Software for the Statistical XYZ TAG Problem

The goal of this work is to accurately depict the uncertainty in determining the relative composition of positional isomers in YXZ triglyceride systems based on the relative abundances of the diglyceride product ions in the collision-induced decomposition mass spectra of ammoniated triglycerides.  Although the mathematical solution is a simple linear algebraic expression of three equations and three unknowns, defining an uncertainty in the relative composition values derived from experimental ion intensities in the CID spectra is complicated, given that each of the relative composition values are constrained between 0 and 1.  

Our approach to this statistical problem has been a bruit force approach based on simulated error.  The relative abundance of the DAG product ions of the pure positional isomers were taken to be exact numbers with no uncertainty (an issue we may need to consider when refining our method).  We used this data to calculated expected ion intensities in the derived CID spectra of over 5000 different relative compositions of the three positional isomers.  We simulated real unknown data by selecting one of these 5000 sets of three derived data point and modulating the data set according to the estimate uncertainty in the ion intensities of the DAG product ions in a CID spectrum.  Using a random number generator we produced a 3 by 100 matrix based on this uncertainty and added these to the input data to produce a 3 by 100 matrix of simulated data, in which each set of three corresponds to one set of simulated relative intensities of the DAG product ions.  Each of these sets of simulated data was compared to the list of 5000 derived data sets that corresponds to the various possible compositions.   The squares of the variance in the relative ion abundances for the three DAG product ions between the simulated data set and each of the derived data sets were calculated.  These standard errors were than sorted and the ranking that corresponds to the data set that was originally selected for modulation is noted and placed on a list.  This process is repeated for each of the 100 simulated data sets.  Ultimately these data are used to estimate a 95 % confidence limit on the relative composition of the simulated test data
Inputs

1. Relative abundances of DAG product ions of the pure positional isomers

2. Error estimate on the relative intensities of the raw data

Scaffolding

A list (list 1) of all possible relative compositions of the three positional isomers in the unknown sample.  Relative compositions are between 1 and 0.  The sum of the three must add to 1 and the possible combinations should go in increments of 0.01.  This is roughly about 5000 combinations.

Data Generation

A.
Calculate the expected relative abundances of the DAG product ions for all 5000 combinations from input 1.

B.
A 3*100 matrix of randomly generated numbers with an average of zero and standard deviation of input 2. 

C.
A 3*100 matrix (list 3) corresponding to 100 sets of simulated unknown data produced from adding the random numbers generated in each column above to the expected relative abundances of the DAG product ions obtained from a pre-selected data set from one of the 5000 possible combinations in A.
D.
Calculate average deviations between the ion intensities (from C) of one of the 100 simulated data sets and each of the 5000 calculated data sets.
E.
Sort and list (list 4) the data according to the smallest average deviations. 

F. Generate the sorted list number (1-5000) from list 4 that corresponds to the pre-selected data set in C that is being examined and begin a new list (list 5) with this number.

G. Repeat steps D through F for each of the other 99 simulated data sets adding the output to the list 5.

H.
Sort the list 5 by decreasing number.

I.
Add the fifth number (95 % CL) in the sorted list 5 to a new list (list 6) as part of a paired set with the relative abundance data that corresponds to the combination being tested.
J.
Delete lists 2-5, keeping lists 1 and 6.

J. Repeat steps A. through I. using several other possible compositions.
K. Present list 6 as output.  It should have each of the tested combinations paired with the 5th largest list number from step I.  This data will allow one to estimate the 95 % CL on the analysis of real data, regardless of the actual composition of the positional isomers.

L. It is also useful to plot the 95 % uncertainty intervals on ternary plots for each of the tested compositions.  This amounts to randomly choosing one of the 100 simulated data sets and plotting points that correspond to the compositions ranging from the top hit to the 5th largest list number from step I.  
