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Microarray technology allows thousands of hybridization experiments to be conducted in parallel.  While for multiplexed reactions conditions are optimized to make the most of each probe-target interaction, subsequent analysis of these experiments is based on the implicit assumption that a given experiment gives the same result regardless of whether it was conducted individually or in parallel with many others.  It has been discussed in the literature that this assumption is frequently false, and its validity depends on the types of probes and their interactions with each other.  We offer a detailed physical model of hybridization as a means of understanding probe interactions in a multiplexed reaction and as input to the subsequent probe selection algorithm.  The model is formulated as a system of ordinary differential equations (ODE’s) describing kinetic mass action, with equations of the form 

d[TPijl]/dt = k+[T][Pij] – k–[TPijl],

and conservation-of-mass equations completing the system.

We examine pair-wise probe interactions in detail.  When target is in short supply, the probes compete for the limited amount of target, with the larger proportion going to the higher affinity probe.  This effect, in turn, increases or decreases the other probe’s match/mismatch ratio (signal).  The direction (and magnitude) of the shift in the signal can be predicted from the relative values of the affinity constants for each of the four probe sequences involved, namely, the match and mismatch for both probes.  These affinity constants are calculated from the thermodynamic parameters such as the free energy of hybridization, which are in turn computed according to the nearest neighbor (NN) model for each probe and target sequence.  This calculation is being used directly to design the mismatch probes, for example, to choose the mismatching base and its position in the probe.

Simulations based on the competitive hybridization model explain the observed variability in the signal of a given probe when measured in parallel with different groupings of other probes or individually.  The results of the simulations are used for experiment design and pooling strategies, based on which probes have been shown to have a strong effect on each other’s signal in the in silico experiment.  These results are aimed at a clear application for designing multiplexed reactions for genotyping (e.g. HLA typing) and mutation analysis (e.g. cystic fibrosis). 

