PhD Studentship Project Proposal: AI-Driven Automation of 2DMS Data Analysis for Molecular Structure Assignment

Supervisor: Professor Peter O’Connor, University of Warwick

Introduction:
Two-dimensional mass spectrometry (2DMS) offers a powerful approach for resolving complex mixtures and elucidating molecular structures, generating comprehensive datasets rich in structural information. However, the manual processing and interpretation of these 3D datasets (m/z, m/z, intensity) is a significant bottleneck, hindering the rapid and widespread adoption of 2DMS. This project aims to develop and implement artificial intelligence (AI) and machine learning (ML) methodologies to automate the processing of 2DMS data, enabling rapid generation of comprehensive 3D peaklists and facilitating accurate assignment of molecular structures and improved database searches. This will build upon recent advances in AI/ML and advanced statistical analysis to streamline the 2DMS workflow.

Project Description:
This PhD project will focus on developing a robust and automated AI/ML pipeline for processing 2DMS data. The central hypothesis is that by employing advanced statistical techniques and machine learning algorithms, we can significantly reduce the time and effort required for data processing, improve the accuracy of peak assignment, and facilitate the identification of novel molecular structures. As O’Connor’s previous work on 2DMS showed potential for resolving complex molecules like peptides, the student will develop AI to analyze these datasets which is currently a barrier. This will be achieved through:

	1.	Development of a 2DMS Data Preprocessing Module: Creating an automated data preprocessing pipeline to handle the large volume and complexity of 2DMS data. This will involve developing algorithms for noise reduction, baseline correction, and peak alignment, ensuring data quality and consistency. These algorithms will be optimized to handle the unique characteristics of 2DMS data, such as the presence of diagonal peaks and complex fragmentation patterns.
	2.	Implementation of Machine Learning Algorithms for Peak Detection and Quantification: Implementing machine learning algorithms, such as convolutional neural networks (CNNs) or support vector machines (SVMs), to automatically detect and quantify peaks in the 3D 2DMS datasets. The student will train these algorithms using a combination of simulated and experimental data, optimizing their performance for accurate peak detection and quantification.
	3.	Application of Advanced Statistical Methods for Feature Extraction and Dimensionality Reduction: Applying advanced statistical methods, such as principal component analysis (PCA) and partial least squares discriminant analysis (PLS-DA), to extract relevant features from the 2DMS data and reduce the dimensionality of the dataset. This will facilitate the identification of key structural features and improve the efficiency of subsequent data analysis steps. The goal is to generate comprehensive peaklists as a result of these analyses.
4.	Development of an AI-Driven Molecular Structure Assignment Module: Developing an AI-driven module that integrates the processed 2DMS data with existing spectral databases and cheminformatics tools to automatically assign molecular structures. This module will utilize machine learning algorithms to predict fragmentation patterns and match experimental data with theoretical spectra, facilitating the identification of unknown compounds.
	5.	Application to Complex Samples: Applying the developed AI/ML pipeline to analyze complex samples, such as environmental extracts, biological fluids, or synthetic mixtures. The student will validate the performance of the pipeline and demonstrate its ability to identify and characterize novel molecular structures.

Expected Outcomes and Impact:
This project is expected to generate:
	•	An automated AI/ML pipeline for processing 2DMS data.
	•	Improved accuracy and efficiency of peak detection, quantification, and molecular structure assignment.
	•	A deeper understanding of the fragmentation pathways of complex molecules.
	•	Publications in high-impact journals and presentations at international conferences.

The successful completion of this project will have a significant impact on the field of mass spectrometry and analytical chemistry by providing new tools and strategies for rapidly and accurately analyzing complex data. The developed methods will be applicable to a wide range of research areas, including metabolomics, proteomics, environmental science, and drug discovery, accelerating the pace of scientific discovery and innovation.

Training and Supervision:
The PhD student will receive comprehensive training in all aspects of the project, including mass spectrometry, AI/ML, data analysis, and cheminformatics. The student will be supervised by experts in the fields of analytical chemistry and computer science and will have access to state-of-the-art facilities. The student will also have the opportunity to collaborate with researchers from other disciplines, such as biology, chemistry, and engineering.
