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 Getting Started with Reactome

This tutorial provides an introduction to Reactome, the user interfaces and the database content. A number of exercises are provided to help you practice what you have learned in this tutorial; you will need to refer to the details and screenshots in this document.  Further information can be found in the online Reactome user guide http://www.reactome.org/userguide/Usersguide.html.

You will learn about:

· Pathway visualization in Reactome

· Querying Reactome via the web interface

· Mapping Gene Expression data to Reactome pathways

· Using the Reactome BioMart

· The BioModels repository
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What is Reactome?

Reactome is a curated resource of core pathways and reactions in human biology. The information in this database is authored by biological researchers with expertise in their fields, maintained by the Reactome editorial staff, and cross-referenced with the sequence databases at NCBI, Ensembl and UniProt, the UCSC Genome Browser , HapMap, KEGG(Gene and Compound ), ChEBI, PubMed and GO. In addition to curated human events, inferred orthologous events in over 20 non-human species including mouse, rat, chicken, puffer fish, worm, fly, yeast, two plants and E.coli are also available.

1. The Reactome home page 

[image: image1.wmf]The Reactome home page can be accessed by pointing your web browser at www.reactome.org.  This is a very information-dense page, but the basic goal is simple: to give you a starting point to drill down to the information that you need.
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The page is divided into several parts.

· Navigator bar.  This provides access to the rest of the Reactome web pages.

· Search panel.  Allows you to perform text-based searches on Reactome.

· Species chooser.  Allows you to choose a species.  The Sky will change, according to which reactions could be orthology-mapped to that species from human.

· “Starry Sky”.  A graphical entry point into the pathways available under Reactome.

· Top-level pathways.  A text-based graphical entry point into the pathways available under Reactome.

By moving the cursor over the “starry sky”, you gain access to a number of different kinds of information.  In particular, if the cursor hits one of the small arrows in the sky, a legend appears.  This is the name of a reaction – every single arrow in the sky represents a reaction in one of Reactome’s pathways.  Additionally:

· The pathway that you are currently located in will turn a deeper blue.

· The corresponding entry in the text-based view will also turn a deeper blue.

The last two points in combination allow you to see which parts of the sky correspond to which top-level pathways, something that will become important later when we look at the Skypainter.

Exercise 1

a) Find “Apoptosis” in the Reaction Map. Which part of the Sky does it appear in?

(Hint: find this pathway in the list of top-level pathways and mouse over it.)  

b) In the Apoptosis region of the sky, find the reaction “Trimerization of TRAIL:TRAIL receptor-2 complex” Where is it?

(Hint: drag the cursor over the arrows in the pathway and observe which reactions get displayed in the mouse over)

c) Most of the reactions in this pathway are colored blue, but some are colored pink.  What is the reason for this?

(Hint: it has something to do with where the information for creating the reaction came from)

d) Use the species chooser to change the organism to Saccharomyces cerevisiae.  Does this organism have any Apoptosis pathways?

e) Does S. Cerevisiae have a TCA cycle?

2. Viewing Pathways

Clicking on any of the links in the top-level pathway panel on the front page takes you to a pathway display page, e.g.:
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This page describes the pathway itself, but also gives you facilities for drilling down to the reactions that make it up and the molecules that participate in it.

In this example, the pathway actually comprises of three subpathways, which you can see in the event hierarchy.  By clicking on one of the “+” symbols, you can expand the subpathway to find out what is inside.  Clicking on any of the components of the subpathway takes you to the web page for that component.  Different types of component have different symbols, e.g. reactions are indicated by the [image: image7.png]


 icon.

In the section labeled “Details”, there is some text giving an overview of the pathway; there may also be a diagram.  The text may contain links to PubMed, which are there to support assertions made within the text itself.  Additionally, there may be a “References” section, which provides links to papers that describe the pathway as a whole..

Exercise 2

Switch the species back to H. sapiens.

a) Click on the top-level pathway ”Apoptosis”.  Drill down to “Extrinsic Pathway for Apoptosis” then again to “Death Receptor Signalling” Does this pathway have any subpathways?  If so, how many? How many reactions are there contained in “Death Receptor Signalling” pathway?

(Hint: take a look in the “Event Hierarchy” box for reaction icons)

b) What is the reaction preceding ”Trimerization of the FASL:FAS receptor complex”?

c) Are there any Medline references for this pathway?

d) What is the associated GO biological process?

e) How many other species in Reactome also have this pathway?  

3. Viewing Reactions

The “Event hierarchy” at the top of the pathway page allows you to examine the constituent reactions.  Because Reactome uses a hierarchical pathway representation, you may need to expand subpathways in order to get down to the reactions that interest you.  Reactions are indicated by the [image: image8.png]


 icon; click on this to see the reaction page.

The reaction page describes the reaction and provides links for drilling down to the molecules participating in it.  The event hierarchy that you saw in the pathway page will remain visible, showing you where you currently are.  There is also a reaction diagram:
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This summarizes the reaction in a graphical way.  Boxes on the left hand side represent “inputs” or reactants.  Boxes on the right represent “outputs” or products.  The box above represents the “facilitator” or catalyst.  All of these boxes are clickable and lead to the corresponding physical entity pages.  The text in the middle gives the name of the reaction.  Additionally, you may see text on the far left hand side or far right hand side of this diagram; these give you the preceding and the subsequent reactions respectively.  They are also clickable, leading you to the corresponding reaction pages.

Below this diagram, you will see a “Details” panel:
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This presents the input, output and catalyst information in text form, plus information on the GO classification and references to the literature used as source for the curation of this reaction.

Exercise 3

a) Go back to the front page. From the “Signaling by TGF beta” pathway page, how would you get to the page for the reaction “Activated type I receptor phosphorylates R-SMAD directly”?

(Hint: take a look at the event hierrarchy box)

b) In the reaction diagram, some things are in white boxes, some in orange boxes, and some are not in boxes at all.  What is the significance of this?

c) Can you suggest alternative names for the “inputs” and “outputs” of a reaction?

d) What is the GO molecular function corresponding to this reaction?

e) Are there any references for this reaction?  If so, who is the first author of the first reference?

f) Look at the list of participating molecules (near the bottom of the page).  Comparing this with the reaction diagram, why do you think there are more molecules in this section?

4. Viewing Proteins

The “catalyst”, “input” or “output” fields of a reaction can be used to drill down to the participating molecules.  You can also use the “Participating molecules” section at the bottom of the page to do this – this section also lists the components of any complexes involved in the reaction.

You will see that known alternative names for the protein are shown at the top of the page.  Reactome also maintains links to many other databases.  Every protein has an associated cellular compartment and species.  From this page you can also see which events (pathways and reactions) this protein participates in, and whether there are orthology-predicted equivalent proteins in other species. 


Exercise 4

a) Go back to the front page. Click on Apoptosis. From the “TNF Mediated Activation of Pro-caspase 8” reaction page, how would you get to the page for the protein “p10 subunit of Caspase 8”?

(Hint: take a look at the “Participating molecules” section of this reaction)

b) Which Prosite domains are associated with this protein?

(Hint: take a look at the UniProt link)

c) In which cellular compartment is this protein found?

d) What are the coordinates of this protein chain?

e) Is this protein involved in any other reaction besides the one you looked at?

5. Searching Reactome

At the top of almost all Reactome web pages, there is a search bar.  This allows you to perform text searches in the Reactome database.  E.g., you may be interested in phosphatase: 
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Click the “Go!” button to start the search.  The results will look something like this:
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This lists the types of Reactome instance found (e.g. “PhysicalEntity”, which represents things like proteins, DNA or small molecules), with an associated count of the number of instances found.  Clicking on the count next to “PhysicalEntity” will take you to the list of instances found:
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All of the displayed instances are clickable links, which take you to the associated protein page.

Exercise 5

a) Search for “protein kinase”.  How many GO biological processes does this search return?

b) No pathways are returned by this search – why do you think this is?  How would you drill down to the pathways involving protein kinases?

(Hint: follow the GO molecular function link)

6. The SkyPainter

The SkyPainter is a tool that allows you to take lists of IDs (e.g. for proteins), perhaps also with expression data, and then to visualize it projected onto pathways.  The tool is accessed via the navigation bar; click on the “Tools” menu, and select the “SkyPainter” item:
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The SkyPainter web page provides you with a “Browse” button that allows you to upload data from a file:
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Once the data have been loaded, click the “Paint!” button.  It may take several minutes to process the data, before you see a page something like this :
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This shows Reactome pathways colored by expression level – red for high, blue for low, green for no significant change.  If you have more than one column of data values, you will notice that the reaction map changes – it is stepping through each of the columns (representing, e.g., time points), and different areas of the Reactome will light up for each one, reflecting changing expression in different pathways.

Exercise 6

Upload the file http://www.ebi.ac.uk/systems-srv/mp/file-exchange/E-MEXP-345_Reactome.txt to a folder on your computer, using a browser, e.g. Firefox.  Use Ctrl-A to highlight the whole data-set then Ctrl-C to copy this file into the paste window (Ctrl-V) and click “Paint!”. The data was obtained from ArrayExpress and comes from the processed results of an experiment studying the differentiation of KG1 cells. 

a) What color are the majority of reactions, and what is the significance of the coloring?

b) Do any pathways show significant changes at different time points, and if so, which ones?

c) Is there a better way than screen capture for obtaining printable images of the SkyPainter?

d) Which pathway is most significantly over-represented in the E-MEXP-345 dataset?

(Hint: go back one page, click the check box labelled “Ignore numeric values”, then do “Paint!” again)

7. Using the BioMart interface

BioMart is the name of a project and a corresponding software suite that provides very fast searches for large datasets, plus the ability to link between datasets.  Once a database such as Reactome has been ‘martified’, a standardized web interface can be used to access the data and also link it to other data, such as ENSEMBL.

The tool is accessed via the navigation bar; click on the “Tools” menu, and select the “BioMart” item:
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You can then select the database (e.g. “REACTOME”) and the dataset (e.g. “reaction”):
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On the left-hand side of the page, a panel will appear that allows you to configure your query:
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Clicking on “Filters” takes you to a page where you can specify terms that will constrain the information that BioMart extracts from the database.  These terms are essentially query terms.  E.g. you can specify a list of Entrez gene IDs to search for:
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Clicking on “Attributes” allows you to specify which attributes get displayed in the list of results that BioMart returns to you.  There will always be some default attributes already set, e.g. for reaction, these are “Reaction stable ID” and “Reaction DB_ID”.

Once you have set up the filters and attributes, click on the “Results” button to run the query.  The results are presented in a tabular form and by default, only the first 10 results are shown.  You can display up to 200 results lines in a single page.  In the panel above the results table, you can also export the entire results set in a number of different formats:
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“TSV” means tab-separated values, “XLS” stands for Microsoft Excel spreadsheet. 

Exercise 7

Go to the Mart page.

a) How would you select the “pathway” dataset?

b) If you were interested in the protein “BID” (UniProt ID P55957), how would you identify pathways in Reactome involving that protein?  How many pathways does your query find?

c) How would you find the UniProt IDs of the other proteins in the first of the pathways that you discovered?

d) Dump the results list from c) in tab-delimited format.  How many lines of output are there, excluding column headers?

Other Reactome Features

There isn’t time in this tutorial to explore all of the possibilities provided by Reactome, but here are some of the other things that you may find useful:

· Editorial Calendar (navigation bar->Content).  Lets you know what pathways we are planning to add to Reactome in the future, and when.

· Extended Search (navigation bar->Tools).  Provides you with a wide range of possibilities to restrict your searches, and therefore, get what you are after.

· PathFinder (navigation bar->Tools).  A tool which finds pathways based on the names of what goes in and what comes out.

Interactions (navigation bar->Download).  The “Download” page provides you with numerous freebies, in particular, lists of protein-protein interactions predicted from the complexes and reactions present in Reactome.Answers to exercises

Exercise 1: the home page

a) Left of sky.

b) Top right corner of the pathway.

c) They were inferred manually, from analogous reactions in other species, to Homo sapiens. Blue indicates experimentally confirmed reactions.

d) No, apoptosis is important in multi-cellular organisms but not in yeast.

e) Yes.  This is pretty much universal.

Exercise 2: the pathway page

a) There is 3 subpathways.  The pathway also has 15 reactions.

b) “FASL binds FAS Receptor”

c) Yes, 7 [Kerr 2002, Kerr et al 1972, MacFarlane & Williams 2004, Cory et al 2003, Adams 2003, Ashkenazi 2002, Cory & Adams 2002]

d) Apoptosis

e) There are 16 other species. 

Exercise 3: the reaction page

a) In the “Details” section, simply click on the appropriate reaction.

b) White boxes are small compounds, orange boxes are complexes, no boxes are reaction names. 

c) Reactant or substrate are terms frequently used alternatives for Reactome’s “input”  Product is a frequently used alternative to Reactome’s “output”.

d) Transmembrane receptor protein serine/threonine kinase activity.

e) Yes, “Souchelnytskyi, S” (PubMed:11100470)

f) Many of the proteins in the listing are actually packed into complexes; in the reaction diagram, only complexes and small molecules take part in the reaction.

Exercise 4: the protein page

a) Extrinsic Pathway, Death receptor signalling, activation of pro-caspase-8 (141159). In the “Participating molecules” section, click on “p10 subunit of Caspase 8”.

b) PS50207. Prosite – documented entries describing protein domains, families and functional sites as well as associated patterns and profiles to identify them

c) Cytosol.

d) Coordinates in the reference sequence: 385-479. From Seq Annot section in UniProt page

e) Yes, it is involved in 4 other reactions, 3 in Extrinsic Apoptotic Pathway, 1 in Intrinsic Apoptotic Pathway.

Exercise 5: searching

a) 9

b) The term “protein kinase” does not appear in the name of any pathway in Reactome.  To get at the corresponding pathways in Reactome, follow the GO molecular function link and then click on each of the matches.  You will see that they have an attribute “Reactions catalysed by this activity” containing links to Reactome reactions; from the hierarchy views on the reaction pages, you can get to the pathways.

Exercise 6: the SkyPainter

a) Blue, downregulated.

b) Yes, gene expression, in particular, translation and transcription.

c) Yes, look at “Links for downloading images”.  Saving as a PNG allows you to print or to import into Microsoft Word document.

d) Hemostasis.

Exercise 7: BioMart

a) Choose database “REACTOME”, then choose dataset “pathway”.

b) Click on “Filters” and limit UniProt IDs to P55957, “Attributes” and choose “Pathway name” then click “Results”.  8 pathways are found.

c) Copy the first pathway stable ID from the results table, click on “Filters” and limit pathway stable IDs to this value.  Click on “Attributes”, scroll down, and check “Protein UniProt ID”.   Click “Results”.

d) 4

Further reading: 

Vastrik et al. (2007) “Reactome: a knowledge base of biologic pathways and processes” Genome Biology 8 R:39.   Abstract: Reactome http://www.reactome.org, an online curated resource for human pathway data, provides infrastructure for computation across the biologic reaction network. We use Reactome to infer equivalent reactions in multiple nonhuman species, and present data on the reliability of these inferred reactions for the distantly related eukaryote Saccharomyces cerevisiae. Finally, we describe the use of Reactome both as a learning resource and as a computational tool to aid in the interpretation of microarrays and similar large-scale datasets. | http://genomebiology.com/2007/8/3/r39

Reactome user guide http://www.reactome.org/userguide/Usersguide.html
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