Entrez Quick Start

NCBI's Entrez is an integrated, text-based search and retrieval system for more

than 30 biologically-oriented databases. Entrez provides links to related records
within the same database and between other databases in Entrez. This course

will demonstrate how to:

- Obtain information about various database entries

- Search databases effectively using features such as Limits, Preview/Index
and History

- Filter search results

- Highlight search terms

- Access, download and save records in various formats

- Access related entries in the database and other databases

- Save search strategies and results

- Retrieve large amounts of data as a batch

- Select an option to automatically update and e-mail search results

These are some of the examples of searches you will be able to perform after
participating in this class:

- an organism and obtain its available data from the Entrez databases such
as the genome sequence, proteins and their homologs, expressed
sequences, Single Nucleotide Polymorphisms, etc.

- genes expressed in a particular tissue

- homologs among the annotated genes of several completely sequenced
eukaryotic genomes

- aligned sequences from a population, phylogenetic, or mutation study

- SNPs on a certain chromosome that change amino acid sequence and
have links to OMIM and structure databases

- articles that have free full text access

This course will cover databases such as PubMed, PubMed Central (PMC),
Taxonomy, PopSet, OMIM, Homologene, Unigene, and the Single Nucleotide
Polymorphism database (dbSNP). Some of the other databases are covered in
mini-courses such as GenBank QuickStart and Entrez Gene QuickStart.

The following handout includes the screen shots of the exercises demonstrated
in the class. The web page for the course is at
http://www.ncbi.nlm.nih.gov/Class/minicourses/entrez.html




Example 1:
I. PubMed, PMC, Taxonomy and PopSet

Perform a search for mammoth across all of the Entrez databases. Which databases
contain records associated with the term mammoth? Link to the mammoth literature
citations in the PubMed database. Identify the articles available free in PMC. Access
the article “The year of the mammoth”. What are the cited articles in this publication?
Download the abstracts of these articles. How many of them are available free in PMC?
Access publications of some of the authors of these articles.

Go back to the mammoth search in Pubmed. Display the PopSet links. Access the
record by Greenwood with PopSet ID 14090839. View the alignment in various formats.
Link from the record to the Nucleotide database. The sequence alignment of which
gene is studied in this PopSet? Display the Taxonomy Links for the PopSet and list the
organisms covered.

Access the Taxonomy record for Mammuthus primigenius. What is the origin of the
mammoth’s specimens for some of the sequences reported in the Entrez databases?
What is the lineage for mammoth? Which are the three major divisions of cellular
organisms? Which of these has the highest number of entries in the “Structure”
database?

II. OMIM, UniGene and Homologene

Perform an unlimited search for cytochrome c oxidase in the OMIM database. Repeat
the query for “cytochrome c oxidase” as a term. Which search is more restrictive? Limit
the retrieved entries only to those with gene location on chromosomes 4, 6 and 19. How
many records have you retrieved? What is the chromosomal location of gene COX7A1
(OMIM record 123995)? Note the information about muscle and liver isoforms. Are there
any known disease phenotypes (allelic variants) associated with the COX7A1 gene?
Access the UniGene links from this record. Examine the expression profiles of the two
genes. What do you conclude from the expression profiles? Access the Preview/Index
page. Search for the UniGene records that have expression evidence of at least 100
ESTs? How many of these UniGene records are from mammals? Sort the records by
organism.

Access the HomoloGene database and perform a search for records relating to COX
genes (Preview/Index—gene name and use cox* as a query). How many records do you
retrieve? Are COX7Al and COX7A2 members of the same HomoloGene group?

Are all COX genes equally conserved in evolution? What are their common ancestors?
Are there any COX genes that are conserved throughout the superkingdom of Eukaryota
(Use the Preview/Index page—ancestor-- (Taxonomy ID: 2759)? Display the taxonomy
tree for organisms included in the HomoloGene COXL1 record.

[ll. dbSNP

Access the SNP database and select its Limits page. Check the appropriate boxes to
allow selection for human nonsynonymous SNPs in the coding regions of chromosome
22. Add two more requirements that the SNP has an OMIM link and is associated with a
structure. Retrieve and download the Ul List for these records. Use the saved file to
retrieve the records with the Ul List in Batch Entrez.
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{(Mammuthus primigenius) and its relatives.

Greenwood, A.D., Lee F., Capelli,C., DeSalle,R., Tikhonov,A., Marx P.A., MacPhee R.D.
Mol. Biol. Evol. 18 (5), 840-847 (5 2001)
“Wiew citation in Publded
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Entrez Tools 70 CoreNucleotide records

Check sequence
revision history

LinkOut
My NCBI {Cubby) What is this?
HRE‘»‘\E!FEU [Enijees The Nucleotide database has been recently divided into three databases:

+ CoreNucleotide contains all Nucleotide records that are not in EST or GSS. They are of interest to most users.
Reference sequence
project s EST contains only Expressed Sequence Tag records.

+ GSS contains only Genome Survey Sequence records.
Search for Genes

The new databases help you focus on the types of sequences that interest you. You can search them directly with the Search dropdown box above.

Submit to GenBank
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Procavia capensis clone Pc10 endogenous retrovirus ERV-L pol gene, partial sequence
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P_ gsm &E:"mg £9 endogenous retrovirus ERV-L pol gene, partial sequence
BlBioAssay Links 1|AF312206[14091007]
PubChern Compound Links
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PlpopSet Links r8 endogenous retrovirus ERV-L pol gene, partial sequence
giProbe Links 1|AF312205[14091006]
Protein Links
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PiGene Genotype Links £7 endogenous retrovinus ERV-L pol gene, partial sequence
jiStructure Links 1|AF312204[14091005]
UniGene Links 3
O8: AunisTs Links ~||ports Links
Procavia capensis clone Pc6 endogenous retrovirus ERV-L pol gene, partial sequence
£i[14091004|gb|AF312203.1|AF312203[14091004]
O6: AF312202 Reparts Links

Procavia capensis clone Pc5 endogenous refrovirus ERV-L pol gene, partial sequence
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7 2N cavia capensis (cape rock hyrax), species, mammals Links

3: Loxodonta afficana (Aftican savanna elephant), species, mammals Links
[T 4: Elephas mazinmus (Asiatic elephant), speciss, mammals Links
[T 5: Trichechus manatus (Cartbbean manatee), species, mammals Links

Display | Summary =lshow[20 =l[sendte =]

Taxonomy
Browser

PubMed Nucleotide Protein Genome Structure P ‘axonomy Books

Search for as |complete name ¥| W lock
Display levels using filter: | none

= .Mammmﬁ.nnmmemus Entrez records
T D: 37349 Database name Direct links
e . Nuckeotide 145
woolly
Rank: species Protein 81
Genetic code: Translation table 1 (Standard Genome Sequences 1
Mitochondrial genetic code: Translation table 2 (Vertebrate Mitochondrial =
Orher names:
Popset 9
common name: mammoth
PubMed Central 12
Lineage( full )
cellular organisms; Eukarvota; Fungi’ \Ietazoa group; Metazoa; Eumetazoa; Bilateria; Coelomata; Deuterostomia; Chordata; Craniata; ’\ Vertebrata; Taxonomy
Gnathostomata; Teleostomi; Eutel i; Sarcoptervgy; Tetrapoda; Amniota; Mammalia; Theria; Eutheria; Afrotheria; Proboscidea; Elephantidae; —_—
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Comments and References:

extinct
This taxon is extinct.

Genome Information

| Trace records (raw single-pass reads of DNA sequence)

[ Center name

Record counts per type

|C CGB - Center for Comparative Genomics and Bioinformatics, PennState University, USA

[Total

External Information Resources (NCBI LinkOut)

[Linkout [Subject

[LinkOut Provider

[Mammuthus primigenius taxonomy

Arctos Specimen Database

|)-[ammuthus primigenius

‘ Global Biodiversitv Information Facility

|_\[ammuthus primigenius taxonomy ‘he{bar‘mn-“musmm collections

Museum of Vertebrate Zoology

Notes:
Groups interested in participating in the LinkOut
A list of our current non-bibliographic Link
To see LinkOut links in this lineage cli

@im should visit the LinkOut home page.
oviders can be found here.

Information from seq

Show organism modifiers

-

Organism modifiers

To hide organism modifiers click here

isolate

33,000 year-old woolty mammoth [1 1]
Eng. Creelc. AS [1 1]

Chekurovka [1 1]
Eng.Creek B[22 1]

The Khatanga mammoth (>50000 years
bp, Siberia) [1]
alaska8460 [2]

Engineer Creek [1 1]

Wrangel Island 2 [1 1]

Eng.Creek.A[221]
Eng.Creek.B3[11]

The Yuribei mammoth (9700 yrs bp,
Siberia) [1]
chekurovkam [1]

Eng.Creek.A3 [1 1]
Eng.Creek.B5 [1 1]

‘Wrangel Island 1 [1 1]

Taxonomy
Browser

PubMed Nucleotide: Protein

Search for as | complete name | ¥ |ock
Display levels using filter: |none

Mammuthus primigenius

Taxonomy ID: 37349
Genbank common name: woolly mammoth
Rawnk: species

Genatic code: Translation table 1 (Standard
Mitochondrial genetic code: Translatio;
Other names:

Tertebrate Mitochondrial

common name: mammoth

Lineagef full )

Gnathostomata; Tel

Genome Structure

Mammuthus

Taxonomy

Books

Entrez records

Database name Direct links
Nucleotide 145
Protein 81
Genome Sequences 1
Popset 9
PubMed Central 12|
Taxonomy 1
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Browser
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< NCBI
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rotein ™ structure " Genome Sequences ™ I Popset T
I” 3D Domains ™ Domains [ GEO Datasets [© GEO Bxpressions [T UniGene I UnisTs " PubMed Central
o o ™ Mapview ™ Linkout ™ BLAST " TRACE

Lineage (full): root

cellular organisms Click on organism name fo gef more information

o Archaea

o Crenarchaeota (eocytes)
» Thermoprotei
+ unclassified Crenarchaeota
» environmental samples

o Emryarchaeota
+ Archaeoglobi
« Halobacteria

Taxonomy
Browser

tructure

Search for l_ lock  Go
Display | 1 levels using filter: Inone
™ Mucleotide T Protein ™ _Structure ™ cenome Sequencesr | FPopsat |
[ 30 Domains T Domains ™ Y Dt = BED Expressions ™ Unicens I UnisTs T PubMed Central
n r ™ ap ™ Linkout ™ BLasT " TRACE

Lineage (full): root

+ Archaea
* Bactena (eubacteria)

* Fukarvota (eucaryotes)

Taxonomy
Browser

Publed Nucleotide Protein Genome Structure A Taxonomy Books

Search for as |complete name ¥| W lock
Display levels using filter: | none

I™ Muclectide l' Protein W structure I Genome Sequences I "' Popset '
I” 3D Domains [ Domains u I" GEO Expressions I UniGene I™ unisTs ™ PubMed Central
u L] ™ WapView ™ Linkout " BLAST I~ TRACE

Lineage (full; root

o cellular organisms 38224 Click on organism name to gst more information

+ Archaea 1612
+ Bacteria (eubacteria)
» Eukarvota (eucaryotes)

Taxonomy
Browser

Publed Protein Genome Structure A xonomy Books

Search for as |complete name ¥| W lock
Display levels using filter: | none

I™ Muclectide l' Protein W structure I Genome Sequences I "' Popset '
I” 3D Domains [ Domains u I" GEO Expressions I UniGene I™ unisTs ™ PubMed Central
u L] ™ WapView ™ Linkout " BLAST I~ TRACE

Lineage (full; root

o cellular organisms 38224 Click on organism name to gst more information

o Archaea 1612
+ Bacteria (eubacteria) 14,586
+ Eukarvota (eucaryotes) 22,267
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™ 4:#604377
CARDIOENCEPHALOMYOQPATHY, FATAL INFANTILE, DUE TO CYTOCHROME ¢ OXIDASE DEFICIENCY
Gene map locus 22q13
M5-¥123864
CYTOCHROME ¢ OXIDASE, SUBUNIT IV, ISOFORM 1; COX411
Gene map locus 16g22-gter
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OMIM D
= Hopkins
Online Mendelian Inheritance in Man % S University

All Datab Pubhed Protein e ure FRIC ; OMIM
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Search | Dbl i forl Go | Clear |

| Limits | previewindex | wistory | Ciiphoard | Detaits |

Display | Detailed r|show|20 v|[Sendto  +|
|l 1

*516030 GeneTests, Links
COMPLEX IV, CYTOCHROME ¢ OXIDASE SUBUNIT I: MTCO1

Alternative titles: symbols

CYTOCHROME ¢ OXIDASE I; COI

TEXT
DESCRIPTION

Cytochrome ¢ oxidase subunit I (COI or MTCO1) 15 1 of 3 mitochondnal DINA (mtDINA) encoded subunits (WTCO1,
WMTCO2, MTCO3) of respiratory Complex IV, Complex IV 15 located within the mitochondnal inner membrane and iz
the third and final enzyme of the electron transport chain of mitochondnal omdative phosphorylation. It collects electrons
from reduced cytochrome ¢ and transfers them to oxygen to give water. The energy released is used to transpott protons
cross the mitochondrial inner membrane. Complex IV 15 composed of 13 polypeptides. Subumts I, IT, and ITT
CO1, MTCO2, MTCO3) are encoded by mtDIA while subunits TV, Va, Vb, V1a, Vb, Ve, Vla, VIIb, Vo
d VI are nuclear encoded (Kadenbach et al . 1983: Shoffher and Wallace, 1995). While the mammalian Comple
TV has a complex structure, several prokaryotic ensyme systems have the same catalytic functions, but are much simpler.

Complex [ Complex IT Complex 11T Complex IV Complex ¥
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Inte rmembrang
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memhiEng o ' AT LY RY A8
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1 O o
20z 2H* H
O e Chytoc hwomes ¢ oxidase
Succinate Cyochrome bel complex (bovine )
(hovine )
HADH dehydrogenas
E [ NDL [ ND2 [ ND3 | ND4 [ NDAL| NDS [ NDé |
E [Maufsl | Haussz | Hauess [ Hautsd [ Hauss | Nt [ Haute? | Havess [ Hausrl | Haurvz] Haues] 00
ADF Fi IH*  ATP HeO
Bia [ Huod | HuoB | Moo | HuoD | HuoE | NuoF [ NuoG | MuoH | Nuol | Nuol [ MuoK [ HuoL [ HuoM [ NuoN | ?
demwil
BiE [ ManC | Mank | Man] | N4nH | Nha | Nahl | Naho | N4hE | NahF | NehD | NahB | NABL | NA4hM | NAnM | HoxE | HoxF | Hoxd | [36.11]
Succinate delsalrogenass ¢ Fumarate reductase P P1

e
Eia| BdhC SdhD Sdha SAhB

Fild | FrdB FrdC FrdDr

Cytochrome © peductase

EEa[ 18F | Cnb | Gwel

B [ coRi [ QCRE] QCRE [ QCR7 [ QCRS | QCRS [QCRLD|

Cryrtochrome ¢ oxidase —
E [coxin] [Coxs [ COXL | COXE | COXM |COREA|COXEE |00 KeA| COKEB | COREC| COXTA] COXTE |COXIC] COKS
!

Bia[ C3oE | CwoD | Cwc [ CwE | Cod
CoxD | CoxC | Coxa | CoxB
Py P

Figure from KEGG Oxidative phosphorylation - Reference pathway (KO)
http://www.genome.jp/dbget- in/show_pathway?ko00190+ko0:K02270
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™ 6:£607426 GeneTests,
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Gene map locus 8pl33. 6921 4921.922
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123995 m
CYTOCHROME ¢ OXIDASE, SUBUNIT Vlla, POLYPEPTI( Gene

b GEQ Profiles
b HomoloGene

Alternative titles: symbols |
F Free in PMC

CYTOCHROME ¢ OXIDASE, SUBUNIT Vila, MUSCLE ISOFORM| PUhe (esleuated:
PubMed {cited)

b Gene Genotype
Gene map locus 19412 P GeneWiew in dbSHP
b UniGene

TEXT I Relat:
b Mucleotid
b Protein

DESCRIPTION b Linkout

Cytochrome ¢ omdase (OO, EC 1.2.3.1), the last component of the mitochondrial respiratory chain,
catalyzes the transfer of electrons from reduced cytochrome © to molecular oxygen. In mammals, the
apoprotem 13 composed of 3 large catalytic subunits, encoded by the mitochondnal genome (516030,
516040, and 5160507, and by 10 smaller, nuclear-encoded subunits which may play a regulatory role.
Subunit WTa of marnmalian COZ exists in at least 2 isoforms, liver (see 123996) and muscle. g
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DisphylSummary ShowlSod by |Sendt0
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Items 1-2of 2

[C1: Hs42162

COX7AlL: Cytochrome ¢ omdaze subumt VIa polypeptide 1 {muscle)
Heomo sapiens, 262 sequence(s)

O2: Hs. 70312

COX7A2: Cytochrome ¢ omdase subumt VIa polypeptide 2 (iver)
Hemo sapiens, 710 sequence(s)

Structure

Pratein Genome Struct
SearchIUmGene I ‘

Limits Preview ndex Histary Cliphoard Details

UniGene Hs 421621 Homo saplehs COXTAT

Cytochrome ¢ oxidase subunit Vlla polypeptide 1 (muscle) (COXTA1)

SELECTED PROTEIN SIMILARITIES
of & gene.
H. saplens pIrOSHUTA - OSHUTA cytochrome-c oxidase

precursor
R norvegicus pirs13099 - 513099 cytochrome-c oxidase

Comparson of sequences In UniGene with profeing sumnorfed by & compieie genome. The alighments can suggest funciion

M. museuils  spiPEREIY - COXK_MOUSE Cytochrome © oxidase polypeptide Vla-heart, mitochondrial

100.00 % /79 aa
(see ProtEST)
273 STT aa
(see ProtEST)
5333 %/ 75 aa
(see ProtEST)
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GENE EXPRESSION

Tlasles and development stages from this Gene's SEqUEnces SIvey gene expressian. Links fo other NGB! expression
FES0UNCES.

Restricted Expression: muscle [Show rore like this

Expression Profile; View expression levels using UniGene's EST Profileviewer
[Show more entries with profiles like this]

Hote Highly represented (1.4 pct) in cDMA library dbEST: 14148, HM3/RH2
Mote Highly represented (1.2 pct) in cONA library doEST 384, HM1.
GEO profiles: Gene expression profiles in the NCBI Gene Expression Omnibus database

COMNA SOUrCEs: muscle ; heart | prostate ; mixed ; brain; other ; uterus ; uncharacterized tissue ; Kidney | pituitary
gland ; pancreas ; embryonic issue ;| parathyroid | vascular ; splgen ; eye | colon; tongue ; lung ;

thyroid ; umbilical cord ; skin ; parathyroid gland ; bone

MAPPING POSITION

Genamic focation specified by transeript mapning, radiation Rybrid mapping, genetic mapping or cytogenetic mapping

Chromosome: 148

CytoGenetic map: 199131

UniSTS entry, Chr19 RHS3345 tagiew
Expression profile suggested by analysis of EST counts. L]
Hs 421621- COX7A1: Cytochrome c oxidase subunit Viia polypeptide 1 (muscle)
See Legend
Note: Please mouseover the Tissue criterion to view complete details
Breakdown by Tissue

Hs 421621
adipose tissue 0 0/12641
adrenal gland 0 0132737
ascites 0 0/39840
bladder 0 0729029
blood 0 0/118824
bone 14 - 1171212
bone marrow 0 0147557
brain 9 - 97929741
cervix 0 0147067
cochlea 0 0/15805
colon " - 2176351
connective tissue 0 01147722
cranial nerve 55 - 1118050
embryonic tissue 10 - 21194498
esophagus 0 0119661
aye 25 - 51197979
heart 217 - 19/87179
kidney 28 - 61208158
larynx 0 0722490
liver 0 017203135
lung 3 11330072
lymph 0 0744051
lymph node 0 0189251
mammary gland 0 0 /146592
mouth &0 - 4185837
muscle 1450 154 /105522
nerve 0 01715513
ovary 0 0/99309
pancreas 14 - 3 /211890
parathyroid 148 - 3/20153
pharynx 0 0140462
pituitary gland 185 - 3716191
placenta 0 01274038
prostate 54 - 10 /1182408
salivary gland 0 0419977
skin 5 11194123
small intestine 0 0744587
spleen 18 - 1153176
0 0794175

<=

NCBI
Pubmed

EST Profile Viewe
Protein

UniGene
! tide

Structure

Search YniGene v”

[eo]

Limits Index History Details

Expression profile suggested by analysis of EST counts.
Hs.421821- COXFAL: Cytochrome © oxidase subunit vila polypeptide 1 (muscle)

See Legend
Noter Piease mouseover the Tissue criterion to view complete details

Breakdown by Tissue

Hs. 421621
blaod 0 a/111420
bone 13 - 1472260
bone marrow 0 0748827
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Example 2:
I. PubMed, PMC, Taxonomy and PopSet

Besides mammoth, how many other extinct organisms have data available in the Entrez
databases? Go to the Preview/Index of the Taxonomy database, select the “Properties”
field and from its index “Extinct”. These records can be combined with the “Filter” that
limits the search to those taxonomy records that have links to PubMed Central (PMC).
The resulting search phrase:

"extinct"[Properties] AND "taxonomy pmc"[Filter]

Select the Emeus crassus entry. What is the origin of eastern moa’s specimens that
have their sequences reported in the Entrez databases? What is the lineage for this
organism? Link to the PMC database and access the publication on giant moas. Link to
full text of the article published by Baker et al., and from there to the figures and tables of
the article, if you are interested in the appearance of these extinct birds.

Return to Taxonomy and from there link to the PopSet database. In the record
submitted by Lambert DM, several ancient organisms were compared. Which gene was
used in the sequence comparison? From the PopSet record link to the Nucleotide
database. List all the organisms studied in this PopSet. Select the Emeus crassus and
Dinornis robustus nucleotide records and temporarily save them on the Clipboard.

II. OMIM, UniGene and Homologene

Perform an unlimited search for records relating to cholesterol transport in the OMIM
database. Repeat the query for “cholesterol transport” as a term. Which search is more
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restrictive? Limit the retrieved entries only to those with gene location on chromosome
22. How many records have you retrieved? What is the chromosomal location of the
gene APOL1 (OMIM record 603743)? How many APOL genes are clustered on
chromosome 22? From the APOL1 OMIM record link to the UniGene database.
Compare the expression profiles of the APOL1 and APOL2 genes focusing on the
developmental stage. What do you conclude from the expression profiles?

Perform a search for those UniGene records with the expression restricted to “adult 17
years old”. Combine the result of the search with the six records that you have obtained
through the OMIM link. Which three members of the APOL gene family have expression
restricted to adults? Is the evidence strong for all of them?

Search the HomoloGene database for records relating to APO genes (Preview/Index—
Gene Name). How many records have you retrieved? Are all apolipoprotein genes
equally conserved in evolution? What are their common ancestors? Which of these
genes are conserved in placental mammals (Eutheria, Taxonomy ID 9347).

Display the taxonomy tree for organisms included in the record containing human
APOLG6 homologs.

[ll. dbSNP

Access the SNP database and select its Limits page. Check the appropriate boxes to
allow selection for SNPs at the splice site of human chromosome 22. Sort the list by
organism. Retrieve and download the Ul List for these records. Use the saved file to
retrieve the records with the Ul List in Batch Entrez.

Course developed by:
Majda Valjavec-Gratian (gratianm@ncbi.nim.nih.gov) and
Medha Bhagwat (bhagwat@ncbi.nlm.nih.gov)
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