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Results and discussion

Conclusions

Introduction
NMR-based metabolomic studies are mostly performed with proton 1D liquid-state NMR, using well-established 
protocols for (bio)fluids or extracts. Proton 1D NMR is rapid and robust but may be limited by an extensive signal 
overlap, which could impair the accurate identification and quantification of biomarkers. 

Comparison of 1D and 2D NMR Spectroscopy for Metabolic Profiling retrieved from Que N. Van et al., 2008 [1]

To overcome this limitation, 2D NMR experiments have been shown useful to improve the resolution and 
metabolite identification [2]. Although optimized software already exist for 1D NMR spectra bucketing, tools for 
automatic integration of 2D NMR spectra show limitations (format, number of peaks detected, false positives, 
time consuming, etc).

In this context, we aimed to evaluate and understand the available tools for processing 2D NMR spectra to 
identify the best methods for each step.

Different tools have been selected and tested with experimental 2D NMR COSY spectra from a mixture of 23 
standards on several criteria (ease of use, format of NMR data, time, number of peaks detected, visualization, etc.): 
• Deep picker [3]: C/C++ online tool.
• rNMR [4]: R package. 
• Specmine [5]: R package. 

Throughout this process, we observed that input file format did not affect loading time. For peak picking method, the Local maxima approach was the simplest for small datasets while Deep learning and Threshold based 
method, especially CNN, provided more accurate results when compared to manual peak picking. Further analysis of each peak picking method with multiple spectra is needed to assess the methods usability. 
We also need to determine the best way to compare peak integration methods, as different integration approaches may yield varying results.

• MVApack [6]: GNU octave tool. 
• Jason (commercial tool from Jeol) 
• PeakViewer: Home-built Matlab program. 

The file used for the test was based on 2D COSY spectra from a single mixture and had a weight which varied
depending on the input format chosen (8.2 Mo to 213 Mo).

Except for Deep picker with a loading time of 60 to 120 seconds, every other tool took around 3 to 10 second to 
load our input file.

However, this difference may not have been caused by their loading file function but rather because it is an online 
tool.

For approximately 150 to 640 peaks, run times were: Deep Picker: Local Maxima (0-30s), 
DNN (40-60s), CNN (20s), and around 2 to 10 second for every other tools/methods. 
Deep learning methods especially the CNN method, were the most accurate when we 
looked at True positives detected.

Local Maxima offers optimized run time but lower peak selection efficiency, while DNN 
and CNN sacrifice speed for better accuracy. Using different noise thresholds yielded 
similar results, except PeakViewer's Threshold-based function which excelled with a strong 
threshold: 93% true positives for 150 peaks, compared to 90% for CNN.

To understand the impact of the different peak picking and noise management method, the 
following were tested: 
• 4 different noise thresholds (around 150, 400, 650 and 900 peaks detected) 
• 7 different peak picking methods

While decreasing the noise threshold, we greatly increased the number of False positives peaks
detected:
• For 640 peaks detected, 250 to 300 wrongfully detected peaks (almost 50%). 
• Methods based on deep learning (DP1:DNN, DP2:CNN) have a better ratio of rightfully detected

peaks.

Those tools need different format of input 
file and are made up of different methods of 
peak picking and integration methods.

The results of those methods, shown 
on the right, will be compared using 
peak picking and peak integration 
done by an expert.

The most used peak picking method is based on local maximum (Local Max) detected around the spectra but 
less known methods such as Deep learning based (Deep & Convolutional Neural Network), Threshold based
(ThresholdB) or Wavelet detection method (Wavelet) were also tested. Those approaches were adapted to 
specifically treat NMR data.

Material and methods
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