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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  amino acids
Encoded by codons (

ATG TGCAGC GCT




Genome (DNA)

Exact spelling of a word is necessary

CAT
RAT
MAT
FAT
BAT
EAT
HAT

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

genome \’ %
.

Genomics

Genes contain
instructions
for making
proteins

Proteins act alone

or in complexes o™=
perform many cellular
functions

From Genes to Proteins

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

http://genomics.energy.gov/



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. Interpretation/global analysis of data
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Additional Information

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

gBookshelf

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

|. 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




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)

MRNA Structures Homologene

Small compounds

Expression
P Gene

_ Unigene
Conserved Domains

Protein RefSeq
Publications

Organisms Books




NCBI Databases

Archival/repository
Redundant
Submitter owner

Sequenced Combined/edited

Ex: GenBank Ex: RefSeq

NCBI Databases
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<= NCBI
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ookshelf

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

BASIC NEUROCHEMISTRY E;'Eégé’é‘gnd  Skoe

MOLECULAR, CELLULAR R WAV RE AL}SEG@NOFF

AND MEDICAL ASPECTS STEPHEN k. FISHER
SIXTH EDITION MICHAEL D. LHLER

seconn

GENOMES

ientific Publishers, Lid T.A. BROWN

EoiTion

Tom Strachan & Andrew P. Read
X

Genome Sequence Data and Analysis Tools at NCBI

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

* Ganomic Blology

NCEI provides several genormic biology 1ooks and resources, inch 2 epecific
PAES that Include Links to mamy wab Stes anid databases relevant io that species. We » Fural Genomes Centra] s
inmvibe you Lo eaplore the links provided on tis page » Cezome Projects Database

[ and

AGP Resources

Crganeles
» Flant Gerom
» Viral Resources
Virus Resource

* Announcements

Juty, 2007
New Genome Resource Page: A genome resource guide s now avalable lor

Onithorhynchys anafings [platpus)

Map Viewer - geneme annotation updates:
Bulld  Map Viewsr Ralaass
11 August 8, 207
Caonorhabtis shgtans (nematads] WEITD  auly 18, 2007 Oc Project 08
Eipas cabailus [domostic horss) 11 July 17, 2007
Orpatentyme s anatings (playss) 11 duly 1, 2000 » Arabidapsis
Mmu::. Som » el
Fabnary 27, 207 Bee
January 12, 2007 Eeetle
January 3, 2007 .
Noverviber 30, 2006 G
Noverrber 21, 2006 Chicken
Hirebsar 2, 2006
Ccteber 18, 2006

Ban iogloddes [chimganzee) Dectober 5, 2006
Forma sapsens (human) September 14, 2006

Chimpansee
Cow
Dhctyestebum




Sizes of Different Genomes

Aloe vera
Rabbit
Human

Laboratory mouse

Fruit fly
Yeast
Bacterium (E. coli)

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

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

Tes!z Muclectide Sequence Analysis

B LAST 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

electronic  Electronic PCR - allowes you to search yaur DNA sequence far
sequence tagged sites (STSs) that have been used as landmarks in
OOHONOMAS yarinus 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 a wide 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 mRMA sequence, which in turn shows hiological features such as CDS,
SMPs, etc., (3) links to gene ontology and phenotypic information, (4) links to
corresponding protein sequence data and conserved domains, (5) 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 mRENA sequence data for use in other programs.
Model Maker is accessible from seguence maps thatwere 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

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/

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 more 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.

r. Splign - is a ulility for computing cOMA-to-Genomic alignments
Sﬁ_f@ﬂ! based on avariation of the Meedleman-¥unsch algarithm

combined with Blast for compartment detection and greater
perfarmance.

o WecScreen - a tool for identifying seaments of a nucleic acid sequence
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

Viral Genotyping Tool - a web-based program that identifies the genotype
(or subtype) of recombinant ar non-recombinant viral nucleotide
sequences. Itwarks by using BLAST to compare a query sequence to a

" setofreference sequences for known genotypes. Predefined reference
genotypes exist for three major viral pathogens: human immunodeficiency virus 1
(HI¥-1), hepatitis C vinds (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

Tnnl= - Protein Sequence Analysis and Proteomics

BLAST he Basic Local Alignment Search Tool (BLAST) for comparing
gene and protein sequences against others in public databases,
now commes in several types including PSFBLAST, PHI-BLAST, and BLAST 2
sequences. Specialized BLASTS are also availahle for human, microhial, malaria,
and other genomes, as well as forvector 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 Proteing data

CD Search - search the Conserved Domain Database with Reverse
Position Specific BLAST.

B }"CDART- when given a protein gquety sequence, CDART displays the

‘7@)) functional domains that make up the protein and lists proteing with

(2 similar domain architectures

Open Mass Spectrametry Search Algorithm (OMSSA) - The OMSSA

search service allows proteomics researchers to submitthe mass

spectra of peptides and proteins for identification. OM38A then compares

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

i TaxPlot- atool for 3-way compatisons of genomes on the basis ofthe
Lt protein sequences they encode. To use TaxPlot, one selects a reference
¥ gename ta which twao other genomes are cormpared. Pre-computed
BLAST results are then used to plot a point for each predicted protein in
the reference genome, based onthe best alignment with proteing in each of the
two genomes being compared

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

ools - Structures

Barch - VAST Search is NCBI's stucture-structure similarity
search sewvice, It eompares 30 coordinates of a newly determined
protein structure to those in the MMDBUPDB database

F CD Bearch - search the Canserved Domain Database with Reverse
Fosition Specific BLAST

ntrez Genomes “Ywhole senomes of aver 1000 organisms. The
Enomes represght both completely sequenced arganisms and
those for which T progress. All three main domains of ife - baeteria,

archasa, and eukaryota - are representad, as well as many viruses, phages,
viroids, plasmids, and organelles.. Entrez Genomes provides araphical overviews
of complete genomes/chromosomes and the ability to explore ragions of intarest
inprogressively greater detail

C0Gs - Clusters of Ohologous Broups - a natural systarm of gene
famnilies frorm complete genomes. Clusters of Orhalogous Groups
(COGS) were delineated by comparing protein sequences encoded in 43
complete genomes, representing 30 major phylogenetic lineages. Each
COG consists of individual proteins or groups of paralogs from at least 2 lineages
and thus corgse ancient consened domain

Map Vigwer - Yiows integrated views of chromosome maps for

wilckuare” veriahrates, fungi, protozoa, and plants. bap Yiewer
is uged to view assembled genomes (either draft or complete) and is avaluable
tool for the identification and localization of genes and ather biological features.
Multiple map displays are aligned hased on shared marker and gene names
when available, and sequence map displays are based on a commaon sequence
coordinate system. Sequence data for chromosome regions of interest can be
downloaded, hiological annotations can heviewed in graphical format andfor
downloaded in tabular format, and gene models can he manipulated in the
assaciatzd ModelMaker tool

SKYM-FISH & CGH Database - The NC| and NCBI SKYiM-FISH and
CGH Datahase is a repository of publicly subrmitted data from

Spectral Kanyatyping (3K, Multiplex Fluorescence In Situ
(M-FISH), and C: Genormic b ion (CGH), which are
complementary fluarescent molecular cytogenetic techniques. SKYM-FISH permits
the simultaneaus visualization of each human ar mouse chramosome in 4
different color, facilitating the i of chr - CGH ean
e used to gensrate & Map of DMNA COpyY hUMBET CHANJES in tumor genames
Collaborative project with the National Cancer Institute. ( data submission
instructions..)

Genome Sequence Data and Analysis Tools at NCBI

ools - Gene Expres

Ge GEQ 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 ather NCBI seguence, mapping and publication database resources are
provided where possihle.

hy SAGEmap -provides a toal for performing statistical tests designed

/SAGEmep specifically for differential-type analyses of SAGE (Serial Analysis of
Gene Expression) data. The data include SAGE libraries generated

by individual labs a5 well as thase 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 DOD ) Digital Differential Display - an online tool to compare
omputed gge® expression profiles between selected cDMNA libraries
‘I~ Using = siatistical 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.nlm.nih.gov/Tools/

Tools for Programmers

@)-urilities Entrez Programming Utilities - E-Ltilities are a set of programs that
provide a stable interface into the Entrez retrieval systern. The eltils
use a fived URL syntax that translates a standard set of input parameters into
walues necessary for various NCBI software components to search for and retriewve
data from 23 Entrez databases

nformation Engingeeting Branch - |EB is responsible for developing
CHI's resources and databases. Access is provided to

documentation, access to NCBI software taols and libraries, and
announcements.

13
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2. What is genomics?

3. What is Bioinformatics?
How to access the genome data?
How to access the analysis tools?
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Analysis of human and other genomes

5 Future implications

6. Interpreation/global analysis of data

Photoreceptors

Applications of Genomics and Proteomics

1
2
3
4
5.
§)
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

The Human
Genome Project

naturc

, i thed
WWW.SCiencenews.org - . Iilll.irnan

genpme

June 23, 2000

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 7" 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

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

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)




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

f'-‘
<> NCBI

VERY PERSOMNAL
GENOMICS

Nature, Volume 449 Number 7164 ("' -
18 October 2007 2

19



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

Qutline
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3. What is Bioinformatics?
How to access the genome data?
How to access the analysis tools?
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Analysis of human and other genomes

5. Future implications

6. Interpretation/global analysis of data

Photoreceptors
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More Information

Volume 291, Issue 5507, Pages 1145-143

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/sci/techresources/Human_Genome/home.shtml

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

National Center for Biotechnology Information

National Tibrary of Me e Natwonal Institutes of Health

» 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 »

binmedical infarmation - all for the better Coffee Break,
understanding of molecular processes i;’;sH‘z‘niE;;:e‘
affecting human health and disease. More

¥ » Electronic PCR
new Protein Clusters\

Entrez Protein Clusters database ¥ Entrez Home

The new Ertrez Protein Clusters databass is a collection of
Referencs Sequsnce (RefSed) proteins, from the complete
genomes of prokaryotes, plasmids, and organslies, that have
been grouped and annotated based on sequence similiarity and
protein function. Click here tafind out more about the Protein
Clusters database:

¥ Entrez Tools

¥ Gene expression
omnibus (GED)

» Human genome
resouces

/A 1 Biltion 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.

¥ dbhHC

21



1963

e Entrez, The Life Sciences Search Engine
PubMed [ All Databases [ Human Genome | GenBank | Map Viewer BL4
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 | Books: online books @
35337 ij PubMed Central: fres, full text journal articles @ 321] A OMIM: online Mendelian Inheritance in Man 7}
7] Rff site Search: NCEI web and FTF sites @ 13| @8 OMIA: online Mendelian Inheritance in Animals 7}
CoreNucleotide: Core subset of nucleotide sequence records (@) dbGaP: genotype and phenotyps 7}
EST: Expressed Sequence Tag records @ 33 UniGene: gene-oriented clusters of transcript sequences 7}
GSS: Genome Survey Sequence records 7} CDD: conserved pratein domain database @
Protein: sequence database @ | [aD 3D Domains: domains fram Entrez Structure @
Genome: whole genome sequences 7 UniSTS: markers and mapping data 7}
Structure: three-dimensional macromolecular structures ] [44] PopSet: population study data sets @
Taxonomy: organisms in GenBank @ | [B443] £} GED Profiles: expression and molecular abundance profiles @
SNP: single nucleatide polymarphism 7} GED DataSets: experimental sets of GEO data @
Gene: gene-centered infarmation @ | Cancer ch cytogenetic datab. @
HomoloGene: sukaryotic homology groups @ [#]) pubchem Bioassay: bioactivity screens of chemical substances @)
:tl:x:]nct::er: Compound: unique small molecule chemical @ | [1oa] Wes E;T:nim gene expression atlas of mouse central nervous @
PubChem Substance: deposited chemical substance records (@) | [212] @ Probe: sequence-specific reagents @
Genome Project: genome project information @ o' Protein Clusters: a collection of related protein sequences @
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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

M2 Sensory Systems
Biochemistry -» Responding to Environmental Changss

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

4: Fat-Zoluble 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

75: Color Vision Is Mediated by Three Cone Receptors That Are Homologs of Rhodopsin
Biochemistry -» Responding to Environmental Changes -» Sensory Systems -> Photoreceptor Molsculss in the Eye Detect Visibls Light
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Information about Rhodopsin Gene RHO
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NP Go to reference sequence details

SHP: Ga z

’_FNP: e HC_000003, 14
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kS
Areviaw HE 0005301 CCOSHIG3.1

5
NH_000534.
‘i B - coding region M - untranslubed region

Fhodopsin image map
UrnGone

LinkCut

Human Vision
Absorption of light by photoreceptor cells in eye

Rods Cones
Noncolor vision in dim light color vision in bright light

pigment opsin (chromophore retinal)

rhodopsin blue green red
Absorbs at 500 nm 426nm 530nm 560nm
gene RHO OPN1SW OPN1MW OPN1LW
Chromosome 3 7 X X
Protein length 348 348 362 362
Rest 40% identity 95% identity
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Bed MRQOWEL QR LAGPHPQDETED STQSS IFTYTHEN ST PCR FE GPNTHIAP BNVTHLT SV 0
Green MAQQWEL QR LAGEHPQDET ED STQ S IFTYTHENET PGP FEGPNYHIAP EIVYHLT ST &0

Red TFVVTASWF TNGLY LA ATMEF FEL FHPLNUT LVNLAVAD LAETV TASTI STVNOQWECYFY 120
Green IFVWIASYF THC LY LA ATMEF KEL FHPLNWI LVN LAVAD LAETV TR STI SUVHQUYCFY 120

Bed LEHPMCVLEGETVS LCGITGLWSLAT ISTERWLYVVCEPF GHVEFDAFLATVGIAFS S| 120
Green LEHPMCYLEGTTVS LCGIT GLWSLAT ISTTERTMVWCEPF CHVEFDAFLATVGIAFS L) la0

Red AWWTADPP IF G2 BYTTPHGLET SCCPDUWFEGE ST CWETMIVIMUT CCI TP LAT THMLCYL 240
Green AWWTAPP IF G2 BYTTPHGLET SCCPDUWFEGE ST CWETMIVIMUT CCI TP LET IWLCYL 240

Red VL ATRAVARDQEES EST QEAEE EV T RITVUVIIL FAN O CI G FACFALRNPGYAFH 3200
Green QVIWLATRAVAFD QEES EST QHARK EV TRV VIV LA FOF CI ] FACFALRNPGYPFH 200

Red PLMAALDAY FAESATITNPVIYUVFIIBOF INCIL QL FCFEVIDG SELESASFTEVESYVES  2e0
Green PLMAALPAF FAESATITNPVIVVFIMROF FNCIL QL FEEEVIDGSELSS ASETEVESUSS  3a0

Bed VEPL 264
Green WEPA 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

Tdeogran

HP22.3

Rp2Z.2
sp22.1

Xp2l

g LOCE53363
4

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
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Distance Tree Generated from the BLAST Results of Rhodopsin Protein

against Human RefSeq Proteins

@ thiadopsin [Homo sspisns] 3gil1 145891 17 KP_ 516740 2] PRED

@ thodopsin Home sagiens] 2ailf 145591 17IrAXP_515740.21 PRED.

@opsin 4isotorm 1 [Homo sapiens]

2

Humans have
three cone pigments
red, green and blue.

@ opsin + safom 2 Homs sapiens]

@ 0psin 1 cone piamens), medium-u.
@opsin 1 (cone piaments), long,
@ apsin 1 (cone pigments), shert ..

Common Lineage Tree Generated from the Taxonomy Browser

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

Pubhed
Enter name ar id

Expand All | Collapse All | Markse\ectedlaxal Erowse tree

Taxonomy
Browser
=]

Browse Choose subset

Delete taxa | Save as

Euteleostomi
Bl-Amniota

! B-Gallus gallus (chicken )
Eutheria
Canis lipus famihiaris (dog )
- Euarchontoglires
Tuurinae
Rattus norvegicus (rat )
Ius musenlus (mouse )
Homeo/Pan/Gorilla group
Homo sapiens (human )
Pan troglodvytes (chimpanzes )

#-D anio rerio (zebrafish )
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Distance tree Generated from the BLAST Results of Mouse Rhodopsin Protein
against Mouse RefSeq Proteins

@ chelecystokinin & receptor [hus musculus]

Mice have only
| two cone
@ reinal pigmentepitheliom deried th. pl g m e ntS ,

blue and green.

@ opsin (encephalopsin) [1us muscuius)

@ opsin 1 (cane pignants), short wavs.

@opsin 1 (cons pigmants), med

@ hodopsin (us mascilus) 4

o

@ hodopsin (Hus msculus)

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 Chicken Rhodopsin
Protein against Chicken RefSeq Proteins

@ cholecystokinin & receptor(o.

e Birds, for example,

[ 1 e oo chickens have 4

T cone pigments
1 _ o red, green, blue

r——— Similar to humans

and an
additional one,
violet.

@ PREDICTED: sinilar to U opsin [Galls galls)

@apsin1 e lons v (color o) el ol

@ apsin 1 (cone piaments), long weve sensifive (calor bl

@ iolet sansifive cons opsin [allus gallus)

T hbiue sensifive cone opsi (allus galius)

@ hodapsin [oalis gllus

9 thedopsin [5alis gallus] 4

3

4 thodopsin [3allus gallus)

Birds have highly acute color perception.
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Distance Tree Generated from the BLAST Results of Zebrafish Rhodopsin

Protein against Zebrafish RefSeq Proteins

@ BAE0NE T ED: b sl s e B res.

@ omsin s Lok nelel

@ BREDNC T e bl s B rasd.

]

8 PREDICIER: s ek s s D rarkd

L ]

2gusin 1 10ans phamniE N

Sk o rhrodoyin Ptk sl
B PRITHCTITY jendr s
@ e i sk 4

2]
2 Modspain W et

Fish, for example,
Zebrafish have
multiple copies

of 4 pigments.

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
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 rodhlike opsin Tabifugu rubripes)

> EREDICTED: similer o rod op
45 hodapsin (opsin 2, od piament trefinits
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Blast Distance Tree of Animal Proteins Similar to Human Rhodopsin (contd)

ngle  slanted  radial  force 1 Show distance Mnuse aver an inteenal nade for 4 subtree or alignment Blost names color mop
§ Sl bt embgrn Ok b o ates
& 33050 1 (MUOIDSIN IEATON it
Iy  PRIEACEFD s b malircn Fars ) abbits & hares
& ok 4 (et Pl galell L
@ PHEOCIED: Halar Dot domashol
& THSANIFIMOOMAIAN [ncphuies ghaas it F Jants
@ P01 153 [rphler gelsin sk FEST]
I 5 tasncendeshalaosini e notoed ungulstes
Iy 3 prrocirn
" prire arsuplals
@ srm
4 9 BREDEITD s e 3 cspb e, pice o) DSncaobhis cartes I [menovemes
s & & PRECKCIED: indie bopmcyin Puber aebe Inds
@ I ¢ dd-roed ungulates
+ . I frrogs & voads
4 N e e D B ony fshes
v @ FRECK1 5 i s i Sew oo Bt
- anlhch bssne o ke o I fonicaes
Farieto0 e Do Srow i) I fies
3 PHELYG ED: ki 13 v, 950, i abns]
T andentlan sosin Kuréo
- PREACTIR b el pos b, s ]
i S pursgirogtin Do
4 Sinar ) LA LA it
" gl LG 44735 D e
S oasinskna
15 e
* ,w,..m...m.mw..-.-mh-m.u.eu
3050 1L0wS cababust
& ,iw,..m...w-.mh»..-._mh-w.
4 SenaiE GO 1593 STTR
4 9 0 PRITACTID wadir b Cavsre e kb (580 (Sovats
Po | om syt bt waveseeBagrs 1
W PRIDICTID oo 1 [eat igmartil long b §
ALttt b e e By
@ . SFEOHN 1130 DS, B T SR
" 5000 1 e ipmanil Rachem v ity |
5 | fuiem g b, e sk
1 @ PRITACIIT) e 116y wasslarg P bestss it
20 i e o e i, 10
CO1 1 1031 Ciamer
" 8y and teaben, L M 10 Dot Segiesh
o Do
000 1 (ecru D4Ry o - 4B (¢ ko bindr i bt
. s viohbswasion oo vt Ebe gl
- 2 bt 1 1 1, shard w5
BRETICIED. it 4 Bl rirhun
4 004N 110008 piomAn)
L £ o L phpent [P
& PREACTED: simdie b lrorh.
4 4 @eusin 1 cone ciaments, shoet
. - Sequn t[tara |
0 PHELYCI EC: St o bive cone o
a B coin 1 [rare 1, thorb s
'l @ FREDK TED: oy | (varm pmantil,
bkt cont atsin | i
o 1 (ccew papan ), e

Tax BLAST Report of the Previous BLAST Search
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Euteleostomi
B-Amnicta
ves (birds )
Gallus gallus (chicken ) 4 cone Ops|ns |
Eutheria

Canis lupus familiaris (dog )
- Euarchontoglires

Turinae
Rattus norvegicus (rat )
i @ NIus musculus (mouse ) cone Ops' ns

Homo/Pan/Gonlla group
Hnmn sapiens (human ) 3 cone OpS|nS
Pan troglodytes (chimpanzes )

#-D anio rerio {zebrafish )

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
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Information about Rhodopsin Gene RHO
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¥ Links
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NE_D00S30.1  CCOSENETH1

B - coding region W - untranslated region

Frabe

Pratein

PubMed

Pubbid {GeneRIF)
SNP

SHE: Ganotype
SNP: Geneview
Tooromy

Ensombil
Evidence Viewer
2

ModelMaker
Roported Mutabons |
Fetina Intemational RH
Database

Fhodopsin image map
L EIET)

LinkoOut

MM
Full best in PMC Summary Retinitis pigmentosa is an inherited progressive disease which is a major cause of blindness in western

cammunities. 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 pratein which, when photoexcited, initiates the visual transduction cascade. Defects
in this gene are also one of the causes of congenital stationary night blindness.

+ for MIM: 120380

1. NM_000539.2—-NP_000530.1 rhodopsi
Source sequence(s) | U16824,1140742
Consensus CDS | CCDS3063.1
Conserved Domains (1) summary

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

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

Blast Score:338  family, which have been considered to be typical members of the rhodopsin
superfamily.
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[ " HomoloGene

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

[ 1: HemoleGene:63068, Gene conserved in Euteleostomi Download, Links

Genes Proteins
Genes identified as putative hormologs of one another Froteins usad in saquence companisons and thelr consered
during the canstruction of HomoloGens, domain architecturas

H.sapiens RHO human \s]  WP_000S301
thodopsin (opsin 2, rod pigment) (retinitis 348 aa
pigmentosa 4, autosomal dominant)

P.troglodytes RHO H || XP_516740.2
thodopsin (opsin 2, rod pigment) (retinitis Chlmp 348 aa
pigmentosa 4, autosomal dominant)

C.lupus RHO_2 d || ¥P_BASE0DB 1
thodopsin (opsin 2, rod pigment) (retinitis Og 358 aa
pigmentosa 4, autosomal dominant)

M.rmusculus Rho MNP_ER3358.1
thodopsin mouse 348 aa

R.noregicus Rho ] MP_284276.1
thodopsin rat 348 aa

G.gallis RHO chicken = wp sons211
thodopsin (opsin 2, rod pigment) 355 aa

D.reria tha zebrafishs wr sriisan
thodopsin 354 aa

S conts Cluster of transcript sequences that

Breakdown by Tiasue

g 4TSRS RHO! 2, red pigy pigmennaa 4,
T appear to come from the same

Nole: Pleisa moussevar e TIasus entanan fo v compials detais

gene/expressed psuedogene

Adipose tistud o orazE
adrenal gand o 0rxx
anciles 0 054008
bladder a 057 S
blood o r33Tes
bane o arreras
bane mmamow a nr483an
brain o 0343418
Carvin. o orayesy
ceshies 0 0116293
ealon o O 1EH54
ConnecTD DSSUD o 014353
Crantal nevee sy - 107 15084
wmbronic sy o 0rtasns
Rsophagus o 051557
e wes @ 0D
hearl o L
Mdney o o5 tana
Iwar o OraaTss
lung o 05 X300
henph (] 0544399
heniph nodia o 0rsT0s 1 H 1 1
et o] 0 Restricted Expression (contributing more
mauth o 0r&r4ze
m e than half of the EST frequency)
nane o 015760
Gwary o 09 es
PAncress o ormse
aratieoid 1] 05 xEn . H 4
e 5 Hs.247565: Expression restricted to eye
|piuitary gland o LR
placents o 05 x0T
proslate 1] 071390459
| salivary gland o 01 7034%
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Information about Rhodopsin Gene RHO

m B [5one Summary [mAtaza, b " [Ritormatve mRtas smopsis Function and rolated gones 01

AceView

Hame sapiens gere R, encoding rodopsin (opsin ) (retiritis pi

- tsfopen all paragy st

,_u‘ﬁ [ LN TIONAL ANNOTATION

AcEiEew T ysnens biokagy, this chapmr provides. Inks 0 all genes with similar annatations.
" +

inHuman Apdd? =

alg s, mokocular functon and celhir focakeston (G0} :
Lt s gt el iy mm.u:—f.mm. prymatc activity, or kcalsation of # profeinds) to coll conpartmants. Some
Arrotations are donmentag In PubMed, iome e Infeerad, The st of related genes with tha £ama process or fUnchon GO annctation are reported in the st cobimn only
If Sy ars st by  Pubblent pubication,
e [Descripion [Fidence Souce  [Related geres (* If publshed support)
Frocess | G-proten copled recepior proten sionaing patieay 1artcle GOA/TAS 178 genes *
photol anschucbon, vt gt 1arlcle (GOA/TAS [+ geres *
rhodopsin medited sigraling Lartche GOAJTAS (3 genes *
profer-chramophors Inkage GoAfEA
response (o stimus GOAIEA
NEjp— AT 305 e =
Fhodopsin-lka recepior actvity AW [ore Qong GPRLZD *
el rough patreaps, process o farction (wit GHKL | RPL POERR, ABCAA | SAG | OPNIMW, HGR.1, BRM,
0 GNATZ, OPNZaraCHM,
Localization [l mermbrane GOADA (1262 geres
rfeqral © piasma memtrana GOWTAS B17 ganas
vral 1 b Acoiiow (4T gonns
hotorecepie outer segment GOANEA fore gere: MYGTA
Diffrent locaizations may apply t dfferent profen kaforms.
Curmied eratre
& and motif

i o matif " [ with same
[matf

The rhocopsi ke GROR. supes family doman & fourd n 2 soforem: &, b, 721 genes: fm_L.1,
[InterPro anmotation] Geprotereoouphed recopiony, GRURY, constitte @ vist pronein fansly $hat ercomparses & wide range of frgions 1.4,
{inchading various autnorinn, paracrine and endacring processes). They show considerabln dersity at the sequencn lrved, on the basis of which

they can be separated N distNCt oroUps. We LSA the tRrm clan I descrbe the GRCRS, 34 they mbrace 3 group of families for whh there

are indications of evolutionary relstiorship, bt between which there & ro statistically sigreficant similarity in seguence, The curmently known

clan mermbers nchude the rhodopsir ke GRCRS, the secretrrlie GPOR, the CAMP receptors, the fungal rmating pheromone receptons, and e T

Frtabotropic ghuiamate receptor Tamily, Thire & 3 specaloed datibose fr GPCRE: Mg e, gpor ong7imy. Th riodogere e GRCR

thamsobies reprosont a widesproad protein family that includes hormone, neuroransmister and iight recopitors, all of which transduce

matraceiular signaks Srough INteraction wH QUaNnG nuCkotide-tinaing (3) protens. ARhoUgh ther activatng Igands vary widsly in sruchre

and char acter, the aming acid sequinces of the recepions are viry dimilar ad are befened b adopt & common struchural frameeork

Human Vision

Opsins are 7 membrane 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 -retinal

Leads to cascade of events that cause
hyperpolarization of the membrane and signaling
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Information about Rhodopsin Gene RHO

Search for SNP on NCBI Reference Assembl
Search Entrez | SMFP = | for Go

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

Have a auestion

 ingene regon % cSNP © has Bequency © double bt refreah

gene madel Contig Label  Contig mima protein  meus orientation BAnscEpt sp comt
(rontig mBNA 1] reference  WT 00561215 MM_000539.2 HP 000530.1 forward plus strand 6, codng

. Conbig mBNA LSNP red Hetero-
Begon o oo o1 11 Tyeosy Validation 30 OMIM  Fanction
exon_ 1 35742723 96

Information about Rhodopsin Gene RHO
OMIM

Online Mendelian Inheritans180330

Search | OMIM ~

[ Limits | Previewdindex | Histol
+ 0001 RETIMITIS FISMENTOSA 4 [RHE, PROZEHIS]
Displﬂyl Detailed = 0002 RETINITIS PIGMENTOSA 4 [RHO, PROZ4TLEL] dbSNP
» 0003 RETINITIS PIGMENTOSA 4 [RHO, PRO34TSER] dbSNP
+ D004 RETINITIS PIGMENTOSA 4 [RHO, THRSBARG] dbSNP
+180380 + D0 RETINITIS PISMENTOSA 4 [RHO, 3-BP DEL]
RHODOPSIN; RHO » DODE RETIMITIS PIGMENTOSA 4 [RHO, THR17TMET]
« D007 RETIMITIE PIGMENTOSA 4 [RHO, PHE4ELEL]
+ D008 RETINTIS PISMENTOSA 4 [RHO, VALBTASP]
Alternative titles: symbols + 0009 RETINITIS PIGMENTOSA 4 [RHO, GLYBOASF]
+ D010 RETINITIS PISMENTOSA 4 [RHO, GLY106TRP]
. + 0011 RETINITIE PIGMENTOSA 4 [RHO, ARG135LEU)]
OPSIN 2; OPN2 + 0012 RETINITIS FIGMENTOSA 4 [RHO, ARG135TRF]
RETINITIS PIGMENTOSA 4, || EETINITS PUNCTATA ALBESCENS, INCLUDED

= 0013 RETINITIS PIGMENTOSA 4 [RHO, TYR1TBCYS]
RETINITIS PIGMENTOSA’ Rt + 0014 RETINITIS PIGMENTOSA 4 [RHO, ASP190GLY]

- J
« 0016 RETINITIS ENTOSA 4 [RHO, LY5236GLU] dbSNP
* 0018 RETINITIS PIGMENTOSA 4 [RHO, HIS211PRO] dbSNP
« D019 RETINITIS PIGMENTOSA 4 [RHO, 12-BP DEL, EX1]
« D020 RETINITIS PIGMENTOSA 4 [RHO, PROJITARG] dbSNP
« 0021 RETINITIS PIGMENTOSA 4 [RHO, GLY182SER]
GMENTOSA 4 [RHO, PROZETLEL]
GMENTOSA 4 [RHO, GLUZ4ATER]
* 0024 RETIMITISE PIGMENTOEA 4 [RHO, PRO53ARG] dbSNP
« 0028 RETINITIS PIGMENTCSA 4 [RHD, GLY106ARE] dbSNP
+ D026 RETINITISE PIGMENTOSA, AUTOSOMAL RECESSIVE [RHO, IVE4, G-T,+1]
+ DOZT RETINITIS PIGMENTOSA 4 [RHO, ASP130TYR] dbSNP
GMENTOSA 4 [RHO, ARGZOTMET] dbSNP
GMENTOSA 4 [RHO, ASN16SER]
+ 0030 RETINITIS PIGMENTOSA 4 [RHO, MET20TARG] dbSNP
= 0031 NIGHT BLINDNESS, CONGENTAL STATIONARY, AUTOSOMAL DOMINANT 1 [RHO, ALA292GLU]
+ D032 NIGHT BLINDNESS, CONGENITAL STATIONARY, AUTOSOMAL DOMINANT 1 [RHO, GLYS0ASP]
A EETITED MICEA BUTCenian) B SSIEIRHG 01 VE)
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Blink: Precalculated top 200 protein BLAST hits

Query: giHS06527 rhodopsin [Thamio sapiens]
Masching gl: 11RT264, 1202017, 114580117, 2AT0RRNL, 1 17644328, 10059598, 1072084, PO0IRG11, REZATN17, REZAT192, 1 236137, 1 19500450

Show idintical | AShits | Common Tron | Texonomy Reporl | 30 suchures | COD-Snach | Glist | Run BLAST |

200 BLAST lits to 154 mudque species Sort by taxonemy prosimiiy

[ Other Fudearyotar

0| Archaea [0

e (188 | Metaoa [ | Fung [0 | Blarts [0 | Virss

Eeep only 'l Cut-Of 100 Salect I Feast Mew pearch by GL: [4506527 Go

348 aa
SCORE P ACCE3ZION [ 4 H ORGANISK

2 Domain hies

1000803

Masaoa mulatra

Macaca fascicularis
Falis astua

I |

1&0n 1709178 L P R s
1784 SAEEE - 3 Canie lupus Fam:liscis
1791 Tricheckna mamrins
17RE Phoca wrbalina
1786 AABEBEEOE 2636722 - Sus scrofa
1783 REEIITEE 21594395 Mua meaculua
1z CRASTUSL  UIUTS - 2 Ratius morvegicus
FEIEY ARCLZTES  JUZLUEE - 1 Phoca groenlandica
1781 22 133854420 - 1 Cawia porcellug
Cricetuing griaess
1to2 crassi
ax ehrenbergi

Ovia aries

T synthats
Momoddalpnia damestica
Caluramys philonder

AP O01... 12E3ZRE21L
1752 20 QEEIEL  FSN71958
1752 21 Q6BJ4T7  TS0T1458 -

L

1 Loacdonta africana
1751 21 Q62791 6093616 - 1 Delphunus delphis
1751 21 RAP13NZY 2 Miroungs asgusbicos
1750 21 PO269% - 6 Bos taucus
1743 21 062793 1 Meaoplodan biders
1731 21 kAC12940 3037062 - 1 Tursiops bruncalus
PR PR .

Query: gil4506527 rhodopsin [Homo sapiens]

Get Ce3D Now!
Show identical | Best hits I CDmmDnTreel TaxunumyRepDrII 3D structures | CDD—SEarchl Gllist | FRun BLAST

8 BLAST hits to 1 unique species Sorthy taxonomy proximis

E Archaea E EBacteria E Idetazoa E Fungi E Plants E Virses E Other Eukaryotae

Keep only = | Cut-OfF 100 Select | Resst New search by GI. |45068527 Go

GI PROTEIN DESCRIFTICN

Dowain Database hits
1JFPL 16975387 Chain A, Structure Of Bovine Rhodopsin (Dark Ldapted)
1L9HE 21465398 Chain B, Crystal Structure Of Bovine Rhodopsin At 2.6 Angstroms Resolution
1FB8B 10121076 Chain B, Crystal Structure Of Bovine Rhodopsin
1EDXA 10120989 Chain &, Solution Structure Of Amino Terminus Of Bovine Rhodopsin (Residueg
1EDSA 10120986 Chain A, Solution Structure Of Intradiskal Loop 1 Of Bovine Rhodopsin
1EDVA 10120957 Chain &, Solution Structure Of 2nd Intradiskal Loop Of Bovine Rhodopsin
1EDUA 10120958 Chain A, Solution Structure Of Third Intradiskal Loop Of Bovine Rhodapsin
1FDFA 9955026 Chain A, Helix 7 Bovine Rhodopsin
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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] [Pubied

Get 3D Structure data | [0 |View in Cn3D - o display structure. download Cri3D)

gi 4506527

LIFF L

gi 4506527

LIFP &

gi 4506527

LJFF A

gi 4506527

1JFP &

gi 4506527
LIFF L

E-value = 0.0, Bit score = 678, Aligned length = 348, Sequence Identity = 93%

10 20 30 40 50 50 70 &80
T P (P P I S

MNGTEGPNF TWPFSNATGUVRSPFEYPQYYLAEPUQFSHLLAYHFLL IVLGFP INFLTL YW TVQERKLRTPLNY ILLHLL
MNGTEGPNF ¥WPFSNRTGVVRSPFELPQYYLAEPUQFSHLLAYHFLL INLGFP INFLTL YW TWQERKLRTPLNY ILLHLL

20 100 110 120 130 140 150 160

I B I T I e e e e T N T e |
VADLFMWLGGF TSTL¥TSLHGYFVFGP TGCNLEGFF ATLGGE 1AL WS LVVL AIERYVWVCKP NSNF RF GENHAINGVAF T
VADLFIWFGGF TTTL¥ TSLHGYFVF GP TGCNLEGFF ATLGGE 1AL WS LVVL AIERYVWVCKP NSNF RF GENHAINGVAF T

170 180 150 zoo z10 2z0 230 240
b000@a000[ 0a00Paaonl]acsafonaalloans@oanal] anao@anao] aaos@acanesna@ooaalloano o
WVHALACAAFFLAGUSRY IPEGLOCSCG IDYYTLRPEVNNESFY IVHFVVHF TIFHI I IFFCYGQLVF TVRE £ A AQCQE!
WVIAL ACAAFFLVGUSRY IPEGNQCSCG IDYYTPHEETNNES FY I YMFVVHF IIFLIVIFFCYGQLVF TVRE ARACOQES

250 280 270 za0 290 300 310 320
6000%a 000 0000%aa00]aosaBannallonanoanall anaa@anaol aaooPacasacoa@osaallonnc@aana

ATTORAEREVTRMVIINVIAFLICUVEYASVAFY IFTHOGENF GP IFHTIP AFF AKS AT YNFV I ¥ IMMNEQF ENCHLTT
ATTORAEREVTRMVIINVIAFLICULPYAGVAFY IFTHOGEDF GP IFHTIP AFF AKTS AVYNFY I ¥ IMMNEQF ENCHVTT

330 340
B P [

ICCGENPLGDDEASATVSETETSOVAPL 345
LCCGENPLGDDEASTTUSKTETSQVAPL 345

JFP - CndD 4.1

File View Show/Hide Style Window CDD Help

Seven helices
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BB 13FP - Cn3D 4.1

File Wiew ShowfHide Style Window CDD Help

Seven helices

B 13FP - Cn3D 4.1
Fie View ShowfHids Style Window 0D Help

Lys 296

Positively charged i

Schiff base . a3
compensated by

Glu 113

Retinal

Qutline

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

NCBI
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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

Interpretation

Photoreceptors
cones and rods Distance Tree

Nucleotide Sequence similarity Tax Blast
RefSeq Phylogeny
Protein Homology

Expression

Structure

Function
AceView




Questions about NCBI Resources?

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