.nlm.nih.gov/sites/gquery
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@Bookshelf = a0

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

BASIC NEUROCHEMISTRY E;'Eégé’é‘gnd SECEL

§ MOLECULAR, CELLULAR L i
AND MEDICAL ASPECTS STEPHEN K. FISHER

MICHAEL D. UHLER

SIXTH EDITION i

sicomn

GENOMES

BIOS Scientific Publishers, Lid T.A. BROWN

Tom Strachan & Andrew P. Read

Genome Sequence Data and Analysis Tools at NCBI

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

-

Genome Resources

y Ectrer Genome

) Fumzal Genomes Cenaral rew
y Gemome Progects Datsbase
» Assembly and Annotation Information Erkacrs

* AGP Resources

y Blant Geoomes Central
. » Viral Eesomrces

Tnfivenza Viros Resouree
Juty, 2007 }im wiruses
oo arvasitabll —
Organism-Specific
(O Genome Resources
DT
) Mag Viower
@ Ganceme Project DB
» Arabadepas Qoo
» Aspeogios Qoo
» Bez @ooe
5 ) Beate 0000
21 » T Qoo
e » Chicken eooe
. » Cimpamcee Qowe
tos [chimpanzes) ; v Com woooe
pions (human) 32 Seplember 14, 2005 » Dectpostelm eooe
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Aloe vera
Rabbit
Human

Laboratory mouse
Fruit fly

Yeast

Bacterium (E. coli)

Sizes of Different Genomes

16.0 billion
3.5 billion
3.2 billion

2.6 billion
137 million
12.1 million
4.6 million

Human immunodeficiency virus 9700

Tools for Data Mining

Structure

alysis | Protein Sequence Analysis | Structures ‘ Genome Analya\sl Gene Expresa\unl

Ter!z Muclectide Sequence Analysis

P. l.z\ST e Basic Local Alignment Search Tool (BLAST) far comparing

dene and protein sequences against others in public databases,
now comes in several types including PSI-BLAST, PHI-BLAST, and BLAST 2
sequences. Specialized BLASTs are also availahle for human, microbial, malaria,
and ather genomes, as well as for vector contamination, immunoglabulins, and
tentative human consensus sequences

electrenic  Electronic PCR - allowes you to search your DNA sequence far
sequence tagged sites (STSs) that have been used as landmarks in
OOHOIONAC yarinns types of genomic maps. It compares the gquery sequence
against data in MCBI's UniSTS, a unified, non-redundant wiew of 5TSs from a wide

each Entrez Gene record encapsulates awide range
fin for a given gene and organism. When possible, the
infarmation includes results of analyses that have been done on the seguence
data. The amount and type of information presented depend on what is available
for a particular gene and organism and can include: {1 araphic summary of the
genamic contex, intronfexon structure, and flanking genes, (2) link to a graphic
view of the mRMNA sequence, which in turn shows hiological features such as CDS,
SMPs, ete., (3) links to gene ontology and phenotypic information, (4) links to
corresponding protein sequence data and conserved domains, (3) links to related
resources, such as mutation databases. Entrez Gene is a successorto LocusLink.

I\Ili\ﬂ Model Maker - allows vou to view the evidence (mRMNAs, ESTs, and gene

predictions) that was aligned to assemblad genamic sequence to build a
gene model and to editthe model by selecting or removing putative
exons. You can then wiew the mRMNA sequence and potential ORFs far
the edited model and save the mRNA sequence data for use in other programs.
Model Maker is accessible from seguence maps that were analyzed at NGBl and
dizplayed in Map Yiewer,

q ORF Finder - identifies all possible ORF=in a DMNA sequence by

locating the standard and alternative stop and start codans. The
6 98 deduced armino acid sequences can then be used to BLAST against

GenBank ORF finder is also packaged in the sequence submission
software Sequin

- Organism Specific Resources - Bee, Gat, Chicken, Cow, ete

A

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

1 SAGEmap - provides a tool for perorming statistical tests designed
/SAGEmap specifically for differential-tvpe analyses of SAGE (Serial Analysis of

Gene Expression) data. The data include SAGE libraries generated
by individual labs as well as those generated by the Cancer Genome Anatomy
Froject (CGAPY, which have been submitted to Gene Expression Omnibus (GEQ)
Gene expression profiles that compare the expression in different SAGE libraries
are also available on the Entrez GEQ Profiles pages. It is possible to enter a query
sequence in the SAGEmap resource to determine what SAGE tags are in the
sequence, then map to associated SAGEtag recards and view the expression of
those tags in different CGAP SAGE libraties

@@ Spidey - aligns one or maore MRMNA seguences to a single genomic

sequence. Spidey will try to determine the exonfintron structure,
returning one or mare models ofthe genomic structure, including the
genomicimRNA alignments for each exan.

- = Splign - is 2 ulility for computing cOMNA-to-Genomic alignments
59&49‘]}! based on avariation of the Needleman-Wunsch algarithm

combined with Blast for compartment detection and greater
perfarmance.

WecSereen - a tool for identifying seaments of a nucleic acid seguence
that may be of vectar, linker, or adapter arigin prior to sequence

‘ analysis or submission. WecScreen was developed to comhbatthe

'S problem of vector contamination in public sequence databases

o viral Genotyping Tool - aweb-hased program that identifies the nenotype
4 (or subtype) of recarmbinant or non-recombinant viral nucleotide
sequences. Itwarks by using BLAST to compare a query sequence to a
setofreference seguences for known genatypes. Predefined reference
genotypes exist for three major viral pathogens: human immunodeficiency virus 1
(HI¥-1), hepatitis C vinls (HCY) and hepatitis B virus (HBV), as well as for
poliovirus. User-defined reference seguences can be used atthe same time. The
query seguence is broken into segments for comparison to the reference so that
the mosaic organization of recombinant sequences is revealed. The results are
displayed graphically using color-coded genotypes. Therefore, the genotype(s) of
any portion ofthe query can guickly be determined

12



Genome Sequence Data and Analysis Tools at NCBI

Tools - Structures +

Tesl= - Protein Sequence Analysis and Proteomics

B] d\s’l‘ he Basic Local Alignment Search Tool (BLAST) for comparing
gene and protein sequences against others in public datahases,
now cornes in several types including PSI-BLAST, PHI-BLAST, and BLAST 2
sequences. Specialized BLASTs are also available for human, microhial, malaria,
and other genomes, as well as for vectar contamination, immunoglobuling, and
tentative human consensus sequences.

LAST Link") displays the results of BLAST searches that have
e for every protein sequence in the Entrez Proteins data

CD Search - search the Conserved Domain Database with Reverse

S Fosition Speciic BLAST

3 = CDART - wihen given a pratein query sequence, CDART displays the
L’y) functional domains that make up the protein and lists proteins with
I\ similar domain architectures.

COpen Mass Spectrometry Search Algorithm (OMSSA) - The OMSSA

search service allows proteomics researchers to submitthe mass

spectra of peptides and protains for identification. OMSSA then compares

these mass spectra to theoretical ions generated from data libraries of
known protein sequences and ranks the results using a score derived from
tlassical hypothesis testing.

TaxPlot- a tool for 3-way comparisons of genornes on the basis of the
bt protein sequences they encode. To use TaxPlat, one selects a reference
ﬁ genome to which two other genomes are campared. Pre-computed

BLAST results are then used to plot a point for each predicted protein in
the reference genome, based on the hest alignment with proteins in each ofthe
two genomes being compared

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

P Cria0 -

3 i

COfs - Clusters of Orthologous Groups:

fam m s. Clish

SKYM-FISH &

Ge GEO Gene Expression Omnibus - The Gene Expression Omnibus

(GEQ) provides several tools o assistwith the visualization and
explaration of GEO data. Datasets may be viewed as hierarchical cluster heat
maps, providing ingight into the relationships hetween samples and co-regulated
genes. Individual gene expression profiles showing significant differences
between experimental subsets may be located using average subset rank value
camparisons. Related gene expression profiles may be identified on the basis of
sequence similarity, profile similarity, or homology. Indicators of dataset
normalization quality are provided as distribution graphs, and by flagging outliers.
Links to other NCBI seguence, mapping and publication database resources are
provided where possihle.

¥ SAGEmap -provides a toal for performing statistical tests designed
(SAGEmap specifically for differential-type analyses of SAGE (Serial Analysis of

Gene Expression) data. The data include SAGE libraries generated
by individual labs as well a5 those generated by the Cancer Genome Anatarmy
Project (CGAP), which have been subrmitted to Gene Expression Omnibus (GEQ)
Gene expression profiles that compare the expression in different SAGE libraries
are also available on the Entrez GEQ Proflles pages. It is possible to enter a query
sequence in the SAGEmap resource to determine what SAGE tags are in the
sequence, then map to associated SAGEtag records and view the expression of
those tags in different CGAP SAGE libraries.

e@@@ The Cancer Genome Anatomy Project (CGAP) - aims to decipher

the molecular anatomy of cancer cells. CGAP develops profiles of
cancer cells by comparing gene expression in narmal, precancerous, and
malignant cel yide variely of tissues

UniGene DDD ) Digital Differential Display - an online tool to compare
omputed £ expression profiles between selected cDMNA libraries
Using = =tatistical test, genes whose expression levels differ
significantly frorn one tissue to the next are identified and shown to the
user. Additional infarmation about UniGene is above, including a list of organisms
represented

http://www.ncbi.nim.nih.gov/Tools/

Tools for Programmers

@).critities Entrez Programming Utilities - E-Utilities are a set of programs that
provide & stable interface into the Entrez retrieval system. The eUtils
use a fised URL syntax that translates a standard set of input parameters into
values necessary for various MCBI sofware components to search for and retrieve
data from 23 Entrez databases

m Infarmation Engingeering Branch - [EB is responsible for developing
MNCBI's resources and databases. Access is provided to

documentation, access to NCAI sofware tanls and libraries, and
announcements.

13



Outline

1. What is a genome?

2. What is genomics?

3. What is Bioinformatics?
How to access the genome data?
How to access the analysis tools?

4. Applications of genomics/bioinformatics
Analysis of human and other genomes

5. Future implications

6. Interpreation/global analysis of data
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Applications of Genomics and Proteomics

1
2
3
4
5.
6
7
8
9

. Understand basic biology

. Diagnosis and treatment of diseases

. Rationale for drug design

. Protect plant life

Understand bacterial resistance

. Solve environmental problems

. Develop new energy sources

. Improve industrial processes

. Study evolutionary changes among organisms

14



Human Genome Sequenced

Celera

The Human
Genome Project

The Human Genome

23 pairs of chromosomes
3.2 billion base pairs

Estimated number of genes about 30,000
Only 2% of the human genome “codes”
Average gene size 4000 base pairs

Largest gene dystrophin 2.4 million base pairs
More than 50% in repeat elements or

so called “junk DNA”

15



Analysis of the Human Genome

The DNA sequence of any two people is
99.9 percent identical.

Sites in the DNA sequence where individuals
differ at a single DNA base are called
single nucleotide polymorphisms (SNPs).

The SNPs may greatly affect an individual's
disease risk.

<

Sickle Cell Anemia

- Sickled red blood cells

- Mutation in the HBB gene that codes for hemoglobin

- one nucleotide change in the 7t codon GAG to GTG

- changing glutamic acid to valine

- interaction between valine and the complementary
regions on adjacent molecules results in the formation
of polymers that aggregate and distort the shape of
the red blood cells

3-D structure of hemoglobin

3-D structure of mutant hemoglobin

16



Understand Bacterial Resistance

Fluoroquinolone antibiotics kill Tuberculosis

bacteria by binding to DNA-DNA gyrase complex
Tuberculosis bacterium encodes a novel protein

mfpA resembling DNA
mfpA competes with DNA for binding to Fluoroquinolone

DNA mfpA protein

Science (2005) 308, 1393

Methanocaldococcus jannaschii

Methane-producing thermophilic archeon

Produces methane, an important energy source

encodes enzymes that withstand high temperatures and pressures
possibly useful for industrial processes

Photo: © UC Berkeley Electron Microscope Lab (GNN)
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Thalassiosira pseudonana

Ocean diatom, a major participant in
biological pumping of carbon to ocean depths

has potential for mitigating global climate change

Photo: courtesy of DOE-Genomes to Life

Deinococcus radiodurans

Survives extremely high levels of radiation

has high potential for radioactive waste cleanup

Photo: DOE Joint Genome Institute

18



1. HapMap: Genetic variation mapping project
Discovery of genes related to diseases
Gene Testing
Gene Therapy

2. Pharmacogenomics: Pharmacology and genomics
Custom effective drugs based on genetic profile
Reduce adverse reactions

3. ENCODE: Encyclopedia of functional elements

Study expression of genes

VERY PERSOMNAL
GENOMICS

Nature, Volume 449 Number 7164
18 October 2007

r..
S NCBI




Catechol-O-Methyltransfease (COMT) gene variants predict
response to buproprion therapy for tobacco dependence.

COMT genotyping could be applied to identify likely
responders to burpoprion treatment for smoking cessation.

Biol Psychiatry 2007, 61:111-118

Outline
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2. What is genomics?
3. What is Bioinformatics?

How to access the genome data?
How to access the analysis tools?

4. Applications of genomics/bioinformatics
Analysis of human and other genomes

5. Future implications
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More Information

Volume 291, Issue 5507, Pages 1145-1434

Volume 409, Issue 6822, Pages 745-964

Nature Supplement on “Human Genome”
http://www.nature.com/nature/supplements/collections/humangenome/index.html

Human Genome Project Information
http://www.ornl.gov/sciltechresources/Human_Genome/home.shtml

NHGRI Fact sheets
http://www.genome.gov/10000202

National Center for Biotechnology Information

National Tibrary of Medicine Natwonal Institutes of Health

Structure

» What does NCBI do?

Established in 1988 as a national resource for ¥ Assembly Archive
molecular biology information, NCEBI creates

public databases, conducts research in ¥ Clusters of
computational biclogy, develops software togls Prthologous graups
for analzing genome data, and disseminates
biomedical infarmation - all for the better
understanding of molecular processes
affecting human health and disease. More

¥ Coffes Break,
Genes & Disease,
MCEI Handbook

£ » Electronic PCR
new PTotein Clusters
Entrez Protein Clusters database ¥ Entrez Home

The new Ertrez Protein Clusters databass is a collection of ¥ Entraz Tools
Referencs Sequsnce (RefSed) proteins, from the complete
genomes of prokaryotes, plasmids, and organslies, that have ¥ Gene sxnression
been grouped and annotated based on sequence similiarty and P
Protein furction. Click here tofind out more about the Protein amnibus (GEQ)
Clusters database:
» Human genome
resouces
/A 1 Bilfion Live Traces ¥ Influenza Virus
The Trace Archive of sequencing traces has Resource
reached 1 billion live traces from over 480
organisms. For more information about the Trace ¥ MWap Viewer
Archive database click here.
¥ dbMHC

21



e Entrez, The Life Sciences Search Engine

PubMed [ All Databases [ Human Genome GenBank | Map Viewer BL:

Search across databases ‘wslnn 1

- Result counts displayed in gray indicats one o mare terms not found

117902 B Pubbed: biomedical literature citations and abstracts @ [1264] NJ Books: online books @
ij (Puelbpitert] (el s, fil] et el vl @ JC oMIM: anline Mendelian Inheritance in Man @
m Site Search: NCEI web and FTF sites @ @& OMIA: online Mendslian Inheritance in Animals @

CoreNucleotide: Core subset of nucleotide sequence records (@) m dbGaP: genotype and phenotype 7]

EST: Expressed Sequence Tag records @ J& UniGene: genz-oriented dlusters of transcript sequences @

GSS: Genome Survey Sequence recards @ &2 CDD: conserved protein domain database @

Protein: sequence database 7] é 3D Domains: domains from Entrez Structure (7]

Genome: whole genome sequences @ I‘J» UniSTS: markers and mapping data 7]

'?_ Structure: three-dimensional macromolecular structures 7} DO PopSet: population study data sets 7]
R TRCITR CREamS (h GasRan @ £8 GEO Profiles: expression and malecular abundance profiles @
W §NP: single nucleatide palymarphism 7} GED DataSets: experimental sets of GEO data @
Gene: gene-centered infarmation @ Cancer Ch cytngenetic datab. @

HomoloGene: sukaryotic homalogy groups @ PubChem BioAssay: binactivity screens of chemical substances @)
PubChem Compound: unique small malecule chemical @ GENSAT: gene expression atlas of mause central nervaus @
structures o system @
PubChem Substance: deposited chemical substance records (@) Probe: sequence-specific reagents @
Genome Project: genome praject infarmation 7] Protein Clusters: a collection of related protein sequences @

T 12 irews in Basic Nenrochemistry, Molecular, Cellular, and Medical Aspecs 6th &d.
B Siegel George L, Agrancft, Demard W, Albers, R, Wayne; Fishes, Stephien K. Uhler, Micheel D, edlitors,
Fhiladelphin: Lipnincatt, Willinma & Wilkins; #1999

MBookshelf

15 stens m Spinal Cord Medicie: Prineiples snd Practies
Lan, ¥ emon W, edibon
Hew Yark Demaoa Medics] Publishing, [ne ; o203

15 irems in Physical Medicine and Behabiliranon Eoard Heview
Cuseunills, Sarn 1, sditers
Hew York: Demos Medicsl Publishing, [ne;, c2004
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Hew York: Demos Medical Publishing, [nc | ¢2002
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Items 1 - 13 of 13

71: Smell, Taste, WVision, Heanng, and Touch Are Based on Sipnal-Transduction Pathways Actvated by Signals from the Enwirenment.
Biochemistry > Responding to Environmental Changes -» Sensory Systams -» Summary

72 Sensory Systems
Biochemistry -» Responding to Environmental Changss

[73: Seven-Transmembrane-Helw Receptors Change Conformation in Response to Ligand Binding and Activate (3 Protems
Biochemistry > Transducing and Storing Energy - Signal Transduction Pathways: An [ntroduction to Information Metabolism

Fat-3oluble Vitamins Participate in Diverse Processes Such as Blood Clotting and Vision
Biochemistry - The Molscular Design of Life -> Enzymes: Basic Concepts and Kinetics -> Vitamins Are Often Precursors to Coenzymes

olor Vision Iz Mediated by Three Cone Receptors That Are Homologs of Bhodopsin
Biochemistry -» Responding to Environmental Changes -» Sensory Systems -> Photoreceptor Moleculss in the Eye Detect Visibls Light

6 Color Perception. @
Biochemistry -> Responding to Environmental Changes -» Sensory Systems

[T17: Photoreceptor Molecules in the Eve Dretect Visible Light
Biochemistry -» Responding to Environmental Changes -» Sensory Systems

7'8: Photoreceptor Molecules in the Eye Detect Visible Tisht
Biochemistry > Responding t0 Environmental Changes -» Sensory Systems - Sumary

79: Chapter Integration Problem
Biochemistry -» Responding 1o Environmental Changes -» Sensory Systems -> Problems

[ 10: Hearing Depends on the Speedy Detection of Mechanical Stmul
Biochemistry -> Responding to E 1 Changes -> Bensory Bystems

[M11: Cone-Figment Absorption Spectra @
Biochemistry -> Responding to E 1 Changes -» Bensory Systems > PL ptor Maleoules in the Eye Detect Visible Light

7 12: Biological fanctions mediated by TTh receptors
Biochemistry > Transducing and Storing Energy - Signel-Transduction Pathways: An [ntroduction to Infarmetion Metabolism -> Seven TransmembraneHelix
Receptors Change Conformation in Response to Ligand Binding an Ativate & Proteins

I 13: Fat-soluble vitaming

iochemistry - The Molscular Design of Life > Enzymes: Basic Concepts and Kinetics - Vitamins Are Often Precursors to Cosnzgmes

Obtain more information about opsin genes and proteins

Entrez Gene

ial Syimbol OPNIMWE und Name: cpsn 1 (cone pigments), medum-wave-sersive 2 [Homo sapions]

Chromaseme: ; Lacation: ¥

=] Bor fopsin [Gona/Pratein narma] AND humarfargn] Awmotation: Ch bl - .
Genelll: 728458
P Lmts cipboara | Detas || s pu Rhodopsin

Lirats: Carvent Records
Disply | Surnmary =] smow( 20 ][5 Other Aliases: MGC13E:
Chher Desiguatians: shodopsin

All:8 B [ e 5 oo 321G
= TN 0 (130730172, 130736577)
L MIM: 190380
GeneID: 6010 m
me: opsm | (cone pagm
" ¥ e
or pignent, by Official Symbol OPNILW aed Nane: opsin 1 (cont pgnents), long-waws-sanstive (color blindeass, prota) [Homo sapions)

hremosemve: 7, Location: 7
7 Chromeseane 7, WC_D0000712 (128199723
MM 120200
GenelD): 611

Orther Alinzes: CEEM, CEF, RCP
i

Annetation: ]

MM 303900

hromosome X, NC_D0O023.9 (133062934, 13307

TI05)

(k) Genell:: 5956
1 Svanbol OFNS and Name: opon 3 (encephalopan) 7 OFHS
Aliases: ECPN Official Syimbol OPNS md Name: opsin 5 [Homs sapiens]
Other Dresignations: opsin 3 Chther Alinses: GPR136, PGR12, TMEM13
Clremoseme: 1; Lacation: 1g43 Other Desiguations: G proten-coupled receptor 136, OTTHUMPO00MI016565, OTTHUMPO0000039910, newropsin, tranir
Anotation: Chromoseme 1, HO_000001,% (239823075 Chaomoseme: §; Location: 6p12 3
60EE9S Aunetation: Chromesems §, 1C_000006.10 (47857757, 47902076)
eIl 23566 IIN: 605042
CeneID: 221391
ri _

rs
al Svanbol OFNA and Namme: optn 4 (melanepan) [ &
Other Aliaves: MGC142118, MOP

Other Designations: melanopsn. opsin4

Cluomosome: 10, Location: 1022

Annotation: Chromeseme 10, HC_000010.9 (88404354

ML 606665

GepelD): 94233

o

Official Syimbol CFN 1MW and Nate: apsin 1 (cone pgmsats), medim-wave-seasitive (calor bldness, deutan) [Homa capie
Other Alinzes: CEEM, CED, GCF, OFN MW

Crther Desiguations: g hetopignses apoprotes

101361,.133114725
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Information about Rhodopsin Gene RHO
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Human Vision
Absorption of light by photoreceptor cells in eye

Rods

Noncolor vision in dim light

Cones
color vision in bright light

pigment opsin (chromophore retinal)

rhodopsin
Absorbs at 500 nm

gene RHO

Chromosome 3

Protein length 348

blue

426nm

OPN1SW

4
348

Rest 40% identity

green red

530nm 560nm

OPN1MW OPN1LW

X X
362 362
-

95% identity
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Bed MAQOWEL QR LAGPHPQDETED STQSS IFTYTHEN ST PGP FE GPNYHIAP FVTHLT SV 20
Green MAQQWEL QR LAGPHPQDETED STQ 2SS IFTYTHENET PGP FEGPNYHIAP IIVYHLT SV &0

Red IFUVWVTASVF TNGLY LA ATMEF FFL FHPLNUT LVN LAVAD LAETVTASTI STVHNQWEGYFY 120
Green IFVVIASYF THGLY LAATMEF FFL FHPLNWI LVH LAVAD LAETV TASTI SVVNOWTGYFY 120
Red LEHPMCVLEGITVSLCGIT GLWSLAT ISWERWLVVCERF ATVFFDAFLA TV GIAFS 5| l=0
Green LGHPMCYLEGYTVELC GIT CLWSLAT ISWERTMVVCEPF RIVEFDARLATVGILFE Al 120
Red AVWTAPP IF GITE BYTTPHGLET SCEPDUFS GESYP CUWOSTMIVIMUT CCITP LAT TMLCYL 240
Green AVWTAPP IF GITE BYTTPHGLET SCCPDUFS GE YD CWOSTMIVIMUT CCITPLET IVLCYL 240
Red OVWLATRAVARD QK ES EST QFAER EV T RITVV VLT FAN O CII G FACFRAMNPGYAFH 200
Green QVWLATRAVAFO QK ES EST QHAEK EV TRIMVVVIY LY FOF CUI G FACFARRNPGYPFH 200
Red PLMAALPAYFARSATIVNPVIYVFINRQF FNCILOLFGFEVIDCEELEE ASKTEVEEVEE 380
Green PLHAALPAF FARSATIYNPVIVUFINROF FNCIL QL FFFVIDGSELESASFTEVEEVES 360
Red VEPA 364

Green VEPA 364

- Only 15 amino acids different
- 3 residues determine the wavelength of absorption
At 180 (serine/alanine), 277 (tyrosine/phenyl alanine
285 (threonine/alanine)

- Hydroxyl containing amino acids in the red pigment

interact with the photo excited state of retinal and lower its energy,

leading to a shift toward the lower-energy (red) region of the spectrum
- Mutations in these amino acids lead to color “blindness”

Red and Green Genes Susceptible to Unequal Homologous Recombination

High level of identity between them
Positioned on chromosome X adjacent to each other

Ideogran

Kp2l
LOC553383

i i
" =
®ql3
w921
Ha2l
q
e
wq26
®q27
- @

- Leading to different number of individual genes or hybrid genes
and thus color “blindness”

- Trouble distinguishing red and green color

- Approximately 5% of males have only the red gene

HP22.3

RpEZLR
sp22.l




Distance Tree Generated from the BLAST Results of Rhodopsin Protein
against Human RefSeq Proteins

@opsin 4isoform 1 [Homo sspiens)

Humans have
three cone pigments
red, green and blue.

@ opsin +istom 2 (Homo sapiens]

@ opsin 3 Homo sapiens]

9 0psin 1 (<one pigments), mediun v,

@ opsin 1 (eone piaments), lona

@ apsin 1 (cone pigments), short-.

°

@ thadopsin [Homo sapiens] 3gil1 145591 171 XP_516740.2] PRED.

@

@ thedopsin (Home sagiend] 23il1 145801 17IrAXP_516740.21 PRED.

Common Lineage Tree Generated from the Taxonomy Browser

http://www.ncbi.nlm.nih.gov/Taxonomy/CommonTree/wwwcmt.cgi

e Taxonomy
B Browser
PubMed

Enter name ar id

Browse

Choose subset
Delete taxa | Save as |||ext|ree

[

Expand All | Collapse All | Mark selected taxa | Erowse tree
Euteleostomi
Bl Amniota
Aves (birds)
! BGallus gallus (chicken )
Euthetia

Cams lipus famihiaris (dog )
- Euarchontoglires

Tfurinae

Rattus norvegicus (rat )
Ius musculus (mouse )

Homeo/Pan/Gorilla group

Homo sapiens (human )

Pan troglodvytes (chimpanzee )
D anio rerio (zebrafish )
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Distance tree Generated from the BLAST Results of Mouse Rhodopsin Protein

against Mouse RefSeq Proteins

& chuleuge lubiin BreLp L Dius wnswus;
@ opsin 4 s mscilig
refinal siguart spifbaliom darinedvh.

orsin(encephalopsing (s nuscuhs]

@ ansn 1 trane pismentss, shv e

a
“ropsin | 1oome plament, ned

@rhadopsh (s muscus] 4

& thadopsh (Wi museniuz)

Mice have only
two cone
pigments,
blue and green.

Mice are not sensitive to light as far toward the infrared region and they

do not discriminate colors well.

Distance Tree Generated from the BLAST Results of Chic
Protein against Chicken RefSeq Proteins

@ chulecystokinin & receptor e
B putafive photopigment nelanopsin (Salivs galus
@onsin 4 (melanonsin) [als 3als)
 PREDICTED: siniar o panosin fallus galls)
9 PREDICTEC: sinilr o muipl fssue o0sin [oalles sallu
T & PREDICTED: similar o 1 opsin (Galius gallus)

@ apsin1 e lons v (color o) el ol

2 opsin 1 (cone pisment), lans-wave sensifive ccolor bl
“
T @hblue sensifive cone opsin (allus galius)
@ rhodopsin (el galli)
3 thodopsin [alls gal 4

3

4 thodopsin [allus gallus)

Birds have highly acute color perception.

ken Rhodopsin

Birds, for example,
chickens have 4
cone pigments
red, green, blue
similar to humans
and an

additional one,
violet.
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Distance Tree Generated from the BLAST Results of Zebrafish Rhodopsin
Protein against Zebrafish RefSeq Proteins

@ omsin s Lanh nelel

¥ @ RN ECk e ol o e i i Flsh, for examp|e7
e Zebrafish have

1 1 e MUItIPlE copies

of 4 pigments.

Lone stamers | shorl wais il
——
@ uchm suelar rodopin Darks e
Y @ PRITHCTIT: M o cg s ik

@ g Do i 4
4

2 hodepan L el

Fishes have special receptor requirement because of the variation in the
amount of light in water.

Blast Distance Tree of Animal Proteins Similar to Human Rhodopsin

] 2 £ serisiue e mpsin Woaes e

e (5t
2 PREDICT I rodopsin Racc mafy
K| o Hona spend ol 15281 T
s Hom e 1801 15081 T |
s
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Blast Distance Tree of Animal Proteins Similar to Human Rhodopsin (contd)

rectangle | slamted  radial  ferce ' Showm distance Mowse sver an intermal node for a subtree or algnment

EaAvnE s [Renones oy
3 PoEDC] Exr sandar T 94 npsin e sl
rertbia s thong e

2 5 B0 - bugeo el . i ]

Tax BLAST Report of the Previous BLAST Search

Lineage Report

Coelomata [aninals]
. Chordata [chordates]
Euteleostomi [vertebrates]
. © Tetrapoda [wertebrates]
. . Auniota [wertebrates]
- . Mammalia [mamnals]
. . Theria [nannals)
. . T Eutheria [placentals]
. Euarchontoglires [placentals]
- . . Catarrhini [prinates]
. Macaca nulsatta (rhesus macaque) = primates]
. Homo sapiens (man) ......... primates]
. Fan troglodytes .. . primates]
- ctolagus cuniculus (domestic rabbit) rabbits & hares]
. tus norvegicus (brown rat) . rodents]
. nusculus (mouse) Iodents)
catus (cat) - carnivores]

aurus (cow) .. -
. Sus scrofa (wild boar)

. Canis lupus familiariz (dogs)

. Equus caballus [equine)
Monodelphis domestica --

Orni thorhynchus anatinus (duck-billed platypus) -

. Taeniopygia gquttata (zebra £inch) ------—--—-c-m=mm

even-toed ungulates]
even-toed unqulatesz]
Carnivores]

odd-toed ungulates]
Tarsupials]
nonotremes )

birds]

. Fallus galluz ({bantam)

| Xenopus laevis (claved frog) - wanj [primates] taxid 9608

Homo sapiens |
ref NP 000530, 1

. | rhodopsin [Homwo sapiens] 652 0.0
- D Di . e e : ; s
. Daﬁﬂutﬁlgr?l Egéii dan’ refNE 001695, 1T opsin 1 (cone piguents), short-wave-sensi... S04 1le-Bl
Takifugu rubripes (torafugu) ref[NF 000504. 1T opsin 1 (cone p1gmgn\:s], medlumjwavefsans 78 Be-74
s El‘gu—Luna P Fef[NF O01041646.1| apsin 1 (cohe piquents), nedium-wave-s 278 6e-74
Ancoheles Gafiae str. FEST - Tef WP 0A4445.1] opsin 1 [Cone piguents), long-wave-sensit... 276 Ze-73
- Anopheles gambiae str. PAEJL Tef NP 055137.2[ opsin 3 [Homo sapiens] 157 le-37
Pan troglodytes [primates] taxid 9598
ref[XF 516740.2| PREDICTED: rhodopsin [Pan troglodytes] 652 0.0
Fer[WP O0I009127.1| opsin 1 (cone pigments), short-wave-se... E0d 1e-81
Tef[XP 001144896.1| PREDICTED: opsin 1 (cone pigmenta), lo... 286 Ze-76
Tef|%P 514302.2] PREDICTED: opsin 3 [Pan troglodytes] 157 le-37
Rattus norvegicus (brotm rat, ...} [rodents] taxid 10116
1T rhodopsin [Rattus norvegicus] 651 0.0
ref[NP LI1ZZ77.1] blue cone opsin-like pigment [Rattus norv, 296 2e-79
refINF 446000.17 opsin 1 (cone pigments), medium-wave-sens... 274 le-7Z
Mus musculus (mouse) [rodents] taxid 10090
re .1| rhodopsin [Mus musculus] 651 0.0
Tef WP 031564.1] opsin 1 [cone piguents), short-wave-sensi... G055 Ge-82
ref NP 032132, opsin 1 (cone piguments), medium-wave-sens 272 de-72
refINF 034228 opsin (encephalopsin) [Mus musculus] 158 1le-37
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;_)
> NCBI
Pubhed
Enter name or id

Tl P Taxonomy
OB N Browser

Ertrez BLAST

or  Add from file:
Expand All I Collapse All | Mark selected taxa | Browse tree
Euteleostomi
E-Amniota
Aves (birds )
i BGallus eallus (chicken )
Eutheria
Canis lupus familiaris (dog )
“Euarchontoglires
Turinae

attus norvegicus (rat )
#Nus musculus (mouse ) cone Ops' ns
Homo/Pan/Gonlla group

 Homo sapiens (uman) - [3 cONE OPSINS

Pan troglodytes (chimpanzes )
@ Danio revio (zebrafish ) ¥ cone opsins (multiple copies) |

Choose subset

=

Browse..

Delete taxa | Save as ||texttree

4 cone opsins |

Green and red photoreceptors are products of a recent evolutionary event.

The green and red pigments appear to have diverged in the primate
lineage approximately 35 million years ago.

Mammals, such as dogs and mice, that diverged from primates earlier have
only two cone photoreceptors, blue and green, an event believed to have
resulted form the nocturnal life.

In contrast, birds such as chickens have a total of six pigments:
rhodopsin, four cone pigments, and a pineal visual pigment called pinopsin.
Birds have highly acute color perception.

Aquatic environment offers a single system to study evolution of color vision
because of the variations in underwater light.

Review articles:
Bowmaker and Hunt Current Biology vol16, R484
Hunt et al. CMLS, Cell.Mol.Lifr Sci. 58, 1583
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Obtain More Information about Opsin Genes and Proteins

Entrez Gene

=| far |opsin [Gona/Protein nama] AMD huranfargn]

Cliptoard

F Limits | Previgw
Lirats: Carvent Records

Dieplay | Surnenary
AlLg|C .

BEERE S

i

L CENISW
Official Svmbol T
Other Aliases: BCP, BOP, CBT
Other Designations: bhe cone photoreceptor pugment, bl
Cluomosome: 7, Location: 7q31.3-q32
Anmotation: Chromeseane 7, MO _000007, 12 (122195783
MM 120200
GenelD): 611

M- epan | (cone pig]

Syinbol OPN3 and Natme: opan 3 (encephalopin
Abiases: ECFH

Other Diesignations: apsin 3

Chremoseme: 1: Location: 1g43

Anmotation: Chromosease 1, HIQ_000001 % (233823075,
MIM: 606695

wlD): 23596

Off

al Syinbol OFNA and Nane: optin 4 (melanepan) [4
Other Aliaves: MGC142118, MOP

Creher Designations: melanopsmn, opsin 4

Cluomosome: 10, Location: 1022

Annotation: Chromeseme 10, HC_000010.9 (88404354
ML 606665

Cepell) 04233

4

Official Syimbol OPNIMWE mnd Name: cpsn 1 (cone pigments), medum-wave-serssiive 2 [Homo sapions]
Claomosome: X; Lacation: Xq28

:"*”’%ﬁ”s Rhodopsin |

CHficial Symbol REC and Name: thodopsin (o rad pigment) {retinitis pigmertosa 4, antosomal daminant) [ Hawa sapiens]
Cthier Aliases: MGC138309, MGC138311, OFNZ, BF4

Crther Diesignations: shodepsin

Chasmoseme: 3 Location: 3521-q24

Annatation: Chremeteme 3, NC_000003 10 (130730172, 130736877)

MM 180380

CeneID; E010 m

Official Syimbol OFNILW and Nate: opsin 1 (cone paaments), long-wawe-sensites (color bindness, protas) [Homo sapions]
Chther Alinzes: CEEM, CEF, RCP

Crther Designations: 144 9né pigment

Clawimnossme: X, Location: Kq28

Annstation: Chromaseme X, HC_D00023 9 (153062934, 15307T705)

MIM: 303900

Genell): 5956

SPHS
CHficial Svimbol OFMS amd Name: opim 5 [Home sapans]
Cther Alinses: GPR138, P TMEM13

Chlver Dresignations: G probem-coupled recepter 136, CTTHUMPO0O00016555, OTTEUMFO00000352 10, ncuropsn, trans)
Chasmasemae: & Location: &p12 %

Amnetation: Chreanescans §, M0 000005 10
MIINT: 6050
GenelD: 221391

(47E5TTST. ATIOR0TE)

Official Svuabol OPTMW and Name: opsin 1 (cone pgrsans), mediam-wave-sensitive (color bledness, deutss) [Homa sapie
Other Alinzes: CEEM, CED, GCF, OFN MW

Oither Designations: gréen cont pament, photopignses apoproten

Chrsmoseme: X; Lacation: XqZ8

Annstation: Chromeseme X, HO_D00023 9 (153101361, 153114728

NIINT: 303800

Lepelly SR<s

Information about Rhodopsin Gene RHO

¥ Table 01

Garnuy

Bblug. G0 to reference sequence details
Intoract

aral

Genomic regions, transcripts, and products 1t

HC_000003. 18

HM;;L.::‘ [1av7anizz b 10736577 b
ZEI::.E.‘?.‘ HIL90053%:2 L L HE NE_ 9005301 CCDSHETL
: W - coding region M - unbranslabed resion
¥ Links
anlir

™ -
HamleFen
Map Virwar

ShP

SHP: Gernlype " - § "
. sy e in this gene are also one of the causes of congenital stationary night blindness.,
Taxanomy
1nit1s
ArEIEw
[SEE

Engsmbl
Cwiderme Viewsr
P

[l

Summary Retinitis pigmentosa is an inherited progressive disease which is a major cause of blindness in western
communities. It can he inherited as an autosomal dominant, autosomal recessive, or X-linked recessive
disorder. In the autosomal dominant form,which comprises about 25% of total cases, approximately 30%
of families have mutations in the gene encoding the rod photoreceptor-specific protein rhodopsin, This is
the transmembrane protein which, when photoexcited, initiates the visual transduction cascade. Defects

1. NM_000539.2—-NP_000530.1 rhodopsi

zker
Rupre bed Mulaborne
Haring Infamatinnal kH
base

n<in imane man

UsnGene
vinkthar

Source sequence(s) | U16824,40742
Consensus CDS | CCDS3063.1
Conserved Domains (1) summary

pfam00001  7tm_1: 7 transmembrane recaptor (rhodopsin family), This family contains,

Location:55-306  amangst other G-protein-coupled receptors (3CPRs), members of the opsin

Blast Score:338  family, which have been considered to be typical mambers of the rhodopsin
superfamily.
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during the construction of HomoleGene.

H.sapiens RHO

rhodopsin (opsin 2, rod pigment) (retinitis
pigmentosa 4, autosornal dominant)
P.troglodytes RHO

thedopsin (opsin 2, rod pigment) (retinitis
pigmentosa 4, autosornal dominant)
Clupus RHO 2

thadopsin (opsin 2, rod pigment) (retinitis
pigmentosa 4, autosornal dominant)
I.musculus Rho

thodopsin

R.norvegicus Rho
thodopsin

G.gallus RHO
thadopsin (opsin 2, rod pigment)

Drerio rho
thodopsin

Automated detection of homologs among the annotated genes of
several completely sequenced eukaryotic genomes

I 1: HomoloGene:68068. Gene conserved in Eutele ostomi Dovnload, Links
Genes Proteins
Genes identified as putative homologs of one another Proteins used in sequence compansons and thew consened

domain aichitectues,

human | NP_000830.1 —
348 aa

H | HP_A1E740.2 —_—  ——
Chlmp 348 aa

| ¥P_B55608.1 — ——

dog 360 aa

s MWP_BE3358.1 — ——
mouse 348 aa

| NP_254276.1

rat 343 aa
chicken =l WP som)  ——c——
355 aa
zebrafish s NP_571158.1 ————
354 aa

Breakdown by Tissue

adipose issor
jadrenal gand
ascites
bladdes

blood

bone

bne e
brain

mamanary gland
mauth

nane

vy
pancreas
paralinoid
phanme
pitaitary gland
placents
proslale
salwany gland
2o

247565 RHO: Rhadopsin {opein 2, fed pigmant) (feenits pigmensoss 4, aulbeemsl doming

Nodw Plagss moussevsr the Tissus snianan 1o visw compdals detals

0300
0744399
0raTog
0ERH

Cluster of transcript sequences that
appear to come from the same
gene/expressed psuedogene

Restricted Expression (contributing more
than half of the EST frequency)

Hs.247565: Expression restricted to eye
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Information about Rhodopsin Gene RHO

W P lere Summary PRAE, u e ——— T — Evpresson Tess Furchon and relzied genes 01

AceView

Homo sagiens gene RHID, encoding rhodopsin (opsin 2, rod ph s pi dominant).

Help mga% : o i -~
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iy 4

[ Foomen Apiti7 =] Lol
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Search arnoiatiors are dooumented in PubMed, same are nfared. The lsts of nelsted genes: with the same process or function GO annotston are reported in e st oolumn only .
. if they ar= supporied by a PubMed publication.
6.2 PTEN, FOF, o, [rype [pesrpnon Eviderce Sourte  Relsted genes (* # published sypport)y
diabates, mD Procsss  Gprofen coupled recspior profein Signaling patway larticke 1GOA/TAS 172 genes *
sowdle, ARFSO65 protoiransduction, visbie ght lartck [GOA/TAS 4 genes *
o] rrodopen medised sigraing Larticle [G0A,TAS 2 genes *
Search by Domain proterrchromophare Inkage GOAER
Blast Aveliew responss o stmuls GOAER
vl penception 1GOAEA 108 genes *
[Function rhﬂ:;arrl&la:mhradnm Ffam  losView one gene: GPR1 *
Geres most related rough patwars, process o fnction (wih GRKL | RFL, FDESE, 48084 | S4G | OFNIMW, RGR.1 RRH,
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Help Localization plasma membrare lartck [GOAMDA [1262 geres
EAD irtogral o plasma membrans 1artck [GON,TAS 617 genes
irtegral o membrane Pfam  lacshiew 447 genes
Bovwrloads protoreceptor outer ssgment G044 jone gene: MYOTA
Sot-ag Défizrent kocaizations may 3pply 0 Gfierent profein soforme. [ [
Bublications [Cumulsied Ferure S artcls
Contact Us e e————
Phnmﬂnnmwnﬂﬂs
[The: rhodopeir- ke GPOR superfamily domain & found in 2 soforms: 3, b,
[Interfro annotation] Goroten-coupled receptors, GPCRs, constiute a vast proten family that encompasses & wide range of fnctiors ?
{including various aunorine, paracrne and erdocrne processes). They show considersbie dnersity st the sequence level, on the basis of which 7
they can be separated into distrct groups. e Use the term clan to descrbe the GPCRS, as tey embrace & group of familes for which fere 7
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Human Vision

Opsins are 7 transmembrane helix receptors (7TM family)

Chromophore 11 cis-retinal covalently binds to lysine (296)
to form positively charged schiff base

A positive schiff base is compensated by glutamate(113)
On absorption of light isomerizes to 11 trans -retinal

Leads to cascade of events that cause
hyperpolarization of the membrane and neuronal signaling




Information about Rhodopsin Gene RHO

Search for SNP on NCBI Reference Assembl
= | for Go

SNP linked to Gene RHG(genelD:6010) Via Contig Annotation

. ' —

Search Entrez | SMP

© ingene regon 7 eSNF ¢ has Bequency © double it _refresh

gene madel Contig Label  Contig mrma protein  mrna orientation ansoipt s commt
{contig mELN. 1] reference  NT 00561215 MM 0005392 HE 000530.1 forward plus strand 6, codmg

-
mplﬂn o Muwwﬁm”w Fanstion allele residue  pos pos

exon_1 35742723 06 start eodon 1

Information about Rhodopsin Gene RHO
OMIM

Online Mendelian Inheritan+130330

Search | OMIM v

Limits Preview/ndex Histo
+ 0001 RETIMITIE PIGMENTOESA 4 [RHO, PROZIHIE]

Display | Detailed + 0002 RETINITIS PIGMENTOSA 4 [RHO, PRO34TLEL] dbSNP

+ 0003 RETINITIS PIGMENTOSA 4 [RHO, PROZMTSER] dbSNP
« 0004 RETINITIS PIGMENTOSA 4 [RHO, THR5BARG] dbSNP

*+180380 + 0005 RETINITIS PIGMENTOSA 4 [RHO, 3-8F DEL]
RHODOPSIN; RHO + DDDE RETINITIS PIGMENTOSA 4 [RHO, THR17TMET]

+ DDOT RETINITIS PISMENTOSA 4 (RMO, PHE45LEL]
+ DD0B RETINITIS FIGMENTOSA 4 [RHO, VALBTASP]
Alternative titles: symbols + 0009 RETINITIS PIGMENTOSA 4 [RHO, GLYBOASP]
+ D010 RETINITIS PISMENTOSA 4 [RHO, GLY106TRP]
. » D011 RETINITIS FISMENTOSA 4 (RHD, ARG135LEL]
OPSIN 2; OPN2 « D012 RETINITIS FIGMENTOSA 4 [RHO, ARG135TRP]
RETINITIS PIGMENTOSA 4,1 EETINITLS PUNCTATA ALBESCENS, INCLUDED
+ 0013 RETINITIS PIGMENTOSA 4 [RHO, TYR178CYS]
RETINITIS PIGMENTOSA, RF 0014 RETINITIS PIGMENTOSA 4 [RHO, ASP130GLY]

ENTOSA 4 [RHI LYSGLU] dbSNP

« 0018 RETINITIS PIGMENTOSA 4 [RHO, HISZ11PRO] dbSNP

« 0019 RETINITIE PIGMENTOSA 4 [RHO, 12-BF DEL, EX1]

+ 0020 RETINITIS PIGMENTOSA 4 [RHO, PROZTARG] dbSNP

« 0021 RETINITIS PIGMENTOSA 4 [RHO, GLY1825ER]

* 0022 RETINITIS PIGMENTOSA 4 [RHO, PROZETLEL]

« 0023 RETINITIS PIGMENTOSA 4 [RHO, GLUZ4STER]

« 0024 RETIMITIE PIGMENTOSA 4 [RHO, PROS3ARG) dbSNP

« 0026 RETIMITIS PIGMENTOSA 4 [RHO, GLY106ARE] dbSNP

+ D026 RETINITIE PIGMENTOSA, AUTOSOMAL RECESSIVE [RHO, IVE4, G-T,+1]

+ DOZT RETINITIS PIGMENTOSA 4 [RHO, ASP130TYR] dbSNP

+ 002E RETIMITIS PIGMENTOSA 4 [RHO, ARG2OTMET] dbSNP

* 0028 RETINITIS PIGMENTOSA 4 [RHG, ASN16SER]

+ D030 RETIMITIS PIGMENTOSA 4 [RHO, MET20TARG] dbSNP

» 0031 KIGHT BLINDNESS, CONGENITAL STATIONARY, AUTOSOMAL DOMINANT 1 [RHO, ALA292GLU]

+ D032 NIGHT BLINDNESS, CONGENITAL STATIONARY, AUTOSOMAL DOMINANT 1 [RHO, GLYS0OASP]
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Blink: Precalculated top 200 protein BLAST hits

Query: giHS06527 rhodopsin [Hamo sapiens]
Masching gl: 11R73264, 120207, 114589117, 2ATORRNL, 117444328, 10059598, 1DRTS20A4, 2028611, BESAT017, REZAT192, 1 236137, 119509450
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Related Structures

PubMed Blast Entrez Structure

Query: rhodopsin [Homao sapiens]
[gi: 4506527]
Structure: 1JFP Chain A, Structure/Of Bovine Rhodopsin (Dark Adapted)

Reference: [MIVIDE] [Pubiecds
Get 3D Structure data | [0 | View in Cn3D =

o display structure. download Cri3D)

E-value = 0.0, Bit score = 678, Aligned length = 348, Sequence Identity = 93%
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gi 4506527 1 MNGTEGENFYWEF3NATGWVRSPFEYPQTYLAEPUQFSHLAAYHFLL IVLGFFINFLTLYWTWORKELRTPLNYILLNLL &0
1JFP & 1 MNGTEGPNF¥WPFSNKTGVVRSPFEAPQYYLAEPUQFSMLAAYHFLL INLGFP INFLTL YW TVQERKLRTPLNY ILLHLL &0
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1JFP & 81 VADLFMVFGGFTTTLYTSLHGTFVFGPTGCHLEGFFATLGGE IALVSLYVL ATERYVWVCKPNSNF RFGENHAINGVAFT 160
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1. What is a genome?

2. What is genomics?

3. What is Bioinformatics?
How to access the genome data?
How to access the analysis tools?

4. Applications of genomics/bioinformatics
Analysis of human and other genomes

5. Future implications

6. Interpretation/global analysis of data

Photoreceptors
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Bioinformatics

|. Organize data in databases
researchers can access current data
submit new data
II. Develop tools and resources to analyze data
lIl. Interpret data in a biologically useful manner
global analysis of data to uncover common
principles that apply across many systems

p' Vision for Bioinformatics
Databases Tools
Entrez global search Interpretation BLAST
Genomes Blastp

Books
Gene
Nucleotide
RefSeq
Protein
Taxonomy
Homologene
UniGene
AceView

Photoreceptors
cones and rods

Sequence similarity
Phylogeny
Homology
Expression
Structure
Function

dbSNP
OMIM
Structure

Blast2 sequences
Distance Tree
Tax Blast
MapViewer
UniGene DDD
Cn3D
Taxonomy Common Tree
Blink
Related Structures
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Questions about NCBI Resources?

E-mall
info@ncbi.nlm.nih.gov
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