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STATISTICAL ANALYSIS OF LC/MS DATA

When investigating the changes in biological or 
chemical systems as a result of a chemical or toxic 
event, the comparison of control and sample 
LC/MS chromatograms is often insufficient to 
completely describe the effect. This may be due to 
differences in the metabolism of the test animals, 
fast responders or poor absorbers, or the fact that 
there may be more than one effect occurring, e.g., 
pharmacodynamic and toxic. Therefore, a more 
appropriate data reduction technique to elucidate 
variations in an LC/MS data set is to use a 
multivariate statistical approach; the simplest of 
which is Principal Components Analysis (PCA).  

PCA enables complex data to be reviewed in a 
graphical manner to easily identify similar and 
dissimilar samples, thus highlighting the variability 
in a multivariate data set. This data viewing 
approach has been successfully employed in 
several industrial applications, including food and 
beverage analysis, gasoline analysis, and process 
control monitoring. The power of pattern 
recognition methods is that they reduce a complex 
data set to two- or three-dimensional scores maps.  
These maps allow the visualization of intrinsic 
patterns in the data sets, which indicate any 
relationships between the samples, identify outliers, 
and point toward the reason behind any pattern 
that is observed.  

HOW PCA WORKS

An LC/MS data set is multi-dimensional, comprised 
of sample identification, retention time, mass, and 
intensity data. The Waters® MarkerLynx™

Application Manager for MassLynx™ Software 
effectively reduces this matrix to a two-dimensional 
data set of sample identifiers and peak intensity. 

The resulting data has variance equal to the 
number of peaks detected in the LC/MS analysis, 
as can be seen in Figure 1. Principal Components 
Analysis attempts to reduce the variance in the data 
such that it can be viewed in two or three 
dimensions. In order to explain how PCA achieves 
this, we must first consider a much simpler data set 
where there are only three variables and n
samples. If we plot the coordinates for the first 
sample in three-dimensional space, the graph in 
Figure 2 is obtained.  
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through the data which next best describes the 
variance in the data; this must be orthogonal to the 
first principal component. The ti2 value is obtained 
by the projection of the point back onto the PC2 line 
(Figure 5). The two principal components make up 
a plane in the variable space. The points are then 
projected down on the plane that can be lifted out 
and viewed as a two-dimensional plot describing 
the object’s relationships, known as a scores plot
(ti1/ti2), Figure 6. In this plot, similarities and 
dissimilarities between objects (samples) can be 
viewed. The perpendicular distance from the object 
to the projection on the plane is the residual, or the 
variation not described by the two PC values. 

Figure 5.
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Following this, we then perform the same 
operation on the rest of the samples, yielding the 
data shown in Figure 3. The mean of the swarm of 
data points produced is calculated, and the center 
of the swarm is moved to the origin of the x,y,z
plot. Next, a line is constructed through the data 
swarm which best describes the difference in the 
data set (the variance), as seen in 
Figure 4. 

Figure 3.

Figure 4.

This line is termed principal component one, PC1, 
and describes the largest variation in the data, or, 
the direction in which the points spread most in the 
variable space. The score value,ti1, is obtained by 
the projection of the point (i) onto the principal 
component line, and is the distance from this 
projection point to the origin. The second principal 
component, PC2, is obtained by plotting a line 
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The corresponding loadings plot (PC1/PC2) 
describes the variables’ relationships, and is also 
a means of interpreting the scores plot by 
indicating which variables are responsible for 
differences or similarities between objects. Once 
this process has been completed, the final plot 
generated allows a graphical visualization of data 
as shown in Figure 7, a scores plot generated from 
MarkerLynx.

The scores plot is partnered by the loadings plot 
which identifies the points, in our case m/z and 
retention time pairs, that are responsible for the 
variance in the data. In this plot, the ions at the 
greatest distance from the origin contribute most to 
the observed group clustering.

EFFECT ON METABONOMICS DATA 
PROCESSING

The usefulness of this type of multivariate statistical 
data processing in metabonomics lies in the fact 
that the samples are treated as a population. 
Therefore, any outliers due to poor adsorption or 
fast metabolizers can be either identified and 
followed, or altogether excluded from the data 
analysis. The approach of PCA has been exploited 
in the field of metabonomics to identify the 
changes in endogenous metabolite profiles due to 
a toxic effect. One great advantage of this type of 
analysis, as compared to simple chromatogram-to-
chromatogram comparisons, is that time-related 
data can be graphically represented, as shown in 
Figure 8. 

Figure 7.

Figure 8.

CONCLUSION

The identification of biomarkers of toxicity and disease 
are essential to the development of new medicines, 
especially in the field of personalized medicine. The 
discovery of the these new biomarkers requires the 
generation and processing of information-rich LC/MS 
data, to elucidate these complex patterns which describe 
the underlying biological process. The benefit of using a 
multivariate statistical approach to the analysis of this 
data is that complex biological patterns can be 
deconvoluted. Principal components analysis not only 
facilitates the visualization of these complex patterns, but 
also identifies the signals responsible for the variance in 
the data. This makes PCA the obvious initial statistical 
approach for the analysis of mass spectrometric data for 
metabonomics. 
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