Microarray Use Cases

Differential Gene Expression Experiment

Researcher X wants to perform a differential gene expression experiment using a set of microarray chips. 

There are two possible cases:

1) He has a specific list of samples that correspond to his experiment. 

2) He queries the microarray database for a set of desired conditions (e.g. particular tissue type or treatment conditions).

In either case, he requests a set of data files corresponding to the desired group. He chooses to load the files into R/Bioconductor or Dchip. He normalizes the data relative to each other so the expression values are comparable. He associates the known conditions/types to the data and loads the summary data into his favorite differential gene expression program (e.g. SAM or R). Once the p-values are computed, he creates a short list of genes that are significant with indications of direction.

Data Sharing/Multi-institution analysis

A research group would like to collaborate and share microarray data for a particular study. One group produces cDNA microarray data and the other Affymetrix data. Data from both institutions is downloaded and the researcher’s favorite technique for determining probes detecting the same genes is employed to combine probes across platforms. The data is then transformed to the same scale on both platforms using a separate normalization step that they think works the best. One of the researchers also wants to use an alternative method for mapping the genes across platforms. This normalized data set is then analyzed in R, or using in-house scripts/programs.

Gene Graphing

Researcher X would like to know the level of a particular gene across a series of samples. He first queries the database for the appropriate samples (e.g. based on conditions) and extracts the associated data files. If the samples are cross-platform, he decides how he would like to normalize data across platforms (see above). After grouping samples according to the appropriate conditions, he loads the expression data into his favorite graphing program. He can either display the data as median-values for the group, or create a scatter plot of all samples color-coded by type.

Microarray Algorithm Development

Researcher X would like to develop a new expression summary measure. She finds a set of microarray chips run on the same platform under the same hybridization conditions. She downloads the raw image files or raw spot data and applies her new algorithm to the data, showing improvements in signal fidelity. She is also able to develop a new algorithm that detects experimental noise as aberrations in the captured image.

Summary

In all cases, there is no need to maintain probe-level data as objects within a database. In most cases, the raw data cannot be re-constructed from probe-level objects once the data has been processed. This is important both for cross-platform studies in which methods for cross-platform mapping are not well established; and for single-platform studies in which the expression measure could be processed in different ways (e.g. RMA, MAS, MBEI). In addition, samples must be normalized to each other, which will depend on the sample set being considered, the specific question to be addressed by the analysis, the quality of any given single array, and perhaps other considerations.  Furthermore, there is no standardization of the quality control measures one might consider before accepting a raw data file as acceptable.  A defect in a chip is identifiable in the raw data but is no longer discernable once that file has been converted into a table of expression values. Many programs accept various levels of raw data files (e.g. TIGR .tav files or Affymetrix CEL files). Automation of typical processing techniques could be done so that probe-level data extraction is quicker and easier.  In this way the raw data can be piped through the quality control methods, the raw processing methods, the data transformation methods, and the visualization methods that each individual feels most comfortable with.  If some of this processing is done before the data goes into the database than that limits the usefulness of the database.  


The most useful components of the database are many of the things covered by the MIAME standards.  What tissue was used?  How was it collected?  How was it treated?  In other words, what are the true conditions represented by any single array deposited in the database?  We then need to develop software that allows the retrieval of files with specific characteristics and can perhaps open and evaluate the quality of the data.  We then need software that can readily normalize and transform the datasets appropriately for the intended downstream application.  Many of these are already in use.  Finally, we need software that can be used to visualize the final processed result.  

Instead of trying to build all of this into one entity, that should be primarily concerned with storing files, we should separate the file holding step from the file processing step.  Your pantry is designed to hold food.  Once you pull food out of your pantry there are many ways that it could be processed before the final product is ready for consumption.  This variety is a good thing because not every meal requires the same exact combination of foods from the pantry or the same exact methods of processing.  Nor would it be desired even though it is possible.  Each consumer must decide which foods to remove from the pantry and how they should be processed to satisfy their appetite.  If the processing were incorporated into the pantry, it would not be possible to create a pantry that would function for every consumer.

