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similarity as sequence for its alignments. Finally, the algorithm calculates a global retention 

time correction function using a multidimensional kernel function and uses maximum 

likelihood estimation to derive the common elution profile. It should be noted that the 

assumption of the existence of a global retention time profile of samples could be wrong e.g. 

in dataset that contains chromatogram obtained with different gradient programs due to 

orthogonality. 

Many papers confuse time alignment with peak or feature matching algorithms and use the 

word “feature alignment” or “peak alignment” instead of peak matching. The origin of this 

confusion may be that retention shift correction algorithms need information of common 

compounds and one of the goals of shift correction algorithms is to find them. However, the 

goal of shift correction algorithms is not necessarily to find all common peaks (or signal of 

common compounds) between chromatograms, but to find them in a number, distribution 

and quality that allows to accurate modelling of a the shift correction function. After correction 

of shifts, the final peak matching algorithms are used to identify with highest accuracy all 

corresponding peaks across multiple chromatograms. The monotonicity aspect of shift 

correction means that the shift correction functions cannot change the elution order of the 

peaks and assumes one-to-one correspondences between chromatograms. Peak matching 

algorithms are then left dealing with the remaining orthogonality. The accuracy of the peak 

matching step depends on similarity of corresponding features in a pair of chromatograms. 

Many algorithms combine time alignment and feature matching in one module. PEPPeR, 

IDEAL-Q, SIMA58, LWBMatch68 and algorithm developed by Wandy et al69 which include 

grouping of peaks of related compounds are examples of peak matching algorithm and 

algorithms that combine time alignment with peak matching within a single module. 

To deal with datasets that show peak elution order inversion or orthogonal separation 

Bloemberg et al70 applied mass-trace optimized time warping. However, PTW does not 

assume change in the elution order of the peaks, and thus cannot deal with LC-MS(/MS) 

pairs with significant elution order inversion in the RT dimension. It is also obvious that the 

retention mechanism of analytes/stationary phase that lead to elution order inversion in two 

chromatograms is not solely depend on the m/z of the compound, but depends on other 

parameters such as complex retention time mechanisms of the eluting compounds. 

Therefore, devising different retention time correction function for different m/z does not 

account for peak elution order inversion. 

 
























































































































































































































































































































