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= Establish public databases

« Research in computational biology

= Develop software tools for sequence analysis
= Disseminate biomedical information
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* NCBI Databases r
— Literature
— Sequence
— Genome
— Expression
— Structure

® Summary pages
for Information

— Global Query
— Taxonomy
— Genome Project
—Gene
—UniGene
—HomoloGene

¢ Search Methods
» Entrez: by Text
> BLAST: by Sequence Text  Sequence Structure
> VAST: by Structure
BLAS
® Pre-Computed Links

*An Integrated Example

Types of Molecular Databases

® Primary Databases

- Raw and redundant Data.....submitted, “owned” and updated by
experimentalists

= Examples: GenBank, SNP, GEO, PubChem Substance & BioAssay

® Derivative Databases
- Human-curated (compilation and curation of data)
= Examples: GEO Datasets & Literature databases
- Computationally-Derived
« Examples: UniGene, HomoloGene, PubChem Compound
- Combination

= Examples: RefSeq, Gene, Genome Assembly, Conserved Domain
and Structure databases

GENBANK
1 B |
Release 153 April 2006
U 56,620,500 Records
o 61,582,143,971 Nucleotides
>140,000 Species
224 Gigabytes 944 files
« full release every two months
« incremental and cumulative updates daily

« available only through internet
. .

ftp://ftp.ncbi.nih.gov/genbank/




GenBank Divisions

PRI (30) Primate
ROD (24) Rodent L.
PLN (17) Plantand Fungal Traditional
BCT (14) Bacterial/Archeal

VRT (10) Other Vertebrate «Direct Submissions (Sequin/Bankit)
INV (8)  Invertebrate -Accurate (~1 error per 10,000 bp)
VRL (5)  Viral *Well characterized

MAM (2)  Mammalian +Organized by taxonomy
PHG (1) Phage

SYN (1) Synthetic
UNA (1) Unannotated

EST (512) Expressed Sequence Tag BUIk
GSS (174) Genome Survey Sequence
HTG (81) High Throughput Genomic
PAT (20) Patent sequences

STS (14) Sequence Tagged Site
HTC (10) High Throughput cDNA
ENV  (8) Environmental Samples

*From sequencing projects
*Batch submissions (ftp/Email
*Inaccurate

*Poorly Characterized
*Organized by sequence type

Der!vatlve iﬁguemﬁ Bahaba:e
VAV A | B, RefSeg

RELEASE 18 IS NOW AVAILABLE ON THE FTP SITE!
® The curated “best representative” sequences
© Standardized nomenclature and record structure
® Added annotation (references, sequence features)

Geiines oY =t Wl Soenome

mRNRS N
Profeins K i
e o 1]

RefSeq Cu ratio§ /Ij}r‘:)cesses
IR

AN > o
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Curated genomic DNA
NC, NT, NW)

(XR)

Curated mRNA (NM)c———= ——> Protein (NP)
(NR)




Primary vs. Derivative Tr—
Databases

TATAGCCG
AGCTCCGATA
CCGATGACAA

Updated
continually
by NCBL

Updated ONLY
by submitters

‘...I..h € (ever expanding) Entrez System

S Pubg Mo talog |7
A oum - i o e
Compounds [ [ Bosks
ngasam
Substance = tasmomy

|eProjectsE
)mosomesE

(7 -.Entres, The Life Sciences Search Engine,
“What is Entrez?”
® A text search and retrieval engine
® A virtual workspace for manipulating large datasets
® An organized system for linking biological data

® A network of 29 linked databases




Essential Components of Entrez Databases

o All Molecular Database entries are organized by organism
(Taxonomy Database).

e Each record is assigned a UID.
- A “unique integer identifier” for internal tracking

e Each record is indexed by data fields.
- [author], [title], [organism], and many others

e Each record is given a Document Summary.
- asummary of the record’s content (DocSum)

e Each record is manually or computationally assigned links to
biologically related UIDs in and across databases.

Searching the NCBI Databases

Text Sequence Structure

BLAST|

e Entree, The Life Scignces Search Engineg_

How to Query a Particular Database

fi'\llhcleotide

Uum
Lirnit:

(terml[tag delimiter] op term2[tag delimiter] oOp ..)

op = AND, OR, NOT
#Boolean operators MUST be in ALL CAPS!

tag delimiter = Entrez indexing field
Organism
Journal Examples of

User compounds [ tag delimiters
Author




seeene 20 o
*® ocoo

Zﬁm o dessee |

_}‘."; r
s Protein
=|fer | Brauninger a c-src kinase

Clear |Save Seasch

Limits | Preview History | Clipboard | Details
H Organism
Journal
User compounds
Author
=TT jBrounngar acare knesl _Go | Gesr | Save Seageh
[T p— E B P e T |
AES | g - aie Stnuctees 5 (K

One page

{Homa tapuera
BCANAZSSE 1[30256]

Limits | Pr rd | Details

| Query Translatian:

q Brauninger a[Auchor] MND (c-scc kinase[Protein Name] OR
cometwef |je=spe[ALL Fimlds] AND kinase(All Fielda]])
<arenn

EXAMPLE: Searching with Entrez

“How do I download the Human Proteome?”

|‘ http://www.ncbi.nlm.nih.gov ‘l
PRI T :
S 2 :
. Choose the Protein database to search
. Refrieve Human records

. Narrow to only RefSeq records
. Choose. your "Display”-format

. “Send”

OlhH WN =

he data to a “File”

o

Using Fields to Sequence Records

Accession WiF
seseee 90 5 F
*% q All Fields . Protein
Author . =
EC/RN Number
Fraview | Feature Key
+ Enter terms and of Filter
« To combine srace| GENE Name
Issue
Ha bessory wwadable | Journal
AMT Keyword
:'J'"”I"Q' Modification Date
» Enter aterm "
v Chck Previed Molecglar Weight

Page Number

Go | Cleer |Save Searc

of seach resus
g. (#2 OR #3) AND asthma.

beri 10 specy a search field
H see the number of search results, or chick Index to mew b

Al Fields Primary Acces Most useful search field: [Organism]
BB Properties humanforgn] ..or.. bacteriaforgn]
huthor Protein Name

N Hunber | Publication D3ysefyl search terms in [Properties]:
Filtar SeqID String “ .

Gane Mame sredb: “source database srcdb_refseq[prop]
ssus Sequence Le "\ iv: “genbank division" bdiv_est[prop]
enal Substance Ng| 9°¢!V: "gendank division”  © gociv._esTiprop
lepward Text Word biomol: “biomolecular type”  biomol_mrna[prop]
[Modifcation Date .

Masiscutse winighs | Title
Volume T
I —




EXAMPLE: More Complicated Entrez Searching

"How do I find a information on ;;lenes
expressed in mouse pancreas

|‘ http://www.ncbi.nlm.nih.gov ‘l

I} et %

g

1. Choose the UmGene database to search

2. Retrieve Mouse records

3. Use Preview/Limits: to find clusters
containing *at least* 1 mRNA

4. Limit to those found in the Pancreas

X

Other Advanced Queries

Nucleotide: Non-genomic sequences from the PLN division of Genbank
gbdiv_pln [properties] NOT biomol_genomic [properties]

Protein: RefSeq sequences with molecular weights of 80 to 100 kDa
sredb_refseq [properties] AND 080000:100000 [Molecular Weight]

SNP: True SNPs that are uniquely mapped on the mouse genome

Snp [SNP Class] AND 1 [Map Weight] AND mouse [organism]

UniSTS: Markers on the Genethon map of human chromosome 12

Genethon [Map Name] AND human [or ism] AND 12 [chr ]

Structure: Structures of bacterial kinases with resolutions below 2 A

Bacteria [organism] AND kinase AND 000.00:002.00 [resolution]

Searching the NCBI Databases

Text Sequence Structure




Searching with Sequences

Why do we need
sequence similarity searching?

*® To identify and annotate sequences with...
— incomplete (or no) annotations (GenBank)
— incorrect annotations

® To assemble genomes

* To explore evolutionary relationships by...
— finding homologous molecules
— developing phylogenetic trees

NOTE: Similar sequences may NOT have similar function!

Basic Local Alignment Search Tool

® Calculates similarity for biological sequences
* Finds best local alignments

Seq 1 | Seq 1 NS 7
Seq 2 Seq 2
\4 v
- —— — TR T
= i— i — — - —
Global Alignment Local Alignment

® A Heuristic approach based on the Smith-Waterman
algorithm
— Searches for matching “words” (W) rather than individual
residues
— Uses statistical theory to determine if a match might have
occurred by chance

How BLAST Works

3) Individually compare the “Word Matches”
Query: in an “ungapped extension” until
@mﬂdﬂgﬂﬂdﬁmﬂdﬂdﬂﬂgﬂg@ﬂﬂ similarities begin to “drop off", then
1) Break int calculate bit score. Save a list of “High
) Break query sequence up into Scoring Pairs” (HSPs) with their
“Words” and create a “Lookup Table”. positions and bit scores.
2) Compare “Words” to those in 4) Repeat comparison with “gapped

pre-formatted Database files creating ~ extension”. Save anew list of HSPs with
a collection of “Word Matches”. their positions and bit scores.

. *‘ 5) Finally, repeat comparison through a last
Lookup Table: |Database: “gapped extension phase with
= traceback” where actual sequence

alignments are generated, the final bit
score calculated, then the E-value is

GGACATGGACE 6,17 —

SACarceacec 110
caca c 718 generated.
CAIGGACCCTA 0.20 Word 15 ACTGGACATGE 29
1 A 12 IAcToeAcATGq
GGACCCTACAG 12.23 Query 3 il 1 46

TACAC 24 ———| Sbjct 1577 162
ACCeTACAGaA 14,25
CCCTACAGGAA 1520 Query 19 ACTGGACATGGAACCTA 35

FLLLLLLTTLL L]
Sbjct 1592 ACTGGACATGGACCCAA 160:

Score = 16.6 bits (12), Expect = 0.052
Identities = 24/29 (82.8%), Gaps = 2/29 (6.9%)

Query 6  GITGCTCTGTGAACTGGACATGGAACCTA 35
e (L LT LT L]

sbjct 1583 160




Minimum Requirements for a Hit

Nucleotide-based BLAST
ATCGCCATGCTTAATTGGGCTT
exact word match CATGCTTAATT
one word match

Minimum word size=7
BLASTn default=11
megaBLAST default=28

Protein-based BLAST

GTQITVEDLFYNI
neighborhood words ~ SEI YYN
— ——

-
two word matches within 40 residues
Word size=2 or 3 (default=3)

An alignment that BLAST can’t find

1 GAATATATGAAGACCAAGATTGCAGTCCTGCTGGCCTGAACCACGLTATTCTTGCTGTTG

L R I O A AR (RN I A
1 GAGTGTACGATGAGCCCGAGTGTAGCAGTGAAGATCTGGACCACGETGTACTCGTTGTCG

61 GTTACGGAACCGAGAATGGTAAAGAQTACTGHATCATTAAGAAQTCCTGGGGAGCCAGTT

NI e e DR e vfeeeendp reeer 1
61 GCTATGGTGTTAAGGGTGGGAAGAAQTACTGACTCGTGAAGAAGAGCTGGGCTGAATCCT

121 GGGGTGAACAAGGTTATTTCAGGCTTGCTCGTGGTAAAAAC

EEE T e e i Lo
121 GGGGAGACCAAGGCTACATCCTTATGTCCCGTGACAACAAC

Here there are no words longer than 6...

...for nucleotides
there must be an exact match of at least 7.

Scoring Systems - Nucleotides
Identity matrix

A G C T
A +1 -3 -3 -3
G -3 +1 -3 -3
C -3 -3+1 -3
T-3-3-3+1

Simply add the scores
for each pair of aligned residues
and, as necessary, factor in the gaps!

CAGGTAGCAAGCTTGCATGTCA
(RN RR NN RN A R R raw score = 19-9 = 10
CACGTAGCAAGCTTG-GTGTCA




Scoring Systems - Proteins

Position Independent Matrices

PAM Matrices (Percent Accepted Mutation)
® Derived from observation; small dataset of alignments
¢ Implicit model of evolution
*® All calculated from PAM1
* PAM250 widely used

BLOSUM Matrices (BLOck SUbstitution Matrices)
* Derived from observation; large dataset of highly
conserved blocks
® Each matrix derived separately from blocks with a
defined percent identity cutoff
* BLOSUM62 - default matrix for BLAST

Position Specific Scoring Matrices (PSSMs)
PSI- and RPS-BLAST

BLOSUMG62 Substitution Matrix

L-phenylalanise (F) L-tyrosine (¥

oo zZzD>

.! no { low weights
b § 7 %

E 3 f 4

G ". 2{

H 0 -

! q\:‘f 3 4

t \ ar h weights

M|-1 -1 -2 -3 -1 0 -2 -5 -2 -

Fl-2 -3 -3 @-2 -3 -3-3-1

Pl-1 -2 >33 -1-1-2-2-3-3-1-2-

s 0-1 0 0 0-1

X 2 Positive for more likely substitutions -FZ)

Scores

Simply add the scores
for each pair of aligned residues
and, as necessary, factor in the gaps!

\ D S - C Y

\ E T L C F
BLOSUM62 +4 +2 +1 -12 +9 +3 = 7
PAM30 +7 +2 0 -10 +10 +2 = 11

Different matrices produce different scores!

11



Local Alignment Statistics

High scores of local alignments between two random
Sequences follow the Extreme Value Distribution.

Expect Value
E = number of database hits you expect to find by chance

E = Kmne*$
E =mn2¥
K = scale for search space

A = scale for scoring system
S’ = bitscore = (AS - InK)/In2

expected number
of random hits

Alignments

’m ‘ (applies to ungapped alignments)

Nucleotide vs. Protein BLAST

Comparing ADSS from H. sapiens and A. thaliana

D2 O T T P PR
H.sapiens: [N R V T| VIV L G[AJg W G D E G ‘

A.thaliana: |S ¢ Vv S| G |V L G C|¢ W G D E G
R tEhdgt] cgpgt tcgg] gcfﬁ}a gogohbdthaagd

BLASTNnN finds no match, because there are no 7 bp words
BLASTYp finds three matching words

Protein searches are generally
more sensitive than nucleotide searches.

N ULIcutidc ‘:"ro‘te‘rn
o Some Flavors of BLAST

Program Query Database

blastn N) N)
blastp @ @

blastx @ et ®
tblastn ® @ )

PPP PPP
thlastx @ = @ =

12



EXAMPLE: Searching with BLASTn

“How do I fi dgur'e out what an EST sequence is
and can I fm a cDNA or _genomic clone source?”

i

|‘ http //www ncb1 nlm nih.gov ‘l

. tﬁose to BLASTn,

Search with a sequence or UID |
1 (DB320519: a'Human 3" EST read

_from KIDNE2 cDNA ler‘ar‘y)
earch against the Human “nr” database
ick BLAST, then-Format

~ " (save the RID’)

xamine the Results page......

g e
g RID; 1147359072-23630-203745320200.BLASTQ1

N =

o sw
rnn(n

Genomic BLAST

® The BLAST homepage Genomes
links to the Genome BLAST
pages provide customized
nucleotide and protein
databases for each genome.

® If a Map Viewer is
available, the BLAST hits
can be viewed on the maps.

EXAMPLE: Searching with genome BLASTn

"How do I test/analyze my human gPCR primer pair?
Can I flgu‘r'e out what gene/SNP/dlsease it'll d\mgnose”

|‘ http //www ncb1 nlm n:Lh gov ‘l

1. Ch oose ‘to BLAST the human reference genome
2. Se’ar‘ch with both pmmer sequences simu 'raneously

Forward primer: CCA TGG CGA CCC TGG AAA AGC
Revers primer: CAG CAG CGGE CTG TGC CTi (alefe]

3. Select the approprlate database
4. Fix the parametersi”

5. Click BLAST, then Format (save the RID!)
5. Exgmine the Results page & the MapView.....

g o RID;:' 1147360908-14552-165816185421.BLASTQ1

13



PCR Primer Set Analysis with BLAST

BLAST Human Sequences.

| CCATGGCGACCCTGGARAAGC

NNNNNNNNNNNNNNNNNN
1) Type in primer sequences Eorwarg Primay CAGCAGCGGCTGTGCCTGCGG
with an “N” spacer between
-
2) Choose your database: e |
“genome” or “Ref mRNA”
3) Select BLASTN! [ T v 3
(Advanced options: ““W 7”) s sarametors
Enpect Filter Descriptions  Alignments
4) Increase the Expect value [wa 3 ma [wa

threshold to >1. e

| o |

PCR Primer Set Analysis with BLAST

results of BLAST

1) View the graphic:
Find primer “annealing” sites.
Find hits to a single record.

2) Examine the alignments.

3) Identify potential amplicon:
Record’s accession number
Verify forward & reverse priming
Calculate approx. product size

from hit positions

Reverse Primer

463295
-463128|
~167bp|

4) Look at the hits on the Genome! cu:+ ciTaccorcceTea 2

PCR Primer Set Analysis with BLAST

(7o = e T T mes 1) Verify the gene targeted.

2) Identify potential amplicon:
Find region of the gene amplified
Verify forward & reverse priming
Estimate relative product size
Identify potential SNP site

3) Compare to the alignment
information for confirmation.

izt

ORIK: #143100 HUNTINGTON DISEASE
[HD, (CAGHN EXPANSION] [i% S coptces cmmazme 1 possss pond

Hunti disease d by jon [

of a polymonphic tinucleotide repeat (TAG], g, mepeos = s

located in the coding region of the gens for [ %o W gina

The range of -

to 37 in normel individuals and 37 to 1000 -~ s 5
i everse Primer
HD patients. J IIIII’!III'I J— !

_"| || ikt i W gy 1 | e = WAL SR LA, SR = AR
Bt = S M, Se = AU PR
1 e ALy

ey

k] ) A F s
MR orward Primer
Card CHTLEE Sfnhiseiddiin SR

14



Other Specialized BLASTIing

PSI BLAST
Reverse-PSI BLAST (CDD Search)

WORK 1T UP!!

- BLAST28Eq
GEO BLAST
SNP BLAST
ePCR (?)

Searching the NCBI Databases

Text Sequence Structure

BLAST|

In-lieu-of BLAST

Precomputed BLASTn&p Services
If you don’t want to run a BLAST search...
We've already done some for you!

® Precomputed Entrez Links:
“Related Sequences”
® The Transcript Cluster Database:
“UniGene”
® The Protein Homolog Database:
“HomoloGene”
® The “Conserved Domain” Database &
CDART a.k.a. “Domain Relatives”

® The Multifunctional Blast Link:
“BLink”

15



Related Sequences:
Precomputed BLASTn & BLASTp Lists

I 1: AF395536 Nucleotide £
Home sapiens sorting nexin 18 (ST 18) mRNA, complete cds || ::!'::""""
g1[15042690|gb|AF 385536, 1| AF395536[ 15042650] b She
* Taxonomy
F Umene
|+ vinkoue
R ek Protein jmisremsny
Sorting nexin 18 (Sorting nexin associated Golgl protein 1)

* Demain Relatives
* Tazonarmy
b Linkowt

gi[20140146]sp| QI6RFO|SNIT_HUMAN[20140146]

The “Related Sequences” link retrieves
GenBank/GenPept sequences sorted by BLAST score,
but with no alignment details.

UniGen

-

Summary pages of sequence and expression information
for sets of expressed sequences clustered by BLAST

UniGene Cluster Hs.XXXXX Homo sapiens
:fl SEE ALSO: LocusLink | OMIM | HomoloGene
MODEL ORGANISM PROTEIN SIMILARITIES
MAPPING INFORMATION

EXPRESSION INFORMATION

mRNA SEQUENCES

EST SEQUENCES

[T _bombstamin |

Clusters of homologous protein sequences based on BLASTp
(also guided by taxonomic tree information)
- Includes orthologs and paralogs -
HomaoloGene Release Statistics

Iretial LELers of Genes from complete genomes,
numbers af genes placed in a Romalody aroup, and

l paralogs l tne numbers of groups for each species
d hd HomaloGens Build 35

-~ N7 N L
frogA chickA mouseA mouses chicks frogs  Srecies Number o Hom:

O melAnagEsEr
A-chain gene B-chain gene A gamilse
C elegans
5 pame
gene duplication B hereviae
N Ngrassa
early globin gene M grisea
Athaliana
F fakipanum

16



Domains - W
Conserved sequence elements that perform common functions
curated from multiple sequence alignments with similar

function

W B W kW a0 CD NCBI

consensus 1 ...;;1 Pfam | Sanger
FrerriTEn @ | | SMART | EMBL

208
gi 1174437 1

2] | COG NCBI

(Position-Specific Scoring Matrices)

“Reverse-Position Specific” Sequence Comparisons (RPS-BLAST)
a.k.a. “Conserved Domain Database” (CDD) Search

i Y » Ld T Ll L1 T L
C  wews

0 O

CDART:
Conserved Domain Architecture Retrieval Tool

Modular Architecture of Domains

Cartoon descriptions of relative protein domain organization
Allows for comparison with other proteins with the same domain

anry —_— -
=

Ginilar donain architectures

o

Terssimaaratain b

et
2 Seqanirs

8 e peshai

e =
e

BLink: Precomputed BLASTp

]
] Umerr 3.1] c-arc cyremine winase [Home ]
Gt i e
o iertcnl | _Bavinos | _Common Tine | Tarmomey R |10 sncaont ]) 00 Sowcn | Gt

B e el T ————

o | faphana |7 Bactera [0 3 7 Fmum o | P 7 Vinuans [ Ot Bdaryotan s
Koty iy "] e o [k D




Searching ‘the NCBI Databases

Examples of Linking

Word weight

PubMed

Following Links

Follow links to related data
in the same database
or in others!

““Hard” Links: Curated links based on biology |, /75"
for example:
nucleotide - taxonomy (based on organism identifier)
protein > domain relatives (based on domain assignment)
domains > pubmed (based on supporting literature)

“Soft” Links: Pre-computed analyses
for example:
nucleotide - related sequences (BLAST neighbors)
protein - conserved domains (CDD/RPS-BLAST search)
gene - map viewer (map position of annotated gene)

18



3

Entrez Gene e

Summary pages of curated information (LINKS!)
for genetic loci of RefSeq organisms.

» Graphics

» Gene information

» Bibliography (PubMed links)
» General gene information

» NCBI Reference Sequences
» Related sequences

» Additional Links

WooW KM S e K & K WK UK

S’HGBBI=‘ ———iCEEE
ot Moot et Entrez Genes

Hsapiens & B.taurus glucose-6-phosphate dehydrogenase
R.norvegicus a T et Y T v T won
G6pdx € — e Erees Genes
M.musculus " .
G6pd1, Gépdx - = e G| ‘e |
D.melanogaster 1  glucose & phosphate detydrogenase  [Escherichia coli £12] Gene i
Zw OENEID: 126920 Locustag BIRSZ
Athalia Trumscripts and produ:
At5¢35970 —— - -
S.pombe Cotnomie contest:
SPAC3C7.13c
SPAC9.01 —
SPCC794.01c - L R -
B.anthraci :";;wm._ reahiant
BA_3932 pro—— £12 {stra. L2, substraier MEHL635)
H.pylori Sy e —— vimcon Exterobactenacen
HP1101 L

Ceneral protein iformatios:
zwf N ghocoseb-plavphite dobydeogenase
E.coli,
Salmonella, S
Shigella, FAFLE vesiduss 1-435 ars ¥4 pot idantiosl (3 gapl tecsrD_E
Yersinia,
Neisseria....

EXAMPLE: Finding Information on your Gene
“"How do I download the Human Proteome?”

|‘ http://www.ncbi.nlm.nih.gov ‘l

1. Choose the Gene Jﬁfabase to search

2. Fjnd your Gene record ,
via "‘l'r'adiﬁonal En'rrez search! :

3. Examine the record and a// of those links!




> Gene information:

[Gene type

Gene name

Gene description

RefSeq status

Organism

Lincage

Gene Aliases

[Summary

General protein information
> Graphic
[Transcripts and products
Genomic context

> Bibliography (PubMed links
GeneRifs

[> General gene information:
ene Ontology
JHlomology (Mouse, Rat, Human))
[Phenotypes
fScquence Tagged Sites
athways

> NCBI Reference Sequences
mMRNA sequence
Kource sequence
roduct
kConserved Domains

> Related sequences
genomic, mRNA & protein)
tional Li

pressoLcuncosin e faylt Display

G6PD  glucose-6-phosphate dehydrogenase [Homc
1 G6PD  ghacose6

GenelD: 2539 Prosary source.

ate debydrogenase [Homo sapien

Summary
Ganomic raglons, transeripts, and produsts
Bilisaraphy. Tiene Relerences s Prchon (OeneHF)  Sioans

Ganaral gene information
Genaral pratein information

o
150 ] | o

GebefhathtddDipplay

" 1: G6PD gl

GenelD: 253% Locus tag E 57, 3
<A [ Transeripts and products: (shown on reverse complement genome)
o 000023
Geq| D 25 aummny -
Tra feripl 5 s m— O LR RN
BT T ———

g, 2631 b, mmamber <Evonm. 13

INTRIN

2000

128 ke
e

108 ke
ey

158kp
ke

Mip

b

236kp
g

e

00 bp

[Homo sapiens]

16-Sep-2004

IGE

» Gene information:
Gene type

Gene name

Gene description
[RefSeq status
Organism

Lineage

Gene Aliases
[Summary

(General protein information
> Graphics:

'YMBOL & name [Organism Default Display

G6PD  glucose-6-phosphate dehydrogenase [Homc
1 G6PD  ghicose-6

GenelD: 2539 Prosary source.

o1

ate debydrogenase [Homo sapien

Summary
Ganomic raglons, transeripts, and produsts
Biilicaraphy omr Erbtremer mhe Facton (5

Ganaral gone infarmatisn
Ganeral protein ifarmatien

> Bibliography (PubMedTiKs)
GeneRifs

[> General gene information:
lGene Ontology

fomology (Mouse, Rat, Human)
[Phenotypes
fSequence Tagged Sites
JPathways
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Expression profile suggested by analysis of EST counts.
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EXAMPLE: Finding information on
the Etiology of Hemochromatosis

e - - &
To answer@ quesiion/solye a puzzle

What causes Hemochromatosis?

Classic hemochromatosis (HFE),
an autosomal recessive disorder,
is an iron overload disease.

@ Iron is an essential nutrient required for the synthesis of
hemoglobin, cytochromes, and many other proteins
Iron is transported around the body by Transferrin which
binds to the extracellular Transferrin Receptor, causing
internalization and cellular uptake of the complex.

@ High intracellular iron levels causes free-radical damage to
intracellular proteins, lipids, and nucleic acids.

HFE protein is a competitive inhibitor with Transferrin for
binding to the Transferrin Receptor, thereby inhibiting
cellular uptake of iron and preventing intracellular damage.

FEU;E 17-48. The 'Ir‘ansfe"in cycle, y " Medical icati of Hemochr is: hypermelanotic
which operates in all growing mammalian cells @ pigmentation of the skin, arthritis, cirrhosis of the liver,
Molecular Cell Biology by Lodish, Berk, diabetes, heart failure and primary hepatocellular carcinoma

Zipursky, Matsudaira, Baltimore & Darnell ©
2000 by W.H. Freeman & Co.
A Bookshelf member!
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Protein Record —>Domain (CDD) Search
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Additional Courses

s HCEI
A Field Guide to NCEI Eield
Resources Guide =
. Making Sense of DNA and Protein Sequences
L ing Genes in Human DNA
HCEI . Identification of Disease Genes
Enhanced Field Guide Field . Correlating Disease Genes and Phenoypes
Exploring sequences. genomes and souctres  Gud de . BLAST Quick Start
. EntrezGene Quick Start
| Course Description . Structure Analysis Quick Start
online . MapViewer Quick Start
Registration . GenBank Quick Start
X v 0. Entrez Quick Start
i PowerTools NCBI
R ATRER Technical Workshop
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Guide oV

For More Information...

E-mail addresses:

*General Help info@ncbi.nim.nih.gov
*BLAST Help blast-help@ncbi.nim.nih.gov

The (free!) NCBI Newsletter

http://www.ncbi.nih.gov/About/newsletter.html

The NCBI Handbook

Follow the link from the NCBI Home Page under “Hot Spots”

The NCBI Education Page

http://www.ncbi.nih.gov/Education/index.html|




