J-Express Exercise – The Fundamentals


J-Express Pro Practical – the fundamentals

In this exercise we are still working on the RatBrainProfiling.pro file. The exercise will focus on the concepts of selections, creation of groups and branching off a sub data set in the project tree. We will perform simple fold change analysis between two of the samples in the dataset to give us a measurement of differential expression to work with. Later exercises will focus on using all the available samples for finding differentially expressed genes in more robust manners.

Selections

Understanding how selections work in J-Express “is the key to everything”...

1. Open “Methods | Charts | Gene Graph Viewer” (or use the[image: image10.png]Express 2009
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 button) on the data sett called “Log(2) Quantile normalized intensity data”. 

2. Rescale window size by dragging window borders.

3. Rescale the column width to see some of the annotation better

4. Click on the Shadow unselected 
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 button in the Gene Graph window

5. Select a single gene by clicking on a row, and look for it’s graph in the right part of the window

6. Try some other genes. As you might remember from the Basics exercise, it could be hard to find genes with a visible difference above the bottom of the graph area. In log(2) transformed data, genes from the whole range of different intensities are better displayed, but keep in mind that the y-scale now is log(2) based. 

7. Keep your “Gene Graph” window open before advancing to the next steps.

A very important aspect of selections in J-Express is that a selection done in one window will be highlighted in every other window displaying the same data set from the project tree. To illustrate this:

1. Open “Methods | Charts | Fold Change Viewer” (make sure that the same data set is still high-lighted in the Project window) or alternatively use the [image: image3.png]


 button.

2. In the  Samples area of the new window, leave “4L Cortex” as Source 1 and select “4L Hippocampus” for Source 2

3. This component will then select all genes with fold change > 2 between the 2 selected samples 4L Cortex and 4L Hippocampus, and display them in sorted order in a table at the bottom and with data points plotted at the top. 
4. Move the “Fold Change” window and “Gene graph” window so that you can see them both. The selection of the “Gene Graph” window have been updated to only display genes with fold change > 2 as well.
Examine the table of the “Fold Change” window for interesting genes 

5. Click on some rows in this table and look for changes in the “Gene Graph” window.

6. Try the other way around, select something in the “Gene Graph” window and observe the “Fold Change” window.

7. Adjust the limits to only display FC > 10 between the samples (either up or down) and press the Update button.

Branching sub data sets 

Whenever you have made a selection somewhere in J-Express, you can branch out the selected genes/samples in a separate sub data set. This will appear in the Project window as sub nodes of the parent data set it was extracted from. Many components will have a separate “Branch” button for this, since it’s a very common operation from many analysis components. 

1. Go back to your “Fold Change” window (or open it again if you have closed it). 

2. Adjust the fold change limits you want to limit your selection to, and press the Update button.

3. When you are satisfied with your selection, press the Branch button.

4. Observe what happened in the Project window of J-Express. The new data set named “Fold Change” was just created by you:



[image: image4]
J-Express gives the sub data set a general name based on the component that branched it and sometimes in combination with the parent data set name. You should most of the time change this to a meaningful name for you (info on how it was created is kept in the Meta Info tab)
.

5. Highlight the new data set by clicking it.

6. Click it once more when it’s been highlighted, and change the name to something more descriptive.

In addition there is a special component called “Create groups” that allows you to branch the active selection of a data set, regardless of which component that this selection was made in (and regardless of whether that component has a Branch button or not)

1. Select the dataset “Log(2) Quantile normalized intensity data”. In your “Gene Graph” window, select the first 1000 genes.

2. Open the “Data Set | Create Groups” component, or press the [image: image5.png][mm




 button. 
3. You should see “Selected: 1000” in the lower left corner of the Grouping window appearing. If not, close both windows, select the proper data set (“Log (2)...”) in the Project window, start at 1 again by opening the “Gene Graph” window).
What happens if a different set was highlighted before opening the “Create Groups” component and why?
4. Branch your selected 1000 genes by pressing the Branch button in the “Create Groups” component (the title bar of the window reads: “Grouping - ….”).

5. Move to the Project window, locate your new data set and check that it has exactly 1000 rows.

6. Rename your new data to something like “1000 first probes on array” or similar.

7. Close the “Grouping - ...” window.

Working with groups

After understanding the basics of selections and branching sub data sets, we are ready to start working with groups. Groups are another fundamental tool of handling data in J-Express. Instead of branching off a set of interesting genes from the rest, you can define your selection as a group, that you give a name, an optional description (why this was an interesting set of genes) and assign a color. The group colors will then be used in all plots and tables of that particular data set. 

You can create as many groups as you want within a data set, and they may be overlapping etc. We will now create a few groups and work through examples on how we can work with them. We will use the data set “Log (2) Quantile normalized intensity data” containing all genes, make sure you have selected this one in the Project Window.

1. We will now distinguish between up and down regulated genes. In the Fold Change component, select all the genes being up-regulated in 4L Cortex over 4L Hippocampus by a fold change of at least 10. (Tip: Exclude the down-regulated ones by setting a large negative limit, there will not be any genes that much down-regulated, and thus they are excluded from selection . Use the Gene graph window to see that the selected genes are upregulated in the cortex sample.)
2. Open the “Data Set | Create Groups” component (or press the [image: image6.png][mm




 button) on the “Log (2) Quantile ...” data set. 

3. Create a group of the selected genes by pressing the Create Group button in the “Grouping - …” window, give it a red color (click on the colored square), a name like “up-regulated genes 4L Cortex over 4L Hippocampus”, and a description.

4. Have a look in your “Gene graph” window

5. Go back to the Fold Change window, select the down regulated genes in 4L Cortex relative to 4L Hippocampus by a fold change of at least 10 (remember the tip from point 1....)

6. Create a new group for the current selection by using the “Grouping - …” component, with a green color, the name of “FC>10 Down-regulated in 4L Cortex over 4L Hippocampus” and a description. 

7. Inspect your “Gene graph” window once more. Why is only one of your two groups displayed with a color?

8. Click the Shadow unselected button 
[image: image7.png]


 again to turn off the shadowing that we turned on when working with selections. Back then we just wanted the active selection to be displayed. 
Once groups have been created from any component in J-Express, the information is stored in the data set, and can be managed using the “Group Controller” component. 

1. Open it with “Data Set | Group Controller” or the [image: image8.png]


 button. Your two groups should now appear. How many up and down regulated genes did you find?

2. In the project tree, select the data set you created earlier called “1000 first genes on array” or similar, look in the “Group Controller” window now (with title bar: “Groups”) how many groups are there ? 
Notice the special behavior of this component, it always updates itself to the data set highlighted in the Project window – all other windows/components reflects the data set it “was opened with” and never change this relation.

3. Make sure you have the “Log(2) Quantile…” dataset selected and use the “Grouping - …” component (Create Groups) to select the 1000 first genes on the array once more and branch it off into a new data set. Rename this to “1000 first genes on array second time”.

4. Highlight your new data set “1000 first genes on array second time” in the Project window, and check the Group Controller component. How many groups does it have? Why does this data set and the dataset “1000 first genes on array (first time)” not have the same groups? How many genes are there in the two groups of the dataset created second time, compared to the original “log(2)..” dataset? Why are the numbers different?

As an exercise we will now use groups to single out only the up regulated genes in 4L Cortex over 4L Hippocampus that also have a high intensity value in both samples. (This analysis is just for illustration to show how you can select genes for further examination that fulfill two different criteria: high Fold Change and high intensities in both samples).  For this we will use the very handy component “Search and Sort” once more:

1. Make sure your “Log (2) Quantile ...” data set is highlighted in the Project window.

2. Open the component by using either “Data Set | Search and Sort” or the [image: image9.png]


button.

3. Choose to sort on the column for the “4L Cortex” sample. Make the highest numbers appear at the top. (You might want to rescale the window to see more columns at once)

4. Select all rows from the first one down to the last row with an log(2) intensity value above or equal to 10.0 (2¹° = 1024 in linear intensity).

5. Create a group from this selection called “High intensity in 4L Cortex”.

6. Do the same for the “4L Hippocampus” sample column.

7. Inspect your “Group controller” component (with title bar: “Groups - …”)

8. Now we’ll create the group with high intensities in both samples: select the two groups in the “Group controller” window and press the AND button (just below the menu bar of this window).

9. Rename the group by double clicking the group name to “High intensity in both 4L Cortex and 4L Hippocampus”.

10. While the group is highlighted, type in a group description as well: “Genes with intensity >= 1024 in both samples” 

11. Now we can finally combine this high intensity group with the fold change derived group (red group of up regulated genes created earlier) to get the final result we wanted. How many genes did you end up with? (Tip: combine using the AND button).

12. Right click your final group, and inspect the sub menu of alternatives you can apply to your group. Try for instance the “Show group in graph” option.

The members of a group can subsequently be the starting point for other explorations. By selecting a group in the group controller, its members can be selected as the active selection, or branched off directly, or another of many other options…

Then the circle has been completed. It is very much a matter of choice and taste whether to use branching or groups to represent and combine sub sets within your data. 

Having covered the basics of interacting with J-Express, we can move on to the more challenging parts of microarray data analysis and interpretation. But you might want to revisit the concepts of selections, branching and groups in this practical, since they will be heavily used and not described in the same amount of details in the coming exercises during the next two days. 

Creating groups of samples in stead of genes

The operations of creating groups and branching off subsets can be done in the exact same ways for samples as for genes, by using the very same components. Both the “Create groups” and “Group Controller” components have check boxes for selecting to work on either Rows or Columns, i.e. Genes or Samples respectively.

1. Open the “Create groups” window on the “Log (2) Quantile ...” data set.

2. Click the Columns check box.

3. Select the 6 Cortex samples

4. Click the “Create Group” button, give the group a colour and name it “Cortex”

5. Do the same operations to create 3 more groups for the Hippocampus, Striatum and Cerebellum samples.

6. Open the “Group Controller” window

7. Click the Columns check box to inspect your new groups over the samples

8. Save your project.

The groups you have just created will be utilized in later exercises when looking for differential expression between groups of samples.

Some experiments contain samples with a strong relationship between pairs of samples. Examples of are samples from the same individual before and after a treatment, or different tissues from the same individual.  Using this information it statistical tests strengthens the statistical power, which means that the test is more likely to find interesting genes. 
Such pair-wise relations is possible to define in the “Create groups” component of 

J-Express, it has a second tab called just that, “Create pairs” :)

1. In the “Grouping - ...” window click the “Create pairs” tab. (If you closed the window from last exercise, open it again on the same data set).

2. Select the “4L Cortex” sample in the left panel.

3. Next, also select the “4L Hippocampus” sample (Press Ctrl and click)

4. Press the “Add pair -->>” button.

5. Create 5 more pairs for corresponding Cortex and Hippocampus samples

6. Store your sample by pressing the “Store grouping” button at the bottom right of the window.

7. Close the “Grouping - ...” window.

8. Save your project

We will also use the stored pairs as well in later exercises.

Recap of groups and branching

As understanding of the tools provided by the selection mechanism together with creating groups and branching of sub datasets is crucial to fully benefit from the potential in J-Express, please recapitulate what you’ve learned by answering the following questions: 

What is the difference between creating a group and branching of a data set?

Where is the information on groups conceptually stored?

What window/module do you use to manage the groups of a data set?

· Which menu entry?

· Which short cut button?

· What is the Titlebar of that window?

What happens when you branch the selected genes instead of creating a group?

What window/module can you always open to branch off a selection?

· Which menu entry?

· Which short cut button?

· What is the Titlebar of that window?
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