Other NMR-analysis software tools

Several software packages have been developed to facilitate NMR spectral processing, compound
identification and quantification. While some facilitate two dimensional NMR spectral processing and
compound identification (e.g., Colmar |1],Metabominer [2], dataChord (One Moon Scientific)), none are
completely automated and provide compound quantification. Furthermore, because modern metabolomics
NMR studies require the analysis of a tremendous amount of spectral data, the time required to collect 2D
NMR spectra makes their implementation prohibitive not only due to their inherent inability to facilitate
high-throughput studies but also due to complicating factors such as sample degradation within the
spectral acquisition time frame. Thus, more effort has been directed at developing software tools for 1D
NMR.

Some tools such as NMRGlue [3] and NMRPipe [4] provide basic processing functionalities. (In fact,
BAYESIL uses NMRGlue [3] for handling different input/output data formats.)

We focus on software package capable of handling high-throughput 1D metabolomics NMR data. An
ideal tool here should have the following features: (1) fully automated — in both spectral processing and
compound identification and quantification; (2) flexible and customizable — capable of analyzing a wide
(and extendable) range of different biological fluids; (3) ubiquitous — can accommodate input from different
NMR vendors, multiple spectrometer frequencies; and of course (4) accurate.

Various software packages have made incremental steps toward achieving these goals. Of the 19 that we
could identify, only a handful provide some degree of automated identification and/or quantification (1):
Colmar [1], BQuant [5], HiRes [6], Autofit [7], CEED [§], BATMAN [10], QMTLS [12], Juice Screener, Wine
Screener and Metabolic Profiler (Bruker Corporation) and Chenomx NMR Suite (Chenomx Inc.). This task
(of spectral profiling and metabolite profiling) has been tackled with a variety of algorithmic approaches —
including simple text file matching, binning [5], principal component analysis and non-negative matrix
factorization [1,/6], combinations of simulated annealing and gradient descend ( [7], Chenomx NMR Suite
(Chenomx Inc.)), cross entropy method [8] and Monte Carlo techniques [10]. However only a few of
these software packages provide automated spectral processing (LC-model [11],Juice Screener and Wine
Screener).

In terms of flexibility and customizability (2), some software packages do utilize large data-sets
(HMDB [14], BMRB [15] or MMCD [16]) but they still require the user to select a subset of the compounds,
and/or do not provide quantification [1,|2,/9]. Others are specialized to particular mixtures [11], Wine
Screener, Juice Screener and Vantera (LipoScience Inc.)) and none can accurately quantify complex
mixtures (with > 50 compounds). Moreover, many of these software packages are specific to a particular
instrument (e.g., BATMAN, CEED, QMTLS, Crockford, Wine Screener, Juice Screener, dataChord and
Vantera).

Tt is often difficult to access accuracy (4), as the descriptions of many software tools do not provide
any assessment (e.g., Juice Screener, Wine Screener and Metabolic Profiler (Bruker Corporation), Colmar,
LC-model) and many systems have been assessed merely on very simple mixtures (e.g., Metabominer [2],
Metabohunder [9], BATMAN [10] lipoprofiler/Vantera (LipoScience Inc.)) or simple spike-in experiments
[5,/12,/13].

Comparison with BATMAN

To date, the largest number of metabolites that has been automatically identified and quantified using
publicly available software is 26 compounds, by BATMAN [10]. However, an analysis of this magnitude
required several hours of CPU time to process a single spectrum. Furthermore, BATMAN also requires a
human expert to perform many of the preliminary steps. We compared BAYESIL to BATMAN on simple
computer-generated mixtures, involving 5, 10 and 20 compounds selected from BATMAN’s library, as well
as a preprocessed human serum sample. For the computer generated spectra, both BATMAN and BAYESIL
used identical libraries containing only the relevant compounds. BATMAN achieved 85 — 87% quantification



accuracy for the computer-generated mixtures but took 2-9 hours to run, while in all cases BAYESIL
achieved > 98% accuracy in less than 3 minutes. For the serum spectra, BAYESIL used a library of 50
compounds, while BATMAN used a subset of 40 compounds that its library has in common with the serum
metabolome. BATMAN took 19 hours to analyze the serum spectrum and identified all the compounds in
its library (resulting in 85% identification accuracy) and only 8% quantification accuracy compared to
BAYESIL which took 5 minutes to achieve 98% identification and 90% quantification accuracy.

To summarize, BAYESIL is the only 1D 'H NMR interpretation system that is completely automated
(both preprocessing and deconvolution) for a wide range of complex mixtures (i.e., all mammalian biofluids
covered by its current library; see www.bayesil.ca), involving > 60 compounds. Moreover, it is efficient,
general, accurate and publicly available.
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