Entrez Exercises
Global Query: Controlled Vocabularies and Limits
Type the word “cancer” in the search box on the NCBI homepage and run the search. 
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This query returns results in all of the Entrez databases. However the query is interpreted differently in different databases.  
PubMed
Retrieve the result for the PubMed database. Click the “Details” tab to see how the query was interpreted in this database. 
Notice that the term cancer was translated to the Medical Subject Heading (MeSH) term “neoplasms” ("neoplasms"[MeSH Terms]).
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MeSH is a controlled vocabulary that is used to index all articles in PubMed.  In the details box, edit the query to remove the portion that searched for cancer as a text word and run the search. Notice that the number of articles retrieved has changed. These will be a more relevant set of results. 
You can force the PubMed engine to only search the MeSH vocabulary or specify any other indexed field through the “Limits” tab. 
Use the Web browser’s back button to return to the Global query page and retrieve the PubMed results again. Now click on the “Limits” tab. Select “MeSH terms” from the first drop-down menu, the one headed by “All Fields”.
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Now run the search with the limit in place and check the “Details” tab to verify that only the MeSH term translation was used.
Nucleotide
Use the Web browser’s back button to return to the Global query page. Retrieve the results for the nucleotide database. Click the “Details” tab to see how the query was interpreted for this molecular database. 
In this database, the term cancer was translated into the crustacean genus name Cancer ("Cancer"[Organism]). The organism field stores NCBI’s taxonomic classification for the source organism for the record. This is the most important controlled vocabulary for the bio-molecular Entrez databases.  In this case, this translation has an unintended consequence of retrieving unrelated records.
In the details box, edit the query to remove the portion that searched for cancer in all fields so that you are just performing a search with "Cancer"[Organism] and run the search. 
This retrieves all of the nucleotide sequences for the genus Cancer. As you did with PubMed and the MeSH terms, you can use the “Limits” tab in the bio-molecular databases to restrict your search with the organism translation.
Taxonomy

Finally, retrieve the single result for the taxonomy database and click on the linked name. 
This takes you into the taxonomy browser and allows you to see all entries for the genus Cancer.  You can check the boxes at the top to see the number of records from this genus in the various bio-molecular databases. (You must click the “Display” button to see the numbers.) These numbers are hyperlinks that will retrieve the records from the databases. The taxonomy database and browser are very useful as a global query for organism names in the bio-molecular databases.
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Nucleotide: Zebrafish estrogen receptor 
Zebrafish nucleotide sequences

Perform a nucleotide search to retrieve all zebrafish sequences. Use the “Limits” tab to select the “Organism” field to force the translation to an organism search as in the first exercise. 
Limits: the Properties field

You can now use the “Limits” to eliminate certain types of sequences from your results. 
Click on “Limits” and use the checkboxes to remove the EST sequences from your results. Check the box next to “exclude ESTs” and run the search. 
Notice the large reductions in the number of results; the majority of zebrafish sequences in GenBank are EST records. 
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Click on the “Details” tab to see how Entrez managed this query. 
Notice the term “NOT gbdiv_est[PROP]”.  PROP is the abbreviation for the Properties field. 
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The Properties field terms are a controlled vocabulary for classifying sequence records. These terms are somewhat cryptic, but they are very helpful. Three useful types are the biomol, gbdiv and srcdb sets. The biomol terms classify records based on the type and origin of the molecule, for example biomol mrna or biomol genomic. The gbdiv sets of terms index records by the GenBank division code; gbdiv est, gbdiv pri, gbdiv htg and so on. The srcdb terms classify records based upon their database of origin. For nucleotide records these could be GenBank, EMBL, DDBJ, RefSeq or PDB (gbdiv genbank, gbdiv embl, gbdiv ddbj, gbdiv refseq).  Many of the available filters on the “Limits” tab are managed through the Properties field terms.
Preview/Index: adding terms to query
Return to the nucleotide search results. Go into “Limits” again and use the “Molecule” drop-down menu to select mRNA and run the search. 
The results now contain all non-EST zebrafish mRNA sequences from the primary databases and the RefSeq database. 
Click on the “Preview/Index” tab. 
At the bottom of the “Preview/Index” page, is a search box with a drop-down menu that allows you to add terms to your search and restrict to certain fields if you like.  
Now, type “estrogen receptor” in the search box.
Although the vocabulary used is not strictly controlled, the name of a gene or gene product is generally in the title of a record.  The title is displayed in the “Summary” view in Entrez and is identical to the DEFINITION line in a record in GenBank format.  Select “Title” from the drop-down menu to the left of the search box and click the “Index” button. This checks the index for the “Title” field for records having “estrogen receptor in their titles. A list containing term estrogen receptor and its expansion is now displayed with the number of records for each term.
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Select “estrogen receptor” from the list and add it to the search by clicking the “AND” button. Then run the search.
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The results contain records from GenBank / EMBL / DDBJ and NCBI’s RefSeq database.  The RefSeq records are easily identified by their characteristic style of accession numbers. Retrieve the RefSeq record for the zebrafish estrogen receptor 2a mRNA (NM_180966). (Zebrafish have two distinct esr2 genes; mammals apparently have only one.) This RefSeq contains sequence data derived from a traditional GenBank record, but also has additional annotations and cross references added by the NCBI RefSeq staff. Unlike many primary database records, this RefSeq record will be updated and maintained as the state of knowledge about the biology of this gene and organism advances.
Finding the genomic sequence

Click on the “Links” pop up menu in the upper right of the record.
A number of links are displayed. For mouse, rat and human Reference Sequences you could link directly to the assembled and annotated genome in the Map Viewer.  However, NCBI does not yet have an assembly of the zebrafish genome. There are a number of finished BAC clone sequences from the zebrafish genome project that are available in Entrez.  You can use the “Related Sequences” feature of Entrez to find a BAC clone that contains the exons of this gene. 
Follow the “Related Sequences” link.
[image: image9.png]e Edt Vew

G Bookmarks

Tools  Help

o3
HS‘xNucleotide

Search [ Nucleotide

Limits

Nusle

| for

Preview/index

¥t

Display | [default

=] show:[20 7|

Sendto | [File

|

Go | Clear

History Cliphoard

GetSubsequence | Features |

I~ 1: 1M 180966, Danio rerio estro...[gi31340676]

Locus
DEFINITION
ACCESSION
VERSION
KEYVORDS
SOURCE
ORGANISH

_150966
Damia rerio
_180966

_180966.2

Dania rerio
Damio rerio

3111 bp  mRNR

Linear

estrogen receptor 2a (esrza), WRNA.

61:31340676

(zebratish)

VRT 06-HAY-2004

Taxanomy

Details

» Gene
» Related Sequences
» Protein

» Taxonomy
» UniGene

» UnisTS
» Linkout





This provides a list of nucleotide sequences that are related by BLAST similarity. Similarity scores are precomputed between all sequences in the database. The related sequences list is ranked in order of decreasing BLAST score. For the nucleotide database, the significance threshold is very stringent, so that it is unusual to see nucleotide sequences from other species in the list.  Therefore, the nucleotide related sequences link is often a useful as a way of collecting all sequences for a particular gene and its products from one species. Often you can’t easily collect all of them using a text search because of inconsistencies or errors in the annotation. 
You should find the sequence from BAC clone DKEY-274C14, accession BX255911, in the list of related sequences. Retrieve this record through the linked identifier. 
This is a typical finished BAC clone from a genome project. Notice that this is the eighth version of this record. In previous versions, this was a draft sequence in the high throughput genomic (HTG) GenBank division. You can see all versions of the record by searching with a earlier version number, for example, BX255911.2.   The revision history for this record shows all the forms it has taken in the Entrez system. 
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The revision history also shows the gi number and accession.version number changes. These identifiers change together and only when the sequence itself changes. Other non –sequence changes can be made that do not affect these identifiers but are reflected in changes in the “Update Date”.

The current version of BX255911 is no longer a draft sequence but is in the traditional vertebrate (VRT) division of GenBank.  In contrast to typical traditional GenBank records, BX255911 has almost no biological annotation. 
Examine the feature table of the record and verify that the estrogen receptor gene is not annotated there. 
Clearly, you could not have found this record using a text search for estrogen receptor.
Making a gene model

You can use the mRNA sequence and the genomic clone sequence to produce a gene model for the estrogen receptor. The NCBI utility Spidey will align mRNA to genomic sequence using consensus splice sites to constrain the alignment. Spidey is available at the following URL:

http://www.ncbi.nlm.nih.gov/spidey/
Load the Spidey page in your Web browser. Type or paste the genomic accession (BX255911) in the upper text area on the form, and type or paste the mRNA accession (NM_180966) in the lower text area. Press the “Align” button to run the program. 
The entire esr2b gene is contained on this BAC clone. 
Protein

MLH1 is the product of a well-known human disease gene that is mutated in some heritable cancer syndromes.

Use the global query to retrieve the Swiss-Prot record for human DNA mismatch repair protein MLH1. To save time, you can retrieve it directly using the accession, P40692.   
Of course, you could perform a global text search for mlh1, retrieve the protein results, then use the “Limits” tab as you did with the nucleotide searches to get more precise results.  
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P40692 is a record imported from the Swiss-Prot database. Swiss-Prot is a small database of highly informative protein records. Many of them are equivalent to review articles on a particular protein. The present record has a large amount of information on the biology of MLH1 including a large list of polymorphisms. 
Examine the FEATURES table of the record and locate several of the polymorphisms in the first 50 residues of the protein.
FEATURES             Location/Qualifiers

     source          1..756

                     /organism="Homo sapiens"

                     /db_xref="taxon:9606"

     gene            1..756

                     /gene="MLH1"

                     /note="synonym: COCA2"

     Protein         1..756

                     /gene="MLH1"

                     /product="DNA mismatch repair protein Mlh1"

     Region          28

                     /gene="MLH1"

                     /region_name="Variant"

                     /note="P -> L (in HNPCC2). /FTId=VAR_004433."

     Region          32

                     /gene="MLH1"

                     /region_name="Variant"

                     /note="I -> V (in dbSNP:2020872)./FTId=VAR_014876."

     Region          35

                     /gene="MLH1"

                     /region_name="Variant"

                     /note="M -> R (in HNPCC2). /FTId=VAR_004434."

     Region          37

                     /gene="MLH1"

                     /region_name="Variant"

                     /note="E -> ELNH (in endometrial cancer; somatic).

                     /FTId=VAR_004435."
Several of these polymorphisms are annotated with the name of a disease or syndrome, for example, hereditary non-polyposis colorectal cancer type 2 (HNPCC2).  There is also a polymorphism at position 32 that is cross-referenced to NCBI’s dbSNP.  In the following sections, you will use some of the pre-computed Entrez relationships to map these polymorphisms onto a 3D structure. 
Links: Related Sequences

The protein record has a “Links” pop-up menu similar to that on the nucleotide record you saw previously. There are also two other hyperlinks; BLink, providing a pre-computed protein BLAST search against nr, and Domains, providing a pre-computed conserved domain analysis of the protein:
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Display the “Links” pop-up menu and follow the “Related Sequences” link. 
The resulting display is a list of similar sequences in arranged in descending order by BLAST score as with the nucleotide “Related Sequences”. Unlike the nucleotide “Related Sequences”, the protein similarities typically do find sequences from other species. How exactly the protein sequences in this list are related to the sequence in P40692 is not easily seen. Some of these proteins are identical to P40692; some are very similar over the entire length, some share only a domain in common. All that the list tells you is that the sequences are significantly related. Although it isn’t obvious, the first several proteins are, in fact, identical sequences. Included in that set are corresponding records representing this human protein from five different sources; Swiss-Prot, PIR, PRF, RefSeq and more than one translation of a GenBank/EMBL/DDBJ sequence.  The inclusion of records from outside protein databases plus our own RefSeq database results in a high degree of redundancy at the sequence level in the protein data. The records themselves are not redundant, however, since the annotation on the records is different.  When creating a BLAST database and for BLink, identical sequences are represented as a single sequence. The non-redundant database is about 50% smaller than the entire Entrez protein database.
Change the “Show “drop-down menu to select 500 records. Press the “Display” button to update the page. Scroll through the list to see records from other species.

There are proteins in the list from a wide range of taxa: bacteria, green plants, protozoa, multicellular animals. Although the distance of a particular protein from the top of the list appears to approximate the evolutionary distance from human, keep in mind that some proteins in the list are fragments and may have low scores simply because they are short. You can find all of the proteins from a particular taxon in the list through the “History” tab. 

Click on the “History” tab.
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This is the protein search history that is maintained on our Web server. You can combine the entries in your history with other searches. For example, you can combine the entry for related proteins, called Protein Neighbors, with an organism query. 

Type the number of the entry in your history for the Protein Neighbors in the search box followed by an organism search for mouse. For example

#2 AND mouse[Organism]

Run the search.

There are several proteins from mouse in the related sequences that are now displayed. Since the related sequences search is combined with another Entrez search, the sorting order is lost.  The mouse proteins are listed in arbitrary order, not by their BLAST score with the human MLH1. The BLink option makes it much easier to find homologs in other species and to see alignments themselves.
Links: Finding a related structure

Previously you saw that there are a number of sources that contribute to the protein database. One source is the Protein Databank (PDB). PDB is a database of 3D biomolecular structures. NCBI imports these structures and makes them available in the Entrez system as the Structure database.  In addition, protein sequences are extracted from the structures and entries are created in the protein database. This makes it easy to find a structure for a particular protein or a homolog if one exists.  Several related proteins in the MLH1 example are PDB entries and have links to the structure database.
Use the browser “Back” button or the “History” tab to return to the list of related sequences to P40692.  Use the “Display” drop down menu to select “Structure Links” and press the “Display” button to refresh the page.
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The new set of results that is displayed contains structure records. Notice that the graphic at the top of the page has changed, and you are now in the Entrez structure database. As with the previous example, the sorting order is lost. Several of these are structures of bacterial DNA mismatch repair proteins. 

Retrieve the structure summary for 1B63 by clicking on the linked identifier.
The structure summary page shows a graphic representing the biomolecular chains in the record with the 3D domains and conserved domains mapped onto the chain. 

Display the structure by clicking the ”View 3D Structure” button. 
In order to display the structure you will need to have the NCBI structure viewer, Cn3D installed. Follow the hyperlink labeled “Get Cn3D” and follow the instructions to install the viewer. 
This is the X-ray crystal structure of the N-terminal portion of the MutL DNA mismatch repair protein from E. coli. The default display in Cn3D shows the alpha carbon backbone of the protein colored by the type of secondary structure; alpha helices are green, beta strands are tan, and random coil is blue. There are also 3D objects representing the helices and strands.  You can rotate the structure by dragging it with the mouse pointer while holding down the left mouse button. Holding the Shift key down will allow you to move the entire structure by dragging it with the mouse pointer.
You can modify the way the structure is rendered through the “Style” menu of the viewer. 
Use the “Coloring shortcuts” on the “Style” menu to color by Domain. 
The color scheme matches that on the structure summary Web page. The purple domain corresponds to the 3D domain also identified as a histidine kinase-like ATPase domain.  This domain contains many of the protein polymorphisms associated with disease.
Use the “View” menu to zoom in to the ATPase domain.

An ATP analog is co-crystallized in this domain. Oxygen atoms on the three phosphates of the ATP analog make close contact with a magnesium ion.  A side amino acid side chain completes the coordination sphere of this metal ion. You can turn on the protein side chains to identify this residue.

Now, use the “Style” menu on the viewer to open the “Global” style dialog box.
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Turn on the protein side chains by checking the checkbox on that line.  
You can alter the way the side chains are rendered using the corresponding drop down menu.
Press the “Done” button to close the “Style Options” dialog box.
Zoom in to the region of the protein near the magnesium ion and find the side chain that makes a contact with the metal ion. Double click on this residue to highlight it. 
You can identify the residue and its position by looking at the residue now highlighted in yellow in the sequence viewer.
BLink: non-redundant protein neighbors

Use the global query on the NCBI homepage to retrieve P40692 again and follow the BLink hypertext link.
BLink provides a way of viewing related sequences that is more like a standard protein BLAST output.  The top 200 non-redundant related sequences are shown. The source database for BLink is essentially the BLAST nonredundant protein database. This is the Entrez set with the biologically uninteresting patent sequences removed. At the top of the page, is a list of the sequences in the protein database that are identical to P40692. The graphic alignment shows the regions of the proteins that align to the query. The hyperlinked BLAST score shows the detailed alignment between the two proteins.
Click the “Best Hits” button to limit the display to the best protein match from each species in the list.
In many cases there may be more than one protein in the display from the same species, sometimes because of the presence of paralogous proteins or because of differences in the sequences from different sources for the same protein. You can easily identify the best protein match from the plant Arabidopsis thaliana.

Click on the BLAST score on the line containing the best Arabidopsis protein.
The new window shows the BLAST 2 Sequences alignment between the human MLH1 and the best match in Arabidopsis thaliana.  This is a highly significant local alignment that extends nearly the entire length of both proteins.
You can use the “Keep only” drop down menu to limit to various subsets of the protein data, for example PDB to find structures as we did with the Entrez related proteins. Another way of finding structures for related proteins is through the “3D Structures” button.

Click on the “3D Structures” button.
This displays the equivalent of a protein BLAST search against PDB. The protein from 1B63 that you looked at earlier is one of the aligned proteins. As before, the linked BLAST score will show the alignment in BLAST 2 Sequences. The blue dot next to the BLAST score will load the alignment into Cn3D.
Click on the blue dot on the line with 1B63 and then click the view 3D structure button on the “Related Structures” page.

The display now shows the 1B63 structure colored by sequence conservation from the alignment of the human MLH1 (bottom sequence) and the N-terminal sequence region of MutL (top sequence).  You can use the sequence alignment to map the human residues onto the E. coli protein structure. In other words, the human protein is assumed to fold up into a very similar structure; the sequence alignment is used as a proxy for the structural alignment. This is reasonable as long as the proteins are similar at the sequence level.  You can confirm the validity of this to some extent by verifying that structurally and functionally significant residues in the structure line up with corresponding residues in the aligned protein sequences.
Manipulate the structure in the viewer and use the view menu on the viewer to zoom in to the ATP binding site residue; the asparagine (n) at position 33 of the structure. Verify that this residue is aligned with an asparagine in the human sequence. 

You can now look at some of the polymorphisms reported in the FEATURES table of P40692 in the context of the structure of the protein. Notice that the isoleucine to valine change at position 32 of the human protein, which is not reported as associated with human disease, occurs on the side of the helix containing the ATP binding site residue that is away from ATP. In fact, the residue in that position in the E. coli protein is a valine.  A disease causing polymorphism in the human protein replaces the proline at position 28 of the human protein with a leucine. The proline in this position, which is conserved in E. coli, may be important in constraining the turn at the end of the helix
