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NCBI Exercises 6/20/2006

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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Limit your search by any of the following criteria.
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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.
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The Nucleotide database in the Global query is now three separate databases.
The two large bulk sequence divisions, the expressed sequence tags (EST) and
the genome survey sequences (GSS) are in their own separate Entrez
databases. The remaining sequence records are in the CoreNucleotide
database.
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Retrieve the results for the CoreNucleotide database by clicking on the link
at the top of the results. 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: those
from the crustacean genus Cancer, and those containing the term cancer most
often in the context of the disease.

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 to the Organism field and obtain only
the records from the crab genus.

Taxonomy
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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 prolactin

Zebrafish nucleotide sequences

Perform a nucleotide search to retrieve all zebrafish sequences in the
CoreNucleotide database. 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.
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Click on “Limits” and use the checkboxes to remove the high throughput
genomic (HTG or Working Draft) sequences from your results. Check the
box next to “exclude working draft” and run the search.
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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
(srcdb genbank, srcdb embl, srcdb ddbj, srcdb 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 mMRNA 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 “prolactin” 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 “prolactin in their titles. A list containing term prolactin and its
expansion is now displayed with the number of records for each term.



7 NCBI Exercises 6/20/2006
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Select “prolactin” 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 prolactin
mRNA (NM_181437). 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. The search
also retrieves a gene model RefSeq for the prolactin receptor (XM_685247). This
sequence has been predicted from analysis of the assembled zebrafish genome
using the NCBI gene prediction program called Gnomon.

Finding the genomic BAC clone sequence

Click on the “Links” menu in the upper right of the record.

A number of links are displayed. You can now link directly to the assembled and
annotated whole genome shotgun assembly of the zebrafish genome in the Map
Viewer. There are also a growing number of finished BAC clone sequences from
the zebrafish genome project that are available in Entrez. You can use the
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“‘Related Sequences” feature of Entrez to find a BAC clone that contains the
exons of this gene.

Follow the “Related Sequences” link.
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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-16P21, accession
BX511021, 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
ninth 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 in the revision history available through the reports link.
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The revision history for this record shows all the forms it has taken in the Entrez
system.
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Revision history for BX511021

Gl Version Update Date Status | Il
46200452 49 Apr 5 2004 12:43 PM Live Gt | C
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42820886 7 Feb 25 2004 11:07 P Dead ® | @ |
42733255 ] Feb 22 2004 1118 PM Dead IR
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21071334 2 Jul 1 2003 11:29 PM Dead ® | e
21071334 2 MWay 23 2003 11:13 P Dead ® | &
20910895 1 MWay 19 2003 11.07 P Dead ® | -8

Accession BXS11021 9 was first seen at NCEBI on May 19 2003 11:.07 P

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 BX511021 is no longer a draft sequence but is in the
traditional vertebrate (VRT) division of GenBank. In contrast to typical traditional
GenBank records, BX511021 has almost no biological annotation.
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Examine the feature table of the record and verify that the prolactin gene is
not annotated there.

Clearly, you could not have found this record using a text search for prolactin.

Making a gene model

You can use the mRNA sequence and the genomic clone sequence to produce a
gene model for the prolactin gene. The NCBI utilities Spidey and Splign will align
MRNA to genomic sequence using consensus splice sites to constrain the
alignment. Spidey is a fairly simple spliced alignment tool that produces good
results in uncomplicated cases. Splign is a more sophisticated tool capable of
producing alternative models. Splign is the tool currently used at the NCBI to aid
in genome annotation. The Spidey and Splign pages are available at the
following URLs:

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

http://www.ncbi.nlm.nih.gov/sutils/splign/splign.cqi

Load the Spidey page in your Web browser. Type or paste the genomic
accession (BX511021) in the upper text area on the form, and type or paste
the mRNA accession (NM_181437) in the lower text area. Press the “Align”
button to run the program.

The entire prolactin gene is contained on this BAC clone.



11

NCBI Exercises

) spidey — mRNA to genomic alignment {404908049) - Mozilla Firefox

Fle Edt Yew Go Bookmarks Took Help

=lolx|

6/20/2006

!

-
<3 NCBI

PubMed

Entrez

Spidey Home

OMIM

Spidey. =%

BLAST

¥ Structure

Genotnie: gi6200452]emb|BIT5 11021 9| Zebrafish DITA sequence from clone DEEY-16P21
in linkage group 3

mBITA: gi[312340660)ref[MI 181437 2| Danto renoe prolactn (prl), mRIVA

Alignment is on minvs strand of genomic sequence and on plus strand of mRITA secquence
mBITA coverage: 100%
Owerall percent identity: 97 6%
Mon-aligning poly(A) tal: 10

[

16204 m= = = 13205
S:c:'iﬁ;tes ?fj:dﬁates length  identity  mismatches  gaps ioenor i;;:'
Exen 1 16204-16285 1-32 82 98.8% 1 0 d
Exon 2 15948-16070 83-204 122 99.2% 1 0 d a
Exon 3 15728-15835  205-312 108 100.0% 0 0 d a
Exend  13338-13520 313-455 183 99.5% 1 0 d a
Exon 5 12301-13205 486-1386 901 96.6% 31 6 a
=
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 mih1, 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
smaller 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 M1hl"
Region 28
/gene="MLH1"
/region name="Variant"
/note="P -> L (in HNPCC2). /FTId=VARﬁOO4433."
/evidence=experimental
Region 32
/gene="MLH1"
/region name="Variant"
/note="1I -> V (in dbSNP:2020872) .
/FTId=VAR 014876."
/evidence=experimental
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Region 35
/gene="MLH1"
/region name="Variant"
/note="M -> R (in HNPCC2). /FTId=VARﬁOO4434."
/evidence=experimental
Region 37
/gene="MLH1"
/region name="Variant"
/note="E -> ELNH (in endometrial cancer; somatic).
/FTId=VAR 004435."
/evidence=experimental
Region 44
/gene="MLH1"
/region name="Variant"
/note="S -> F (in HNPCC2; the equivalent
substitution in yeast causes loss of function in
a mismatch repair assay).
/FTId=VAR _004436."
/evidence=experimental

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:

Display the “Links” pop-up menu and follow the “Related Sequences” link.
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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 at least four different sources; Swiss-Prot, 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 “Display “drop-down menu to show 500 records. 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
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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 modify the search to find all of the
proteins from a particular taxon through the “History” tab.

Click on the “History” tab.

¥ Entrez Protein - Mozilla Firefox =10l

File Edit Yiew Go Bookmarks Tools Help
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-- _ YT T e oo eeeeee F Sl

- NCBI @@ oeo %3 ee W PrOtE|n Sign In] [Renister]
All Databases Fubhed Nucleotide Protein Genome Structure FMC o oks

Search | Pratein v forl Preview | Go | Clear |

| W Limits [ Previews/ndex | History | Clipboard ] Details ]

About Entrez Field: Title, Limits: SWISS-PROT

* Search History will be lost after eight hours of mactivity.

* To combine searches use # before search number, e g, #2 AND #6

* Search numbers may not be continuous, all searches are represented. =
+ Click on query # to add to strategy

Search IIost Recent (Jueries Time Result
#16 Related Sequences for Protein (Select 730028 123341 1230
#15 Search mlhl Field: Title, Limits: SWISS-FROT 12:33.29 2

Clear Histary |

=

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

#16 AND mouse[Organism]

You will need to turn Limits off if you used them previously. Then 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 that you will
use later makes it much easier to find homologs in other species. It also allows
you to see alignments themselves.

Links: Finding a related structure
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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.” The page will automatically refresh.
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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.
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=/ Structure Summary - Mozilla Firefox =10] =]
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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. If the viewer is not already installed, follow the hyperlink labeled
“Get Cn3D” and follow the instructions to install Cn3D.

The 1B63 record 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.
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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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| Tubes x| Juserselection x|
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|
Beckgound [
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Connections:

<l

Helix objects:

<l

Strand objects:

<

Wirtual disulfides:

<l
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Cancel | Apply after sach change? W Apply

Turn on the protein side chains by checking the box 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.
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Eile Wiew sShowiHide Style window COD Help

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 gi number of
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.
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In many cases there may be more than one protein in the display from the same
species. Sometimes this is because of the presence of paralogous proteins. It
can also happen if there are 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
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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.

A recent change to the protein links menu provides a more obvious way to find to
find related structures.

Retrieve the protein record P40692 and display the links menu.
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Follow the “Related Structure” link.
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The related structures display provides an output similar to BLink, providing a
BLAST output sorted by similarity with access to the alignments. The structure
identifiers (1B63 A etc.) on the left hand side link directly to the structure
summary. The red alignment graphic links to a page with the sequence alignment

that allows display in Cn3D as with the blue dot in BLink.
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NCBI Exercises Set 2

NCBI Genomic Resources

Albumins constitute a small family of genes in mammals. The human, mouse and
rat genomes, and probably all mammals contain at least four members: albumin,
alpha-fetoprotein, afamin (alpha albumin) and the vitamin D binding protein. We
will look at various aspects of this gene family in the NCBI genome resources.

UniGene and Gene

UniGene is the best NCBI resource to identify the gene (or suspected gene) that
corresponds to a particular database sequence. This is especially true for ESTs
where there may be no annotations on the sequence, but may also be important
for other sequences where the annotation may be incomplete or obsolete.
Database identifiers for UniGene searches may come from BLAST output or from
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microarray (hybridization) data. For example, an mRNA that hybridized to the
EST sequence with accession number BG618460 was highly expressed in a
human liver tumor sample. We can identify this gene using UniGene.

Retrieve the record from the nucleotide database by typing accession
BG618460 in the search box on the NCBI homepage and display the record.

Is there any information indicating what gene this is?

Now link to UniGene from the "Links" menu in the upper right.

What is the name of this gene?

Link to “Gene” from the UniGene cluster links menu.

What is the function of this protein?

Go back to UniGene.

Look at the ESTs in this cluster. How many are there? A pair of ESTs (a 5' and 3'
read) that come from the same clone ID are T58928 and T58869. You'll need to
display all ESTs and scroll down to see these. Also, identify the RefSeq mRNA in
the cluster. You should be able to recognize the RefSeq by the characteristic
accession.

Link to the BLAST homepage and use BLAST 2 Sequences to align the 5’
and 3’ reads to the RefSeg mRNA.

Notice the mismatches that are most likely due to sequencing errors in the ESTs.
Expression information is implied by the sources of the cDNA libraries in a
particular cluster. NCBI also has linked tag counts from quantitative SAGE
libraries to the UniGene clusters.

Follow the "Expression profile" mapping link to see a "virtual Northern"
display of the counts from this cluster in UniGene libraries.

What library shows the highest relative expression of this gene?

Map Viewer

From the “Gene” page for human Alb, use the “Links” menu to display this
gene in the Map Viewer.

What chromosomal region is this? What maps are displayed? You can click on
the map name at the top to learn more about the information displayed for each
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map. The UniGene map shows the density of EST hits on the genome. Generally
the peaks in this histogram highlight the exons of expressed genes. Notice that
there are some hits that don't correspond to the exons shown in the gene model
on the Genes map. What could these represent?

You may want to use the “Maps and Options” dialog box to remove all
except the “Gene” map from the display for easier viewing. The “Maps and
Options” can be accessed through the button on the upper right of the
maps. Click “OK” once you adjust the maps.
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Use the zoom graphic on the left hand side of the map viewer to zoom out
and display two other members of the albumin gene family, AFP and AFM.

Are these in the same orientation?

The fourth member of this small family, the vitamin D binding protein, also called
group-specific component (GC), is somewhat removed from these on
chromosome 4.

Display the entire region between GC and AFM by typing these symbols in
the "Region Shown" boxes on the left-hand-side and pressing the "Go"
button.
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Use the “Maps and Options” link to add the mouse and rat gene maps to
the display.

This display shows a point-to-point synteny of the three genomes. Removing the
UniGene map may make this easier to view. Notice that the structure of the
albumin gene family is conserved in these three mammalian genomes.
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Genomic BLAST pages

6/20/2006

Some of the higher genome BLAST pages are helpful because they allow the
genomic context of the BLAST search to be displayed in the Map Viewer. We
can use the human albumin RefSeq transcript to identify the homolog in the rat

genome.

1. Follow the link from the BLAST home page

(http://Iwww.ncbi.nim.nih.qgov/BLAST/) to the rat genome BLAST page.

2. Type the accession nhumber for the human albumin precursor,

NM 000477, into the search box on the BLAST form.
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File Edit Yiew Bookmarks  Tools  Help '\{
. . F
- MCBI Home = Genomic Biology » Rat Genome Resources » BLAST —
N scarch |Map viewer x| I Go | Clear |
BLAST
auErvieu
FAQs Blast Rat Sequences
rnanual
referances Blast your sequence against Rat specific sequences
Database: | aenome (reference only) ;l
Prograrm EmegaBLAST: Compare highly related nucleotide sequences ;l
megaBLAST: Compare highly related nucleotide sequences
cross-species megaBLAST: Compare distantly related nucleotide sequences
EEIGE BLASTHN: Compare nuclectide sequences
_E_i] BLASTP: Compare protein sequences
BLASTx: Compare a nucleotide sequence against a protein database
Enter an TBELASTM: Compare a protein sequence against a nucleotide database
M _0oo477
Optional parameters
Expect Filter Descriptions Alignments
Joor =] [default - 100 -] |1o0 -]
Advanced options: I
Begin Search | Clear Input | .
=l

3. Run the search without changing the default settings.

This will use megablast against the assembly. This is faster but less sensitive
than ordinary blastn when run in contiguous word-hit mode (word size =28, exact
match required) as it is here.
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4. Format your results.

Were you able to find the rat homolog?

5. Repeat the search. This time choose the cross-species megablast
option .

You should have found some hits this time. The graphical overview shows that
some of the human albumin transcript did not find any significant matches in the
rat. Albumins are not highly conserved genes. Notice that the alignments shown
in the output are some of the exons of the rat albumin gene. The exon matches
are ordered by significance; the longest and best conserved exons are shown
first. Another more interesting way to display these is by the position in the
genome.

6. Display your results in the rat Map Viewer by linking through the
linked RefSeq identifier to the contig on rat chromosome 14.

Notice that not all exons were found and that none of the other gene family
members were identified. You can potentially identify the other members of the
gene family in rat by searching with the human protein using the translation of the
genome

7. Go back to the rat genome BLAST page and type the human RefSeq
protein accession, NP 000468, in the search box.

8. Select the translating BLAST search, tblastn, from the program
selection drop down menu.

9. Display these results in the Map Viewer as with the nucleotide results.

You may need to adjust the zoom level to see your results clearly. What albumin
gene family members did you find? If you compare the corresponding region in
the human genome and mouse genomes you may notice that the rat and the
mouse have an additional member close to afamin.

Albumins are also present in other vertebrates. We can use the specialized
genomic BLAST pages to try to find homologs in other organisms. Links to some
of the genome specific BLAST pages are available from the BLAST home page:

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

In some cases, it's easier to follow the BLAST link from the Map Viewer
homepage:

http://www.ncbi.nlm.nih.gov/mapview/
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1. Follow the link from the BLAST or Map Viewer home page to the
chicken genome BLAST page.

2. Type the accession humber for the human albumin precursor,
NP 000468, into the search box on the BLAST form.

3. Select the translating BLAST search, tblastn, from the program
selection drop down menu.

4. Leave the database menu set on “genome” and click the BLAST
button.

The translating searches take much longer than the standard BLAST searches.

5. Format your results.

Were you able to find matches in the chicken genome? How many potential
homologs did you find?

Using NCBI BLAST

Identifying sequences

Michael Crichton's fantasy about cloning dinosaurs, Jurassic Park, contains a
putative dinosaur DNA sequence. Use nucleotide-nucleotide BLAST against the
default nucleotide database, nr, to identify the real source of the following
sequence from the novel. You can retrieve the sequence from the NCBI ftp site:

ftp.ncbi.nih.gov/pub/FieldGuide/jurassic.txt

Select, copy and paste the sequence into the BLAST form window and run
the search.

What is the sequence that Michael Crichton used?

This search is an example of the most common use of nucleotide-nucleotide
BLAST: sequence identification, establishing whether an exact match for a
sequence is already present in the database.

Mark Boguski, who was at the NCBI at the time, noticed this obvious contaminant
and supplied Crichton with a better sequence for the sequel, The Lost World.
You can also retrieve this sequence from the NCBI ftp site:

ftp.ncbi.nih.gov/pub/FieldGuide/lostworld.txt
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Select, copy and paste the sequence into the BLAST form window and run
the search.

Identify the most likely source of this sequence using nucleotide-nucleotide
BLAST. Mark imbedded his name in the sequence he provided.

To see Mark's name, use the translating BLAST (blastx) page with the
sequence. (Look for MARK WAS HERE NIH).

The most important use of the translating BLAST services is to look for similar
proteins (identify potential homologs) in other species.

Short Nucleotide Sequences and Advanced Options

A frequent use of nucleotide-nucleotide BLAST is to check the specificity
oligonucleotides for hybridization or PCR The goal most people have when doing
this is to make sure that the primer will give a unique product from the target
genome or cDNA population. Because BLAST is local and searches both
strands, one can simply concatenate a pair of +/- strand primers and use them in
a single search.

Combine the following pair of candidate PCR primers in a nucleotide-
nucleotide search against the default nucleotide database.

F12 GTCAAGTGGCAACTCCGTCAG
R8 TTGAGAGATGGATTGTTGCTC
To prevent false matches that overlap the forward and reverse primer

seguences, type ten or more “n’s” between the sequences when using
them as a query.

GTCAAGTGGCAACTCCGTCAGNNNNnnNnnNnNnTTGAGAGATGGATTGTTGCTC

Retrieve the results and identify the gene amplified by these primers.

What is the predicted size of the product that would be amplified by PCR from
cDNA (RT-PCR)? How could you distinguish the products amplified from
genomic DNA versus cDNA?
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You can also try these primers in human genome BLAST to get a clearer view of
the product predicted from genomic DNA in the Map Viewer. You'll need to
uncheck the “Use megablast” box to get this to work.

Now try these modified primers in standard nucleotide-nucleotide BLAST.
There is one mismatch in each near the middle. You will need to use the
advanced options to increase the expect value to 100 to compensate for
the mismatches.

F12_mod GTCAAGTGGCgACTCCGTCAG

R8 mod TTGAGAGATGIATTGTTGCTC
GTCAAGTGGCgACTCCGTCAGNNNNNNNNNnTTGAGAGATGIATTGTTGCTC

Notice that the previous hits are completely missing. This is because the default
word size setting requires an exact match of 11 before extensions can occur. A

mismatch in the middle of a 21-mer will prevent any initial word hits.

Use the advanced options to adjust the Word Size from 11 to 7 and run the
search again.

Do you find the original hits again? Are they still among the best hits? Can you
devise a modification in the search strategy that will make them the best hits
again?

There are special BLAST forms available from the BLAST homepage that has
the expect value and word size preset to find matches using short sequences
such as these primers. In the next exercise, we will use the protein-protein
“Search for short nearly exact matches” page to count occurrences of a short
peptide in the database.

Protein-protein BLAST and Short Peptides: ELVIS lives

As the database grows, so does the number of chance occurrences of amino
acid motifs that spell out words or people's names in single-letter amino acid
codes. One such name motif is ELVIS. In this example we will count the number
of occurrences of ELVIS in the default protein database.

1. Follow the link from the BLAST homepage to the protein “Search for
short, nearly exact, matches” BLAST form.

Examine the advanced options on the form and notice that the expect value and
word size are preset to find short matches. In addition low complexity filtering is
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off and the scoring matrix is changed from BLOSUMG62 to PAM30. PAM30
promotes the significance of nearly identical alignments.

2. Type ELVIS in the search box.

3. Adjust the number of descriptions in the formatting options to1000
or more (-v option) to include all Elvises.

4. Run the search.

What is the expect value for an exact match to ELVIS? How many Elvises are
there in the database?

The number of Elivises increases in a linear fashion with the size of the database
in accordance with the random behavior of protein sequences.

Protein-protein BLAST and advanced options

The Caenorhabditis elegans gene SMA-4 is a member of the dwarfin gene
family, also called the MAD (mothers against decapentaplegic) family. SMA/MAD
gene products play a role in transforming growth factor beta-mediated signal
transduction. In this example we will attempt to find homologs for the SMA-4
protein (SMA4_CAEEL, Accession P45897) in vertebrate species.

Of course, this protein already is in the Entrez protein and BLAST databases.
Remember that if the goal is to find a homolog in another species for a protein
that is already present in the Entrez system, it is not necessary to perform a
BLAST search; the pre-calculated similarities are already available through the
related sequences link or through the BLink link.

Find homologs for SMA-4 in the African clawed frog (Xenopus laevis) by
following the BLink link from P45897 in Entrez Protein. Click the best hits
button and find the best protein hit to Xenopus laevis.

The alignment between SMA-4 and the best Xenopus match is available by
clicking on the linked BLAST score.

Return to the NCBI homepage and link to the protein-protein blast page and
enter the SMA-4 accession number (P45897) in the Search text area.

We will search the default BLAST protein database, called “nr” on the database
drop down menu.

To simulate performing a BLAST search with a novel protein, we will use an
Entrez query to remove all Caenorhabditis proteins from the BLAST database. In
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fact, we can modify the default database so that it contains only vertebrate
sequences. The ability to modify the BLAST database using an Entrez query is
one of the “Options for advanced blasting.” You can type any valid Entrez query
in the box labeled “Limit by entrez query.” Only those queries that give clearly
defined sets of proteins would be useful here though. As we have seen
previously, the organism query in Entrez uses the taxonomy controlled
vocabulary for molecular databases. Notice that we have a drop down list that
allows you to select from a limited list of pre-formulated organism searches.
However, you can formulate queries for any taxon that NCBI recognizes. You
can also formulate complex Boolean queries. For this search, we will use a
complex query to select vertebrate proteins and remove the mouse proteins.

Enter the following Entrez search in the "Limit by Entrez query" box under
the "Options" section of the form:

vertebrates[Organism] NOT mouse[Organism]

¥)NCBI Blast - Mozilla Firefox - O] x|
File Edit Miew Go  Bookmarks Tools  Help i\.{
— e

= |

Options for advanced blasting

Linit by entrez er:::ez [vertebrates[Organism] |AMD = || All organisms [

[

For best results in position specific searches, a more sophisticated correction for
compositional bias called composition-based statistics should be used instead of
the low complexity filter. Since we’ll be extending this search later to a PSI-
BLAST search we’ll need to set this option.

¥ NCBI Blast - Mozilla Firefox -0l x|

File Edit View Go Bookmarks Tools  Help @

Cotnpositional

i —— t Composition-based statistics j

Choose filter I Low complexity [T Wlask for lookup table only [ Liask lower case

Uncheck the “Low complexity option” and select “Composition-based
statistics”. Now, run the search by clicking the BLAST button.
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On the formatting page, you can see that the CD-search has identified conserved
domains in this protein. You can click on the graphic to see what these domains
are and what their function is.

Click the format button to retrieve your BLAST results. Look at your BLAST
graphical output and verify that the Entrez query eliminated the query
protein from the database; you should see no full-length matches.

Follow the link to the “Taxonomy reports” to verify that there are only
vertebrate proteins in your output without any mouse sequences.

You can follow the link to the number of hits to Xenopus laevis in the Taxonomy
reports to see the results for only proteins from this organism in the output.

Close the “Taxonomy reports” window and look at the list of sequences found by
BLAST.

Scroll down in the list of sequences in the descriptions. In the non-significant e-
values (> 1), there are two proteins from the horse (Equus caballus) labeled as
MAD proteins (Smad8 and Smad6). These protein fragments are homologs of
SMA-4, but we did not demonstrate that with this particular search because these
fragments — 140 aa and 89 aa -- don’t overlap well with the conserved portions
of the C. elegans protein. (It is easy to find these as significant matches to the
more closely related mouse SMADS8.) We can also use PSI-BLAST to show that
these horse proteins are significant matches to the C. elegans SMA-4. Be sure to
retain your formatting page for these results or copy your request ID so you can
format them for PSI-BLAST for the next exercise.

Open a new browser window so you don't lose your results against the nr
and run the search again. This time restrict the search to Xenopus laevis
proteins using the Entrez query option:

Xenopus laevis[Organism]

Are the same proteins found? Compare the expectation values of these hits to
the same hits found against nr with no organism restriction. Why are the e-values
different for the same scores and alignments?

PSI-BLAST

Any protein-protein BLAST search on the NCBI web pages can be extended to a
PSI-BLAST search simply by re-formatting the results.
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Check the "Format for PSI-BLAST" box on the formatting page for the SMA-
4 protein search that you saved from the exercise above and click format.

The results are the same except that they are formatted differently. There is a
line across the descriptions section of the results corresponding to the PSI-
BLAST inclusion threshold of 0.005. Position-specific information from a multiple
sequence alignment of the sequences above this line are used to generate a
position-specific score matrix (PSSM) in the next iteration. Notice that Smad8
and Smad6 from the horse are below this line. Make a note the e-values of these
two hits.

Now click the "Run PSI-BLAST iteration 2" button on the results page.

The Formatting page is refreshed in its separate window, generating a new
Request ID number.

Click the "Format" button and the results of iteration 2 will load. Click on the "Skip
to the first new sequence" link on the lteration 2 results page. What is this
sequence? What is its new expect value? Notice that there are now several new
sequences above threshold. Check the e-values of the horse Smad8 and Smad6
proteins and compare them to the e-values from the standard protein-protein
BLAST search. These new sequences will be used to construct a new PSSM for
iteration 3 and so on. After a few more iterations no more sequences will be
found; at this point the search is said to have converged.

Translating BLAST searches, mining polymorphisms

The prion protein is found in high concentrations in the brains of humans and
other mammals. In certain degenerative neurological diseases, prion proteins
aggregate into polymers. Several of these prion diseases seem to be
transmissible. Perhaps the most remarkable aspect of these is that the infectious
agent appears to be an aberrant form of the prion protein itself. Bovine
spongiform encephalopathy (BSE) is one of the transmissible prion diseases that
has received much recent notoriety. There are a number of polymorphisms that
have been identified in the prion proteins for several mammals, notably human,
mouse, and sheep. Some of these are associated with inherited prion diseases
and some with susceptibility to transmissible forms.

Retrieve the SWISS-PROT record for the human prion protein
(PRIO HUMAN, P04156) and look at the FEATURE table to see the various
polymorphisms.

Notice the methionine / valine polymorphism at position 129. The amino acid at
this position affects the particular disease phenotype when another disease
causing mutation is present. People who are heterozygous at this position
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appear to be more resistant to kuru, one of the transmissible encephalopathies.
There is population genetic evidence that their may have been balancing
selection for heterozygotes at this position during human evolution. The EST
data for human represents a large number of individuals and can be used as a
resource for identifying nucleotide polymorphisms. In this case, we can
investigate the prevalence of the two alleles at position 129 of the prion protein in
the EST data for human. We will use one of the formatting options to make the
different alleles easier to identify.

Set up and run this search by following these steps:

1. From the BLAST homepage, link to the “Protein query vs. translated
database.”

2. Type the prion protein accession number, P04156, in the search text
area.

3. Use the select subsequence boxes to use only residues 100 to 160.

4. Choose the “est human” database.

Since we're interested in looking at changes at a particular residue, it is more
useful to have the BLAST output as a stacked master-slave pairwise alignment
(query-anchored).

5. Turn off the “Low complexity” filter option.

6. Use the “Format” options section of the BLAST form to set the
“Alignment view” to “query-anchored with identities.”

7. Set the number of alighments and descriptions to 500.

8. Finally click the BLAST button to run the search.

9. Click the format button on the formatting page to retrieve your
results.

Look at the alignments to see the how the query-anchored format helps to
investigate changes in sequences. Find position 129 in the query. Which amino
acid is most prevalent at position 1297
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WGS and Trace Archive Data in Entrez and BLAST

Verify that nearly all of the guinea pig genomic DNA records in the NCBI
database are whole genome shotgun.

You can retrieve all Guinea Pig nucleotide sequences by using the Limits
tab and setting the field restriction in the pull-down list to organism. You
can further limit to genomic DNA through the “molecule” pull-down list.

How many records are there? Notice that all are in the “CoreNucleotide”
database.

Follow the link to the “CoreNucleotide” results before continuing. Now
restrict to whole genome shotgun records by adding the following query
term to your search.

wgs|[Properties]

The overall search performed now is
guinea pig[Organism] AND biomol_genomic[Properties] AND wgs[Properties]

The first record is the master record for the project that gathers all of the conitgs.
You can get only this record by adding wgs_master[Properties] to the search.

Retrieve the first contig record in you list and verify that it is unannotated —
no genes or other features.

Using BLAST, Spidey and Splign to annotate wgs

You can find the genomic sequence corresponding to a guinea pig mRNA
sequence by using BLAST to search the wgs database. A sequence that
demonstrates this well is the guinea pig beta 2 microglobulin sequence
(AF148875).

From the BLAST homepage select the “Quickly search for divergent
sequences (discontiqguous megablast)” page. Use AF148875 as the query
and select wgs as the database. Use the Entrez limit feature to limit to
quinea pig sequences by typing quinea pig[Organism] in the Entrez query
box. Run the search and format your results using the “CDS feature”
option.

Your search should hit a wgs contig (AAKN01568559). How many exons did you
identify? This is a rather primitive gene model.
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Use the same mRNA and genomic sequences as above, make gene models
using the spliced alignment tools Spidey and Splignh and compare them to
the BLAST results.

Some sequences are only available through the NCBI trrace archive.

http://www.ncbi.nlm.nih.gov/Traces/trace.cqi?

These data can be retrieved by species code or trace number. The most
important way to search these is through the Trace archive megablast pages.
Both standard (contiguous) megablast and cross-species megablast are
available. These are linked through the BLAST tab on the main trace archive
page or through the BLAST homepage in the nucleotide-nucleotide BLAST
section.

-3 Trace Archive v4.0 :: NCBI/NLM/NIH - Mozilla Firefox _ 1ol x|
File Edit Wew Go EBookmarks Tools Help Q

| @'INormal\#iew =
f\\ frace Arcrnive

Main |_@btaining Data  Stafistics  Tracking  Documentation  Assembly Archive  BLAST
News/Events FAQ  Acknowledgment  FTP

. i Mega BLAST
News, Events and Notifications

Enter a query string (use Query Builder) or T/ number Cross-Species Mega BLAST

Submit || alt

Last week Top 10 Arrivals (06/11/2006 - 06/17/2006)

Organism Count

MUIS MUSCULUS 1,604,425
EQULUS CABALLLUS 1,636,384
FTEROPUS VAMPYRUS 1,066,266
CHOLOEPUE HOFFRMAMNMI 741,586
FARAMECIUM TETRALURELIA 620712
PAM TROGLODYTES 296,091
HOMO SAPIEMS 257 950
ZEA MAYS 205,782
GALLUS GALLUS 178,379
CAPITELLA SP.IECS-2004 176,758

We can use the cross-species page to find an HSP70 gene homolog in the duck-
billed platypus trace sequences.

1. Follow the link from the BLAST tab on the Trace Archive page to
“Cross-Species Megablast”.

2. Enter the accession number for the human HSP70 1A mRNA
Reference Sequence (NM_005345) in the search box on the BLAST
form

3. Choose Ornithorhynchus anatinus-WGS as the database

4. Click the BLAST button to run the search using the default options
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Because HSP70 is well conserved it is easy to find homologs in platypus at the
nucleotide level using the human sequence. Many less well conserved genes
may only be identified at the protein level. Unfortunately the large size of the
trace databases makes translating searches impractical.

The trace BLAST output does provide a link to compare the query sequence and
each of the identified traces at the protein level.

Follow the “Get tblastx alignments” link from one of the aligned traces to
compare the six-frame translation of the query sequence to the six-frame
translation of the trace sequence.
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YIRID=1150823238-6404-134074854944.BLASTOL, gi| 26787973 | ref|NM_D - 10| x|
File Edit \ew Go Bookmarks Tools  Help @

Fgnl| i 520017064 EAAE-anh34do9.bl 'J
Length=794 |
Get TELAZTE aligrmments

Soore = 969 bits (504), Expect = 0.0
Identitie=s = 650/718 (90%), Gaps = 27718 (0%)
Strand=Plus/Flus

Query 1020 TCGTCCAGCACCCAGGCCAGCCTOGAGATCGACTCCCTGTTTGAGGGCATCGACTTCTAC 1073

Frerrrrrerr reeeerr rerrerrrrrrrrrerrerer rererr e rrrrrrrrd
Shijct 22 TCGTCCAGCACGCAGGCCAACCTGGAGATCGACTCCCTGTTCGAGGGOGTGGACTTCTAC &1

Duery 1080 ACGTCCATCACCAGGGUCGAGGTTCGAGGAGCTGTGCTCCGACCTGTTCCGAAGCACCCTS 1139

feeerrrreer e rrrrerrrrrrrrerrrrr reerrrrrerr e bl
Zbjcoct 82 ACGTCCATCACGUGGGCCCGGTTCGAGGAGCTGTGC TCGGACCTGTTCCGCGGCACGCTG 141

Cuery 1140 GAGCCCGTGGAGRAGGCTCTGCGCGACGCCAAGCTGGACLAGGCCCAGATTCACGACCT: 1199

T R I A
Abjoct 142 GAGCCCGTGGAGALGGCCCTGCGGGACGCCAAGATGGACARGGCCGGEATCCACGAGGTG ZDiJ:J
»

<] |

Score = 489 bits (1062), Expect(2) = 6e-141
Identities = 208/223 (93%), Positives = 220/223 (98%), Gaps = 0/223 (0%)
Frame = +3/+1

Query 1020 SSSTQASLEIDSLFEGIDFYTSITRARFEELCSDLFRSTLEPVEKALRDAKLDKAQIHDL 1199
SSSTQA+LEIDSLFEG+DEFYTSITRARFEELCSDLFR TLEPVEKALRDAK+DKA IH++
Sbjct 22 SSSTQANLEIDSLFEGVDFYTSITRARFEELCSDLFRGTLEPVEKALRDAKMDKAGIHEV 201

Query 1200 VLVGGSTRIPKVQKLLQDFFNGRDLNKSINPDEAVAYGAAVQAAILMGDKSENVQDLLLL 1379
VLVGGSTRIPKVQ+LLODFFNGR+LNKSINPDEAVAYGAAVQAAILMGD+SE VQDLLLL
Sbjct 202 VLVGGSTRIPKVQRLLODFFNGRELNKSINPDEAVAYGAAVQAAILMGDRSEKVQDLLLL 381

Query 1380 DVAPLSLGLETAGGVMTALIKRNSTIPTKQTQIFTTYSDNQPGVLIQVYEGERAMTKDNN 1559
DVAPLSLGLETAGGVMTALIKRNSTIPTKQTQIFTTYSDNQPGVLIQVYEGERAMT+DNN
Sbjct 382 DVAPLSLGLETAGGVMTALIKRNSTIPTKQTQIFTTYSDNQPGVLIQVYEGERAMTRDNN 561

Query 1560 LLGRFELSGIPPAPRGVPQIEVTFDIDANGILNVTATDKSTGK 1688
LLGRF+LSGIPPAPRGVPQIEV+FD+DANGILNVTATDKSTGK
Sbjct 562 LLGRFDLSGIPPAPRGVPQIEVSFDVDANGILNVTATDKSTGK 690



