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19.6 Pathway-focused methods
The methods described so far have been gene-focused: a P-value is found for each

gene (as described in Section 19.4) and these are then corrected for multiple com-

parisons (as described in Section 19.5). This approach may lack the power to iden-

tify many genes genuinely associated with the trait of interest, due to the stringent

criteria to be met in order to be called significant after correction for hundreds or

thousands of comparisons. However, cellular processes often involve tightly

orchestrated action of many genes, and it is these processes and not the genes them-

selves that are critical for normal functioning of a cell or organism. If deviant

behaviour of a process is associated with disease susceptibility and disease progres-

sion, several genes in the process may be involved, although each may play only a

limited role and therefore show only a weak association to the trait of interest.

In pathway-focused approaches, groups of functionally related genes are exam-

ined jointly to find signs of consistent deviation from the null hypothesis of no

association to the trait. Such approaches have the potential to discover associa-

Figure 19.9 P-values before and after adjustment for multiple comparison,
sorted in increasing order for each method. Results were found by testing a col-
lection of 578 genes for differential expression in tp53 wildtype vs. mutated
breast carcinomas using the moderated t-test.The four curves correspond to
unadjusted P-values (black), and P-values after adjustment with Benjamini-
Hochberg step-up method (red), Holm step-down method (blue), and Bon-
ferroni method (green).
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