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Schedule at a Glance 

   

 Day 1 --- Monday Aug. 15 Day 2 --- Tuesday Aug. 16 Day 3 --- Wednesday Aug. 17 

8:00:00 AM Registration (Foyer --- 1000B) Registration (Foyer --- 1000B) Oceania & Asia Remote (Room 1140)         

       

8:20:00 AM 
Opening Remarks (Room 
1140)     

       

8:30:00 AM Keynote (Room 1140) Keynote (Room 1140)   

 Theodore Perkins Jennifer Hallinan   

9:30:00 AM Intersession (Foyer --- 1000B) Intersession (Foyer --- 1000B) Intersession (Foyer --- 1000B) 

       

9:40:00 AM SS3 Drugs (Room 1140)           
Protein & Gene Network (Room 
1140)           Algorithms (Room 1140)           

       
10:40:00 

AM Coffee (Foyer --- 1000B) Coffee (Foyer --- 1000B) Coffee (Foyer --- 1000B) 

       
11:10:00 

AM Short Papers (Room 1140)           Short Papers (Room 1140)           Short Papers (Room 1140)           

       
11:30:00 

AM Cancer (Room 1140)           Tutorial (Room 1140) COVID (Room 1140)           

   Shandar Ahmad   
12:30:00 

PM Lunch Lunch Lunch 

 On Your Own Provided by the Conference On Your Own  

2:00:00 PM Tutorial (Room 1140) Workshop (Room 1140) Tutorial (Room 1140) 

 Andreea Avramescu   Joseph Brown 

3:00:00 PM Coffee (Foyer --- 1000B) Coffee (Foyer --- 1000B) Coffee (Foyer --- 1000B) 

       

3:20:00 PM ANN & SS1 Legal (Room 1140)           Europe & North America Remote           SS2 Rep & Feature (Room 1140)           

    (Room 1140)   

     Closing Remarks (Room 1140) 

       

5:00:00 PM BBTC Meeting (Room 1140)   

6:30:00 PM  Banquet (Room 12102)  
to 10:30:00 

PM    
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Venue Map  
Located at the University of Ottawa in the Desmarais Building (55 Laurier Ave. E, Ottawa) 
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Day 1 – Monday August 15th, 2022  
 

8:00 
AM 

Foyer 
(Room 
1000B) 

Registration 

   
   
 

 

8:20 
AM 

Room 
1140 

Opening Remarks 

  Gary Fogel & Sheridan Houghten 
   
 

 

8:30 
AM 

Room 
1140 

Keynote Presentation 
Theodore Perkins 

  Session Chair: Gary Fogel 

   
  How Gene Regulatory Dynamics Influence Network Inference 
   Theodore Perkins 

University of Ottawa and The Ottawa Hospital Research Institute, 
Canada 

 

 

9:30 
AM 

Foyer 
(Room 
1000B) 

Intersession Break 
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9:40 
AM 

Room 
1140 

Special Session on Artificial Intelligence for Drug 
Design 

  Session Chair: Yifeng Li 
   
9:40 AM Paper 3422 Exploring Multi-Objective Deep Reinforcement Learning Methods For 

Drug Design 
   Aws Al Jumaily, Muhetaer Mukaidaisi, Andrew Vu, Alain Tchagang 

and Yifeng Li 
     
9:55 AM Paper 4691 Compound Virtual Screening by Learning-to-Rank with Gradient Boosting 

Decision Tree and Enrichment-based Cumulative Gain 
   Kairi Furui and Masahito Ohue 
     
10:10 AM Paper 7854 DDIPred: Graph Convolutional Network-based Drug-drug Interactions 

Prediction using Drug Chemical Structure Embedding 
   Shaghayegh Sadeghi and Alioune Ngom 
     
10:25 AM Paper 4821 Towards a Classification Scheme for Inferring the Atomic Composition of 

Drug-like Molecules from their Quantum Derived Electronic Properties 
   Alain Tchagang and Julio Valdés 
     
 

 

10:40 
AM 

Foyer 
(Room 
1000B) 

Coffee and Refreshments  
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11:10 
AM 

Room 
1140 

Short Paper Session on Drug Design and Brain 
Imaging 

  Session Chair: Gary Fogel 
   
11:10 AM Paper 1553 Cooperative Multi-objective Particle Swarm Optimization and Differential 

Evolution for Drug Design 
   Nicholas Aksamit, Beatrice Ombuki-Berman and Yifeng Li 
     
11:15 AM Paper 6136 Deep Graph Generation of Small Molecules Guided by Drug-Likeness 
   Abhishek Dutta 
     
11:20 PM Paper 4252 MRI-EEG Instance Discrimination for Brain Lesion Identification (Remote) 
   Samayan Bhattacharya, Avigyan Bhattacharya and Sk Shahnawaz 
 

 

11:30 
AM 

Room 
1140 

Session on Computational Intelligence for Cancer 
Research 

  Session Chair: Gary Fogel 
   
11:30 AM Paper 4647 SetQuence & SetOmic: Deep Set Transformer-based Representations of 

Cancer Multi-Omics 
   Neringa Jurenaite, Daniel Leon-Perinan, Veronika Donath, Sunna 

Torge and Rene Jaekel 
     
11:45 AM Paper 8767 Accurate Nuclei Segmentation in Breast Cancer Tumour Biopsies 
   Surya Kasturi, William Tran and Alex Shenfield 
     
12:00 PM Paper 6340 Analysis of microwave scans of cancer patients for classification of 

treated and untreated breast tissue 
   Anita Garland, Helder Oliveira, Elise Fear, Svetlana Yanushkevich, 

Katrin Smith, Jeremie Bourqui, James Pinilla, Alison Gourley, Sarah 
Quirk, Michael Roumeliotis, Petra Grendarova and Mark Lesiuk 

     
12:15 PM Paper 1974 Identification of the Prognostic Signatures for IDH Mutant Glioma 
   Yasin Mamatjan, Mathew Voisin, Farshad Nassiri, Mira Salih, Fabio 

Moraes, Severa Bunda, Risalet Tursun, Andreas Deimling, Kenneth 
Aldape and Gelareh Zadeh 
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12:30 
PM 

 Lunch  
On your own  

   
   
 

 

2:00 
PM 

Room 
1140 

Tutorial 

  Andreea Avramescu 
   
  Personalised medicine: Introduction + Supply chain challenges + 

Optimization methods 
   Andreea Avramescu 

University of Manchester, United Kingdom 
 

 

3:00 
PM 

Foyer 
(Room 
1000B) 

Coffee and Refreshments  
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3:20 
PM 

Room 
1140 

Session on Applications of Artificial Neural 
Networks and Special Session on Legal and Ethical 
Aspects of AI Systems in the Biomedical Field 

  Session Chair: Kay Wiese 
   
3:35 PM Paper 0198 geneDRAGNN: Gene Disease Prioritization using Graph Neural Networks 
   Awni Altabaa, David Huang, Ciaran Byles-Ho, Hani Khatib, Fabian 

Sosa and Ting Hu 
     
3:50 PM Paper 6684 Classification of Parkinson’s Disease Patients and Effectiveness of 

Medication for Freezing of Gait 
   Omid Mohamad Beigi, Ligia Reis Nobrega, Sheridan Houghten, 

Adriano de Oliveira Andrade and Adriano Alves Pereira 
     
4:05 PM Paper 9949 Identification of Synthetic Engineering in Prokaryotic Genomes Using 

Evolved Neural Networks 
   Gary B. Fogel, Enoch S. Liu, Brad Abramson, Semar Petrus, Tyler 

Barrus, Granger Sutton, Todd Michael and Sterling Thomas 
     
4:20 PM Paper 1373 DeePSLiM: A Deep Learning Approach to Identify Predictive Short-linear 

Motifs for Protein Sequence Classification 
   Alexandru Filip, Shaghayegh Sadeghi, Alioune Ngom and Luis Rueda 
     
4:35 PM Paper 1085 EvoDNN - Evolving Weights, Biases, and Activation Functions in a Deep 

Neural Network 
   Peiyu Cui and Kay Wiese 
     
4:50 PM Paper 8314 Big Biological Data: Need for a Reorientation of the Governance 

Framework (Remote) 
   Esra Demir 
     
   
 

4:50 
PM 

Foyer 
(Room 
1000B) 

Intersession Break 

 

5:00 
PM 

Room 
1140 

Meeting of the IEEE CIS Bioinformatics and 
Bioengineering Technical Committee 
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Day 2 – Tuesday August 16th, 2022  
 

8:00 
AM 

Foyer 
(Room 
1000B) 

Registration 

   
 

 

8:30 
AM 

Room 
1140 

Keynote Presentation 
Jennifer Hallinan 

  Session Chair: Sheridan Houghten 

   
  Helping Nature Find a Way: the Role of Computational Intelligence in 

Synthetic Biology 
   Jennifer Hallinan 

BioThink, Australia  
 

 

9:30 
AM 

Foyer 
(Room 
1000B) 

Intersession Break 
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9:40 
AM 

Room 
1140 

Session on Computational Intelligence on Gene 
Network and Protein Research  

  Session Chair: Gonzalo Ruz 
   
9:40 AM Paper 0826 TooT-BERT-M: Discriminating membrane proteins from non-membrane 

proteins using a BERT representation of protein primary sequences 
   Hamed Ghazikhani and Gregory Butler 
     
9:55 AM Paper 5655 Predicting the specific substrate for transmembrane transport proteins 

using a BERT language model 
   Sima Ataei and Gregory Butler 
     
10:25 AM Paper 8401 Length-Based Substructure Mutation Policies for Improved RNA Design 

via Simulated Annealing 
   Ryan McBride and Herbert H. Tsang 
     
10:10 AM Paper 1490 Learning binary threshold networks for gene regulatory network 

modeling 
   Gonzalo A. Ruz and Eric Goles 
     
   
    
 

 

10:40 
AM 

Foyer 
(Room 
1000B) 

Coffee and Refreshments  
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11:10 
AM 

Room 
1140 

Short Paper Session on Cancer and Disease-Gene 
Networks 

  Session Chair: Simone Spolaor  
   
11:10 AM Paper 9465 Text-Mining based Feature Selection for Machine Leaning in Anti-Cancer 

Drug Response Prediction 
   Grace Wu Grace Wu, Ishaan Goswami, Arvin Zaker and Arvind Singh 

Mer 
     
11:15 AM Paper 2362 Characterization of Key Cancer Stem Cell-related Genes with Prognostic 

Significance in Glioblastoma (Remote) 
   Hoang Dang Huy, Khoa Ta Hoang Dang, Truc Nguyen Tran Thanh and 

Khanh Le Nguyen Quoc 
     
11:20 PM Paper 3108 Application of probabilistic integration to disease-gene networks: 

challenges and ways forward (Remote) 
   Aoesha Alsobhe, James Skelton, Elisa Anastasi, Simon Cockell, Anil 

Wipat and Katherine James 
 

 

11:30 
AM 

Room 
1140 

Tutorial 

  Shandar Ahmad 
   
  Genetic Algorithm based feature selection and model training for 

biological systems 
   Shandar Ahmad 

Jawaharlal Nehru University, India 
 

 

12:30 
PM 

Room 
12102 

Lunch 
Provided by the Conference 
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2:00 
PM 

Room 
1140 

Workshop on Computational Intelligence Tools for 
Bioinformatics and Computational Biology 

  Session Chair: Sheridan Houghten 
   
2:00 PM  Simpful 
  Simone Spolaor 

Simpful and pyFUME are two Python libraries that allow the 
definition of interpretable AI systems in the form of fuzzy models, 
developed to fit the needs of both academics and practitioners. The 
libraries are easy to use for beginners because of their pre-
implemented and user-friendly pipelines, and flexible enough for 
scientists who wish to fine-tune each step of the fuzzy model 
development process. 

    
2:15 PM  PyFume 
  Simone Spolaor 

See above.  
    
2:30 PM  GADGIT 
   Tristan Navikevicius 

GADGIT is a Python toolbox to assist researchers in identifying 
genes that are complicit in the presentation of a genetic 
disease. It uses a multi-objective genetic algorithm to identify 
and rank potential disease genes. 

    
2:45 PM  Xeva 
  Arvind Singh Mer 

Xeva (XEnograft Visualization & Analysis) is an open-source software 
package in R for processing, visualization, and integrative analysis of 
a compendium of in vivo pharmacogenomic datasets. 

    
 

3:00 
PM 

Foyer 
(Room 
1000B) 

Coffee and Refreshments  

   
   
 

  



P a g e  | 12 

 

 

3:20 
PM 

Room 
1140 

Europe and North American Remote Session 

  Session Chair: Marco Nobile 
   
3:20 PM Paper 8499 Predicting and Characterizing Legal Claims of Hospitals with 

Computational Intelligence: the Legal and Ethical Implications 
   Chiara Gallese, Caro Fuchs, Simone G. Riva, Emanuela Foglia, 

Fabrizio Schettini, Lucrezia Ferrario, Elena Falletti and Marco S. 
Nobile 

     
3:35 PM Paper 1821 A Deep Learning Pipeline for the Automatic cell type Assignment of 

scRNA-seq Data 
   Simone G. Riva, Brynelle Myers, Paolo Cazzaniga and Andrea 

Tangherloni 
     
3:50 PM Paper 1708 Multi-objective Optimization for Marker Panel Identification in Single-cell 

Data 
   Andrea Tangherloni, Simone G. Riva, Brynelle Myers and Paolo 

Cazzaniga 
     
4:05 PM Paper 4235 Data Driven Estimation of Cluster Number in Multiplex Cell Images From 

Deep Embedding Density 
   Spencer Thomas 
     
4:20 PM Paper 6293 Bleeding classification in Wireless Capsule Endoscopy Images based on 

Inception-ResNet-V2  and CNNs 
   Anass Garbaz, Samira Lafraxo, Said Charfi, Mohamed El Ansari and 

Lahcen Koutti 
     
4:35 PM Paper 2028 Automated Detection of ERP artifacts of auditory oddball paradigm by 

Unsupervised Machine Learning Algorithm 
   Rafia Akhter, Faraz Ahmad and Fred R Beyette 
4:50 PM Paper 5782 Assessment of the association between physical behaviours, 

psychological and body composition factors, medicine consumption and 
differences pre- and post-surgery of Canadian patients who regained 
weight after bariatric surgery 

   Fatemeh Zaremehrjardi, Ryan E.R. Reid, Ross E. Andersen and James 
Alexander Hughes 

     
5:05 PM Paper 7137 Deep Learning and Ensemble Method for Optic Disc and Cup 

Segmentation 
   Jongwoo Kim, Loc Tran, Tunde Peto and Emily Y. Chew 
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6:30 
PM 

Room 
12102 

Banquet  

 -  
10:30 
PM 
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Day 3 – Wednesday August 17th, 2022  
 

8:00 
AM 

Room 
1140 

Oceania & Asia Remote Session 

  Session Chair: Jennifer Hallinan   
   
8:00 AM Paper 6503 Ensemble Regression Modelling for Genetic Network Inference 
   Hasini Nakulugamuwa Gamage, Madhu Chetty, Adrian Shatte and 

Jennifer Hallinan 
     
8:15 AM Paper 8041 Integrating steady-state and dynamic gene expression data for improving 

GRN modelling 
   Jaskaran Kaur Gill, Madhu Chetty, Adrian Shatte and Jennifer 

Hallinan 
     
8:30 AM Paper 0235 Non-Invasive Blood Pressure Measurement Using A Mobile Phone 

Camera 
   Yuxuan Zhang, Xiao Zhang and Jinlian Du 
     
8:45 AM Paper 4199 Inference of Genetic Networks using Random Forests: A Quantitative 

Weighting Method for Gene Expression Data 
   Shuhei Kimura, Kazuki Sota and Masato Tokuhisa 
     
9:00 AM Paper 7181 HPC enabled a Novel Deep Fuzzy Scalable Clustering Algorithm and its 

Application for Protein Data 
   Preeti Jha, Aruna Tiwari, Neha Bharill, Milind Ratnaparkhe, Om 

Prakash Patel, Vaibhav Anand, Sudhanshu Arya and Tanmay Singh 
     
9:15 AM Paper 1887 Automated Portfolio Generation for Selection Hyper-heuristics: an 

Application to Protein Structure Prediction on 2D HP Model 
   Mustafa Misir 
 

 

9:30 
AM 

Foyer 
(Room 
1000B) 

Intersession Break 
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9:40 
AM 

Room 
1140 

Session on Applications of Unconventional 
Computing 

  Session Chair: Andreea Avramescu 
   
9:40 AM Paper 2407 Automatic diverse subset selection from enzyme families by solving the 

maximum diversity problem 
   Anil Wipat, Christian Atallah, Katherine James, Zhen Ou, James 

Skelton, David Markham, James Finnigan and Simon Charnock 
     
9:55 AM Paper 9953 Entanglement Mapping: A Novel Method to Detect Interacting SNPs in 

Genome-Wide Studies 
   Evanjelin Mahmoodi, Anthony Musolf, James Malley and Joan 

Bailey-Wilson 
     
10:10 AM Paper 8890 Composite Facility Location Problems: A Case Study of Personalised 

Medicine 
   Andreea Avramescu, Richard Allmendinger, Manuel Lopez-Ibanez 

and Adriana Lopes 
     
10:25 AM Paper 3829 Prioritizing Variants using Rough-set based Relevance Algorithm for 

GWAS (Remote) 
   Jyoti Sharma, Khadija Sana Hafeez and Sushmita Paul 
     
 

 

10:40 
AM 

Foyer 
(Room 
1000B) 

Coffee and Refreshments  
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11:10 
AM 

Room 
1140 

Short Paper Session on Applications of 
Unconventional Computing 

  Session Chair: Michael Dubé  
   
11:10 AM Paper 6075 A Novel Recommender System for Stroke Risk Stratification 
   Nour Dekhil, Yasin Mamatjan, Safwat Hassan and Mira Salih 
     
11:15 AM Paper 0264 The Impact of Preprocessing on the Automated Scoring of the USMLE 

Step 2 Clinical Skills Exam 
   Stephanie Yi Fei Lu, Sneha Balaji, Nupur Shenoy, Minahil Bakhtawar, 

Jonathan Chan and Thanyathorn Thanapattheerakul  
     
11:20 PM Paper 3381 A branching process for the sequence similarity distributions on the 

Teleosts (Remote) 
   Yue Zhang 
 
 
 

   

11:30 
AM 

Room 
1140 

Session on COVID-19 

  Session Chair: Michael Dubé  
   
11:30 AM Paper 0841 Evaluation of Frameworks for Epidemic Variants and Infectivity using an 

Evolutionary Algorithm 
   Michael Dubé and Sheridan Houghten 
     
11:45 AM Paper 6655 Evolving Lockdown Strategies to Minimize Infections in an Epidemic 
   James Sargant, Michael Dubé and Sheridan Houghten 
     
12:00 PM Paper 6790 Comparing Interpretable AI Approaches for the Clinical Environment: an 

Application to COVID-19 (Remote)  
   Mohsen Abbaspour Onari, Marco S. Nobile, Isel Grau Garcia, Caro 

Fuchs, Yingqian Zhang, Arjen-Kars Boer and Volkher Scharnhorst 
     
 

12:30 
PM 

 Lunch 
On your own 
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2:00 
PM 

Room 
1140 

Tutorial 

  Joseph Brown 
   
  Multiple Worlds Model 
   Joseph Brown 

Canada 
 

3:00 
PM 

Foyer 
(Room 
1000B) 

Coffee and Refreshments  

   
   
 

3:20 
PM 

Room 
1140 

Special Session on Candidate Solution 
Representation and Fitness Landscape 
Manipulation and Session on Feature Analysis  

  Session Chair: Daniele Maria Papetti  
   
3:20 PM Paper 9866 Handling Sparse Longitudinal Data with Irregular Missing Data - Analysis 

of Fecal Coliform Bacteria Data (Remote) 
   Shuai You, Xiaolin Huang, Li Xing, Youlian Pan and Xuekui Zhang 
     
3:35 PM Paper 6184 Local Bubble Dilation Functions: Hypersphere-bounded Landscape 

Deformations Simplify Global Optimization 
   Daniele Papetti, Vasco Coelho, Daniel A. Ashlock, Paolo Cazzaniga, 

Simone Spolaor, Daniela Besozzi and Marco S. Nobile 
     
3:50 PM Paper 4750 The Impact of Variable Selection and Transformation on the 

Interpretability and Accuracy of Fuzzy Models 
   Caro Fuchs, Simone Spolaor, Uzay Kaymak and Marco S. Nobile 
     
4:05 PM Paper 5987 Sensitivity Analysis of Stroke Predictors Using Structural Equation 

Modeling and Bayesian Networks (Remote) 
   Helder Oliveira, Mohammed Almekhlafi and Svetlana Yanushkevich 
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4:20 
PM 

Room 
1140 

Closing Remarks 

  Gary Fogel & Sheridan Houghten 
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Authors and Abstracts 

[0198] geneDRAGNN: Gene Disease Prioritization using Graph Neural Networks. 

Awni Altabaa (Queen's University), David Huang (Queen's University), Ciaran Byles-Ho (Queen's 
University), Hani Khatib (Queen's University), Fabian Sosa (Queen's University) and Ting Hu 
(Queen's University).  

Abstract. Many human diseases exhibit a complex genetic etiology impacted by various genes and 
proteins in a large network of interactions. The process of evaluating gene-disease associations 
through in-vivo experiments is both time-consuming and expensive. Thus, network-based 
computational methods capable of modeling the complex interplay between molecular components 
can lead to more targeted evaluation. In this paper, we propose and evaluate geneDRAGNN: a 
general data processing and machine learning methodology for exploiting information about gene-
gene interaction networks for predicting gene-disease association. We demonstrate that information 
derived from the gene-gene interaction network can significantly improve the performance of gene-
disease association prediction models. We apply this methodology to lung adenocarcinoma, a 
histological subtype of lung cancer. We identify new potential genes-disease associations and 
provide supportive evidence for the association through gene-set enrichment and literature based 
analysis. 

 

[0235] Non-Invasive Blood Pressure Measurement Using A Mobile Phone Camera. 

Yuxuan Zhang (Beijing University of Technology), Xiao Zhang (Beijing University of Technology) 
and Jinlian Du (Beijing University of Technology).  

Abstract. In recent years, health sensing through smartphones has been more and more popular 
with the improvement of sensors and processing capacity. In this paper, we focus on capturing a 
fingertip video with a smartphone to monitor blood pressure. Current measurement techniques, 
however, require intrusive methods or inaccurate measurements. We present a low-cost system that 
uses smartphone cameras and a light source and our self-built convolutional neural network to 
measure blood pressure. We recruit 34 volunteers to verify our method. After 10-fold cross-
validation, the mean absolute errors of our model for systolic and diastolic blood pressure were 4.44 
mmHg and 3.68 mmHg, meeting the Association for the Advancement of Medical Instrumentation 
(AAMI) and British Hypertension Society (BHS) Grade A standards for blood pressure monitors. The 
method can be applied to every mobile device with a camera and has a wide range of applications. 
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[0264] The Impact of Preprocessing on the Automated Scoring of the USMLE Step 2 Clinical Skills 
Exam. 

Stephanie Yi Fei Lu (Division of Engineering Science, University of Toronto), Sneha Balaji 
(Division of Engineering Science, University of Toronto), Nupur Shenoy (Division of Engineering 
Science, University of Toronto), Minahil Bakhtawar (Division of Engineering Science, University 
of Toronto), Jonathan Chan (School of Information Technology, King Mongkut's University of 
Technology Thonburi) and Thanyathorn Thanapattheerakul (School of Information Technology, 
King Mongkut's University of Technology Thonburi).  

Abstract. The assessment of the skill of writing patient notes for clinical cases is a valuable 
component of the United States Medical Licensing Examination (USMLE). In this paper, we 
investigate the impact of preprocessing techniques to score patient notes in the Step 2 Clinical Skills 
(CS) component of the USMLE based on the first place submission to the “NBME - Score Clinical 
Patient Notes” Kaggle competition. We preprocessed the patient note and feature description text 
with text cleaning and mapping/expanding abbreviations before passing the text through the top 
model. Preliminary results mostly demonstrate minor to major decreases in model performance, 
where converting the text to lowercase and removing hyphens in “1-year” and “-OR-” resulted in an 
improvement in model performance. 

 

[0826] TooT-BERT-M: Discriminating membrane proteins from non-membrane proteins using a 
BERT representation of protein primary sequences. 

Hamed Ghazikhani (Concordia University) and Gregory Butler (Concordia University).  

Abstract. Membrane proteins account for approximately 30% of all proteins in a cell. These proteins 
are difficult to study due to their hydrophobic surface and reliance on the original in vivo 
environment. This paper proposes TooT-BERT-M, a technique for detecting membrane proteins 
based on the Bidirectional Encoder Representations from Transformers (BERT) representation. BERT 
is a technique for learning contextual embeddings for individual amino acids in a protein sequence. 
We trained a Logistic Regression to discriminate membrane proteins from non-membrane proteins 
and obtained a classification accuracy of 92.46% and an MCC of 0.85. Additionally, we compared 
frozen and fine-tuned BERT representations to determine which should be used for membrane 
protein identification. The results are cutting-edge in predicting membrane proteins and statistically 
significant compared to previous work. 
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[0841] Evaluation of Frameworks for Epidemic Variants and Infectivity using an Evolutionary 
Algorithm. 

Michael Dubé (University of Guelph) and Sheridan Houghten (Brock University).  

Abstract. An evolutionary algorithm is used to evolve personal contact networks representing the 
individuals in a population and the interactions between them. Such networks can be used to track 
the progress of an epidemic, as it passes from infected individuals to others. Two fitness functions 
are used: epidemic duration and epidemic spread. Each of these is evaluated in the context of new 
variants being introduced during the course of the epidemic. Individuals infected with one variant 
obtain immunity to that variant and possible partial immunity to future variants. 

Two frameworks for epidemic variants are presented. In the first, infectivity is coupled directly to 
how well an individual’s immunity covers the variant. In the second, infectivity is decoupled, causing 
a much higher number of infections but with many of lessened severity due to immunity. 

 

[1085] EvoDNN - Evolving Weights, Biases, and Activation Functions in a Deep Neural Network. 

Peiyu Cui (Simon Fraser University) and Kay Wiese (Simon Fraser University).  

Abstract. Many problems in Computational Biology and Bioinformatics involve classification, such as 
the classification of cell samples into malignant (cancer) or benign (normal). For such tasks, an 
evolutionary deep neural network that employs an evolutionary algorithm to evolve deep 
heterogeneous feed-forward neural networks (EvoDNN) can be employed. While the majority of 
current feed-forward neural networks employ user-defined homogeneous activation functions, 
EvoDNN creates heterogeneous multi-layer networks where each neuron's activation function is not 
statically defined by the user, but dynamically updated during evolution. Activation functions in 
EvoDNN do not need to be differentiable. This feature gives users a great degree of flexibility over 
which activation functions EvoDNN can utilize. This paper extends previous work on EvoDNN by 
analyzing a more extensive set of data sets and studying variations of the internal topology of the 
EvoDNN model. We also compare our model to several other popular models and demonstrate 
superior performance on several data sets. 
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[1373] DeePSLiM: A Deep Learning Approach to Identify Predictive Short-linear Motifs for 
Protein Sequence Classification. 

Alexandru Filip (School of Computer Science, University of Windsor), Shaghayegh Sadeghi 
(School of Computer Science, University of Windsor), Alioune Ngom (School of Computer 
Science, University of Windsor) and Luis Rueda (School of Computer Science, University of 
Windsor).  

Abstract. LiMs (Short Linear Motifs) are patterns of three to ∼20 amino acids within proteins that are 
sufficient to fulfill certain functions. SLiMs play a critical role in many biological processes. Hence, 
with the increasing quantity of biological data, it is important to develop algorithms that can quickly 
find patterns in large databases of DNA, RNA and protein sequences. Previous research has been very 
successful at applying deep learning methods to the problems of motif detection as well as 
classification of biological sequences. There are, however, limitations to these approaches. Most are 
limited to finding motifs of a single length. In addition, most research has focused on DNA and RNA, 
both of which use a four-letter alphabet. A few of these have attempted to apply deep learning 
methods on the larger, twenty letter, alphabet of proteins. We present an enhanced deep learning 
model, called DeePSLiM, capable of detecting predictive SLiMs in protein sequences. The model is a 
shallow network that can be trained quickly on large amounts of data. The SLiMs are predictive 
because they can be used to classify the sequences into their respective families. 

In this study, first, we propose a new deep learning approach for finding predictive SLiMs in protein 
sequences. Then, we use these predictive SLiMs for the classification task of protein sequences to 
evaluate our proposed method. The model was able to reach scores of 94.5% on accuracy, precision, 
recall, F1-Score, and Matthews-correlation coefficient, as well as 99.9% area under the receiver 
operator characteristic curve (AUROC). 

 

[1490] Learning binary threshold networks for gene regulatory network modeling. 

Gonzalo A. Ruz (Facultad de Ingeniería y Ciencias, Universidad Adolfo Ibáñez) and Eric Goles 
(Facultad de Ingeniería y Ciencias, Universidad Adolfo Ibáñez).  

Abstract. Inspired by the resent trend of binary neural networks, where weights and activation 
thresholds are represented using 1 and -1 such that they can be stored in 1-bit instead of full 
precision, we explore this approach for gene regulatory network modeling. An evolutionary 
computation approach to learn binary threshold networks is presented. In particular, we consider 
differential evolution and particle swarm optimization. We test our method by inferring binary 
threshold networks of a regulatory network of Quorum sensing systems in bacterium 
Paraburkholderia phytofirmans PsJN. We present results for weights having only 1 and -1 values, and 
consider different activation thresholds. Full binary threshold networks were found with minimum 
error (2 bits), whereas when the binary restriction is relaxed for the activation thresholds, networks 
with 0 bit error were found. 
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[1553] Cooperative Multi-objective Particle Swarm Optimization and Differential Evolution for 
Drug Design. 

Nicholas Aksamit (Department of Computer Science, Brock University), Beatrice Ombuki-
Berman (Department of Computer Science, Brock University) and Yifeng Li (Department of 
Computer Science, Brock University).  

Abstract. De novo drug design involves the selection of molecular candidates with improved 
pharmacokinetic properties. Although multi-objective metaheuristics have been proposed in the 
literature, the available work converts the multi-objective problem into a single objective by 
employing a weighted sum fitness approach. In this preliminary study, we provide a comparison 
between two cooperative multi-objective optimizers using particle swarm optimization and 
differential evolution algorithm using Pareto fitness evaluation method for the aforementioned 
problem. Preliminary results indicate that the proposed differential evolution algorithm outperforms 
the particle swarm based approach. However, this study will further examine variants of the said 
optimizers, and carry out a scalability study  with increase in the number of objectives including 
binding affinity from molecular docking as an objective measure. 

 

[1708] Multi-objective Optimization for Marker Panel Identification in Single-cell Data. 

Andrea Tangherloni (Department of Human and Social Sciences, University of Bergamo), 
Simone G. Riva (Weatherall Institute of Molecular Medicine, Radcliffe Department of Medicine, 
University of Oxford), Brynelle Myers (Wellcome Centre for Human Genetics, University of 
Oxford) and Paolo Cazzaniga (Department of Human and Social Sciences, University of 
Bergamo).  

Abstract. The computational analyses of single-cell data, aimed at elucidating and characterizing the 
functional roles of known and putative novel cell types, are enabling a thorough understanding of the 
processes driving cell development and pathology progression. The isolation of specific cell types is a 
crucial step to perform detailed analyses but requires the identification of succinct marker panels, 
which include genes that refer to cell surface proteins and clusters of differentiation molecules. This 
still represents a challenging NP-hard computational problem, which can be tackled through global 
optimization techniques. In this work, we formulate the marker panel identification problem as a 
multi-objective optimization problem, where the first objective regards the capability of the marker 
panels to accurately discriminate different cell types, while the second objective is related to the 
number of genes to include in the panel. In particular, we compared the performance of two multi-
objective optimization algorithms, as well as of Genetic Algorithms (GAs) when considering only the 
first objective, employing two different representations for the candidate solutions. Our results show 
that the multi-objective optimization algorithms are better than GAs, both considering the quality 
and the consistency of the obtained marker panels; moreover, the collected results point out that 
different representations of the candidate solution have a relevant impact on the performance of the 
optimization algorithms. 
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[1821] A Deep Learning Pipeline for the Automatic cell type Assignment of scRNA-seq Data. 

Simone G. Riva (Weatherall Institute of Molecular Medicine, Radcliffe Department of Medicine, 
University of Oxford), Brynelle Myers (Wellcome Centre for Human Genetics, University of 
Oxford), Paolo Cazzaniga (Department of Human and Social Sciences, University of Bergamo) 
and Andrea Tangherloni (Department of Human and Social Sciences, University of Bergamo).  

Abstract. The increasing number of single-cell transcriptomics and single-cell RNA sequencing studies 
are allowing for a deeper understanding of the molecular processes underlying the normal 
development of an organism, as well as the onset of pathologies. In this context, cell type annotation 
represents a crucial step for the analysis of single-cell RNA sequencing data, which is usually 
performed by means of time-consuming and possibly biased manual processes, carried out by expert 
biologists. Recently, alternative computational tools have been proposed to realize an automatic cell 
identification either based on supervised or unsupervised Machine Learning approaches. These 
methods typically exploit gene expression data of curated marker gene databases to associate gene 
expression profiles of single cells with a cell type. In this paper, we propose a novel fully-automatic 
computational pipeline, named single-cell Automatic Labeling of cell POpulations (scALPO), which 
leverages a Long Short-Term Memory Neural Network to assign the cell types. Specifically, scALPO 
can label the provided clusters by simply relying on marker genes rather than gene expressions. Our 
results, obtained by considering two different datasets, show that scALPO outperforms the most 
promising state-of-the-art approaches (i.e., SCSA and scType), achieving a cell type annotation more 
similar to the manually-created ground truth. 

 
 

[1887] Automated Portfolio Generation for Selection Hyper-heuristics: an Application to Protein 
Structure Prediction on 2D HP Model. 

Mustafa Misir (Duke Kunshan University, China).  

Abstract. The present study introduces two methods for constructing portfolios of low-level 
heuristics, to be used by Selection Hyper-heuristics to solve Protein Structure Prediction with 2D HP 
model. Protein Structure Prediction is useful and practical for various application domains, 
particularly in medicine. As the protein structures are linked to their functionalities, it is critical to 
have efficient ways to address this task. The traditional methods happening in the lab environments 
are impractical and impossible to go with the pace of the requirements for determining certain 
protein structures. Algorithmic approaches come into play to fill his gap by utilizing computational 
resources. Despite the relevant algorithm development efforts, there is no single algorithm that can 
truly address this structure prediction problem. Different algorithms take the lead on distinct 
problem scenarios. Selection Hyper-heuristics provide a way of benefiting from multiple algorithms 
on-the-fly. However, the choice of those algorithms, i.e. low-level heuristics, largely affect the 
performance. Thus, it is critical to come up with a low-level heuristic set that can be effectively used 
by Selection Hyper-heuristics for solving a specific target problem. This paper investigates two 
clustering-based methods for addressing the portfolio design task to solve the Protein Structure 
Prediction problem in the 2D HP model. The reported experimental analysis shows that the proposed 
methods are able to deliver competitive portfolios with significantly less number of low-level 
heuristics than the human-designed complete portfolio. 
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[1974] Identification of the Prognostic Signatures for IDH Mutant Glioma. 

Yasin Mamatjan (Thompson Rivers University), Mathew Voisin (Princess Margaret Cancer 
Centre), Farshad Nassiri (Princess Margaret Cancer Centre), Mira Salih (Boston Beth Israel 
Deaconess), Fabio Moraes (Queens University), Severa Bunda (Princess Margaret Cancer 
Centre), Risalet Tursun (Istanbul University), Andreas Deimling (Heidelberg University Hospital), 
Kenneth Aldape (National Cancer Institute) and Gelareh Zadeh (Princess Margaret Cancer 
Centre).  

Abstract. Diffuse gliomas can be divided based on presence or absence of mutation in IDH genes. 
IDH-mutant diffuse gliomas represent a wide range of clinical outcome, which is not accounted for by 
current clinical and pathologic parameters. To address this, we aim to identify and characterize a 
predictive signature of outcome in diffuse gliomas to better understand this heterogeneity in 
outcome. A total of 310 IDH mutant glioma samples with methylation data were used for the analysis 
together with 419 samples from TCGA, utilizing methylation, mRNA, CNV and mutation data to 
identify unique molecular signatures that predict patient outcome. Methylation analysis from our 
cohort identified signatures from Cox regression analysis that split the glioma cohort into two 
prognostic groups that strongly predicted survival (p-value<0.0001). The CpG‑based signatures were 
reliably validated using two independent datasets from TCGA and DKFZ cohorts (both p-values < 
0.0001). The results show that the methylation signatures that predict poor outcome also correlated 
with G-CIMP low status, elevated CNV instability and hypermethylation of a set of HOX gene probes. 
These results demonstrate the importance of HOX genes in the outcome of diffuse gliomas to 
identify relevant molecular subtyping indistinguishable under the microscope within a histology. 

 

[2028] Automated Detection of ERP artifacts of auditory oddball paradigm by Unsupervised Machine 
Learning Algorithm. 

Rafia Akhter (University of Georgia), Faraz Ahmad (University of Georgia) and Fred R Beyette 
(University of Georgia).  

Abstract. Electroencephalography (EEG) is a non-invasive method that can test and detect the 
working status of the human brain.  The time-locked measure of the EEG to the external stimuli is 
known as Event-Related Potential (ERP). ERP has the ability to observe human brain activities in real-
time and it can help to elucidate the responses of the human brain to the stimuli.  However,  EEG is 
an irregular combination of neural and non-neural sources of activities, and these non-neural (non-
EEG) sources of activities are known as artifacts. Artifacts of mixed signals may degrade the quality of 
EEG signals by decreasing SNR (signal to noise ratio) and may lead to erroneous conclusions in the 
ERP study. The main goal of this research is to record and analyze clean EEG data so that the 
experimental results are valid and statistically significant. This project addresses this aim by 
introducing a machine learning algorithm (ML) that can screen EEG/ERP data, detect unfocused or 
artifacts mixed data epochs and then remove those data epochs from the signal.  Overall, five types 
of unsupervised ML algorithms are applied to detect unfocused ERP epochs and among them, the 
DBScan method shows the best performance with an artifact detection efficiency of 92%. In addition 
to being efficient, this ML algorithm is also very time effective. Finally, the success of this study will 
allow ERP to be used as a biomarker in real-world applications. 
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[2362] Characterization of Key Cancer Stem Cell-related Genes with Prognostic Significance in 
Glioblastoma. 

Hoang Dang Huy (Taipei Medical University), Khoa Ta Hoang Dang (Taipei Medical University), 
Truc Nguyen Tran Thanh (Taipei Medical University) and Khanh Le Nguyen Quoc (Taipei Medical 
University).  

Abstract. Glioblastoma multiforme (GBM) is one of the most prevalent and progressive tumors of the 
central nervous system. Subpopulations of cancer stem cells (CSCs) are postulated to drive disease 
progression and recurrence in GBM. Identifying genetic markers of CSCs is crucial to target these 
residents in the tumor microenvironment and enhance treatment effectiveness. We screened a list 
of 166 stemness-related genes and found ten that were associated with poor prognosis in patients 
with GBM in the TCGA PanCancer dataset. Next, a stemness-related signature was constructed based 
on each gene's hazard ratio and expression level to investigate the collective prognostic significance 
of these ten genes in GBM. UALCAN and cBioPortal databases were queried to reveal differentially 
expressed gene and genetic alterations of the stemness-related signature in GBM. Functional 
enrichment and immune infiltration analyses were performed to examine the biological significance 
and association with immune infiltrating cells in the tumor microenvironment. The stemness-related 
signature consisted of ten genes, namely CD44, FBXO27, GATA3, GPX2, IDH1, LATS2, NKX2-5, RUNX1, 
THY1, VEGFA, and patients with GBM in the low stemness group had significantly worse survival rate 
than those in the high stemness group (p = 0.009). Differential expression analysis found CD44, 
GATA3, IDH1, LATS2, RUNX1, and VEGFA to be upregulated, and FBXO27 and THY1 to be 
downregulated in GBM. A total of 24.3% patients carried genetic alteration in at least one of the ten 
genes, with the majority belonging to IDH1 and GATA3. Tumor immune infiltration analysis revealed 
that expression levels of CD44, GATA3, LATS2, IDH1, RUNX1, and VEGFA were moderately to highly 
correlated with infiltration levels of multiple immune cell types, from B and T cells, macrophages, 
dendritic cells to cancer- associated fibroblasts. Our study proposed a stemness-related signature in 
GBM that provided prognostic significance for stratification of patients with GBM. Further studies are 
warranted to validate our results and verify this stemness-related signature as a potential prognostic 
marker of GBM. 
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[2407] Automatic diverse subset selection from enzyme families by solving the maximum 
diversity problem. 

Anil Wipat (Newcastle University), Christian Atallah (Newcastle University), Katherine James 
(Newcastle University), Zhen Ou (Newcastle University), James Skelton (Newcastle University), 
David Markham (Newcastle University), James Finnigan (Prozomix Ltd.) and Simon Charnock 
(Prozomix Ltd.).  

Abstract. Enzymes are being increasingly exploited in various industries for their potential as 
biocatalysts. Increasing the portfolio of available and useful biocatalysts depends on the reliable 
annotation of enzyme catalytic function. However, the required quality of such annotation can only 
be confidently guaranteed through experimental characterisation in the laboratory. The selection of 
catalytically diverse panels to be experimentally characterised is therefore an important step for 
revealing more of the unannotated biocatalyst space of enzyme families. As current selection 
methods are non-optimised, we present a novel approach for the automatic selection of subsets 
from enzyme families. A tabu search algorithm solving the maximum diversity problem for sequence 
identity was designed and implemented, and applied on three diverse enzyme families. We show 
that this approach automatically selects panels of enzymes that contain high richness and relative 
abundance of the known catalytic functions, and outperforms other methods such as k-medoids. 

 

[3108] Application of probabilistic integration to disease-gene networks: challenges and ways 
forward. 

Aoesha Alsobhe (Newcastle University), James Skelton (Newcastle University), Elisa Anastasi 
(Newcastle University), Simon Cockell (Newcastle University), Anil Wipat (Newcastle University) 
and Katherine James (Newcastle University).  

Abstract. Probabilistic integration is a powerful technique to produce confidence-weighted biological 
networks by comparison with high-quality Gold Standard data. While this approach has been 
extensively used in protein-protein interaction networks, its use in bipartite networks has been 
limited. Here, we investigate the challenges in applying probabilistic integration to disease-gene data. 

 

[3381] A branching process for the sequence similarity distributions on the Teleosts. 

Yue Zhang (Thompson Rivers University).  

Abstract. This paper proposed a model for the generation, maintenance, and loss of duplicate genes 
via whole-genome duplication (WGD) and fractionation (duplicate gene loss) as a continuous-time 
birth-and-death process. The model accounts for the fate of individual genes and their descendants 
in the environment of WGD and fractionation. The approach assumes that the entire population is 
synchronized to birth times and the quantity of offspring but that deaths of individuals are 
coordinated among siblings. The application of this work is to account for the distribution of 
sequence similarity for homologous genes in teleost genomes. 
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[3422] Exploring Multi-Objective Deep Reinforcement Learning Methods For Drug Design. 

Aws Al Jumaily (Brock University), Muhetaer Mukaidaisi (Brock University), Andrew Vu (Brock 
University), Alain Tchagang (National Research Council Canada) and Yifeng Li (Brock University).  

Abstract. Drug design and optimization are complex tasks that require strategically efficient 
exploration of the extremely vast search space. Various fragmentation strategies have been 
presented in the literature to reduce the complexity of molecular search space. From the 
optimization perspective, drug design can be viewed as a multi-objective optimization process. Deep 
reinforcement learning (DRL) frameworks have displayed promising performances in this field. 
However, lengthy training periods and inefficient use of sample data limit the scalability of the 
current frameworks. In this paper, we (1) review the fundamental concepts of deep or multi-
objective RL methods and their applications in molecular design, (2) investigate the performance of a 
recent multi-objective DRL-based and fragment-based drug design framework, named DeepFMPO, in 
a real application by integrating protein-ligand docking affinity score, and (3) compare this method 
with a single-objective variant. Through experiments, we find that the DeepFMPO framework (with 
docking score) can achieve limited success, however, it is incredibly unstable. Our findings encourage 
further exploration and improvement. Possible sources of the framework's instability and 
suggestions of further modifications to stabilize the framework are examined. 

 
[3829] Prioritizing Variants using Rough-set based Relevance Algorithm for GWAS. 

Jyoti Sharma (Indian Institute of Technology Jodhpur), Khadija Sana Hafeez (Indian Institute of 
Technology Jodhpur) and Sushmita Paul (Indian Institute of Technology, Jodhpur).  

Abstract. Genome-wide Association Studies (GWA studies) are performed to identify genetic variants 
like Single Nucleotide Polymorphisms (SNPs) associated with phenotype in case-control or cohort 
study designs. GWA studies are based on the fundamental assumption that the most statistically 
significant variants have a more decisive influence on the phenotype. Thus, most GWA studies use 
statistical approaches to identify the variants lying below a significant threshold. However, the 
conventional statistical techniques fail to identify significant variants for complex traits by mere 
thresholding since such traits are driven by both genetic and environmental factors. Therefore, it is 
critical to design approaches, which can capture SNPs that significantly affect the complex traits. To 
address this, several machine learning algorithms are also being designed. However, all such 
techniques face the problem of a low sample to feature ratio creating redundancy and vagueness in 
GWA studies. Therefore, a novel pipeline is designed that uses a feature selection step prior to the 
association tests to identify a crisp set of SNPs that are significantly associated with the trait under 
consideration. The proposed pipeline combines a Rough set-based relevance technique with a 
machine learning-based association test called Support Vector Regression to identify cholesterol 
associated SNPs. A comparative performance analysis of the proposed approach over other existing 
approaches is illustrated on the pennCATH cohort dataset through R2 statistics and biological 
analyses. 
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[4199] Inference of Genetic Networks using Random Forests: A Quantitative Weighting Method 
for Gene Expression Data. 

Shuhei Kimura (Tottori University), Kazuki Sota (Tottori University) and Masato Tokuhisa 
(Tottori University).  

Abstract. Several researchers have focused on the inference of genetic networks. A number of 
genetic network inference methods have therefore been proposed. Among them, the inference 
methods that use the random forest show promise. Through the numerical experiment with the 
random-forest-based inference method, we found that its performance is improved by assigning 
appropriate weight values to gene expression data. In our earlier work, according to this 
experimental fact, we proposed the guidelines for determining weight parameters. We can improve 
the performance of the random-forest-based inference method using the weight values determined 
according to the guidelines. As the guidelines are qualitative, however, it is difficult to determine 
values for the weight parameters uniquely. In this study, we thus propose a new quantitative 
weighting method. The proposed method determines the weight values only on the basis of the 
similarity between measurements. Through the numerical experiments, we finally show that the 
weight values determined by the proposed weighting method are likely to make the performance of 
the random-forest-based inference method better. 

 

[4235] Data Driven Estimation of Cluster Number in Multiplex Cell Images From Deep 
Embedding Density. 

Spencer Thomas (University of Surrey).  

Abstract. The usage of chemical imaging technologies is becoming a routine accompaniment to 
traditional methods in pathology. Significant technological advances have developed these called 
next generation techniques to provide rich, spatially resolved, multidimensional chemical images. 
The rise of digital pathology has significantly enhanced the synergy of these imaging modalities with 
optical microscopy and immunohistochemistry, enhancing our understanding of the biological 
mechanisms and progression of diseases. Techniques such as imaging mass cytometry provide 
labelled multidimensional (multiplex) images of specific components used in conjunction with digital 
pathology techniques. These powerful techniques generate a wealth of high dimensional data that 
create significant challenges in data analysis. Unsupervised methods such as clustering are an 
attractive way to analyse these data, however, they require the selection of parameters such as the 
number of clusters. Here we propose a methodology to estimate the number of clusters in an 
automatic data-driven manor using the density of an embedded space obtained from a deep 
autoencoder. This framework provides a fully unsupervised and data-driven method to analyse 
multidimensional data. In this work we demonstrate our method using 45 multiplex imaging mass 
cytometry datasets. Moreover, our model is trained using only one of the datasets and the learned 
embedding is applied to the remaining 44 images providing an efficient process for data analysis. 
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[4252] MRI-EEG Instance Discrimination for Brain Lesion Identification. 

Samayan Bhattacharya (Jadavpur University), Avigyan Bhattacharya (Jadavpur University) and 
Sk Shahnawaz (Jadavpur University).  

Abstract. Precise identification of brain lesions is vital for interpreting lesion-deficit mapping of the 
brain and for the diagnosis and treatment of several neurological conditions. However, brain lesions 
remain elusive to most machine learning algorithms and they require human intervention and large 
annotated datasets to perform satisfactorily. In this paper, we propose a self-supervised approach 
that uses contrastive learning to identify brain lesions using unannotated Magnetic Resonance 
Imaging (MRI) and Electroencephalogram (EEG) data. 

 

[4647] SetQuence & SetOmic: Deep Set Transformer-basedRepresentations of Cancer Multi-
Omics. 

Neringa Jurenaite (TU Dresden), Daniel Leon-Perinan (TU Dresden), Veronika Donath (TU 
Dresden), Sunna Torge (TU Dresden) and Rene Jaekel (TU Dresden).  

Abstract. In oncology, Deep Learning has shown great potential to personalise tasks such as tumour 
type classification, based on per-patient omics data-sets. Being high dimensional, incorporation of 
such data in one model is a challenge, often leading to one-dimensional studies and therefore 
information loss. Instead, we first propose relying on non-fixed sets of mutated genome sequences, 
which can be used for supervised learning of oncology-relevant tasks by our Transformer-based Deep 
Neural Network SetQuence. Second, we extend the model to incorporate these representations as 
well as multiple sources of omics data in a flexible way with SetOmic. Evaluation, using these 
representations, shows improved robustness and reduced information loss compared to previous 
approaches, while still being computationally tractable. By means of Explainable Artificial Intelligence 
methods, our models are shown to be able to recapitulate the biological contribution of several 
features in cancer, such as individual expression loci and genome sequence motifs. This validation 
opens the door to novel multi-faceted methods for genome-wide biomarker discovery. 
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[4691] Compound Virtual Screening by Learning-to-Rank with Gradient Boosting Decision Tree 
and Enrichment-based Cumulative Gain. 

Kairi Furui (Department of Computer Science, School of Computing, Tokyo Institute of 
Technology) and Masahito Ohue (Department of Computer Science, School of Computing, 
Tokyo Institute of Technology).  

Abstract. Learning-to-rank, a machine learning technique widely used in information retrieval, has 
recently been applied to the problem of ligand-based virtual screening, to accelerate the early stages 
of new drug development. Ranking prediction models learn based on ordinal relationships, making 
them suitable for integrating assay data from various environments. Existing studies of rank 
prediction in compound screening have generally used a learning-to-rank method called RankSVM. 
However, they have not been compared with or validated against the gradient boosting decision tree 
(GBDT)-based learning-to-rank methods that have gained popularity recently. Furthermore, although 
the ranking metric called Normalized Discounted Cumulative Gain (NDCG) is widely used in 
information retrieval, it only determines whether the predictions are better than those of other 
models. In other words, NDCG is incapable of recognizing when a prediction model produces worse 
than random results. Nevertheless, NDCG is still used in the performance evaluation of compound 
screening using learning-to-rank. This study used the GBDT model with ranking loss functions, called 
lambdarank and lambdaloss, for ligand-based virtual screening; results were compared with existing 
RankSVM methods and GBDT models using regression. We also proposed a new ranking metric, 
Normalized Enrichment Discounted Cumulative Gain (NEDCG), which aims to properly evaluate the 
goodness of ranking predictions. Results showed that the GBDT model with learning-to-rank 
outperformed existing regression methods using GBDT and RankSVM on diverse datasets. Moreover, 
NEDCG showed that predictions by regression were comparable to random predictions in multi-
assay, multi-family datasets, demonstrating its usefulness for a more direct assessment of compound 
screening performance. 
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[4750] The Impact of Variable Selection and Transformation on the Interpretability and Accuracy 
of Fuzzy Models. 

Caro Fuchs (Eindhoven University of Technology), Simone Spolaor (Eindhoven University of 
Technology), Uzay Kaymak (Eindhoven University of Technology) and Marco S. Nobile (Ca’ 
Foscari University of Venice).  

Abstract. Data transformation is an important step in Machine Learning pipelines which can strongly 
improve their performance. For instance, min-max normalization is often used to make all variables 
lie in the same range, while log-transformation is used to map data that is scattered across several 
orders of magnitude to a logarithmic space. Such transformations can be beneficial when the 
machine learning approach measures distance in a metric space, such as cluster-based approaches. 

These two transformation approaches can be combined to reveal hidden patterns in the data in the 
case of log-normally distributed data points, which commonly occur in biological and medical data. 

In this work we introduce a novel evolutionary approach designed to automatically determine the 
optimal log-transformation and selection of variables. Our approach is built around an interpretable 
AI system (created by pyFUME), so that all transformations are followed by inverse transformations 
to map back the values into the original universe of discourse, and preserve the interpretability of 
the results. 

We test our approach on two synthetic datasets, designed to reproduce a condition in which some 
variables are normally distributed, some variables are log-normally distributed, and some variables 
are just noise in the dataset. Our results show that our approach yields better performing models 
compared to conventional methods, and that the resulting model is also characterised by a better 
interpretability, making such approach particularly useful to study biomedical datasets. 

 

[4821] Towards a Classification Scheme for Inferring the Atomic Composition of Drug-like 
Molecules from their Quantum Derived Electronic Properties. 

Alain Tchagang (National Research Council) and Julio Valdés (National Research Council).  

Abstract. In machine learning and molecular design, there exist two approaches: discriminative and 
generative. In the discriminative approach dubbed forward design, the goal is to map a set of 
features/molecules to their respective electronics properties. In the generative approach dubbed 
inverse design, a set of electronics properties is given and the goal is to find the features/molecules 
that have these properties. These tasks are very challenging because the chemical compound space 
is very large.   In this study, we explore a new scheme for the inverse design of molecules based on a 
classification paradigm that takes as input the targeted electronic properties and output the atomic 
composition of the molecules (i.e. atomicity or atom counts of each type in a molecule).  To test this 
new hypothesis, we analyzed the quantum mechanics QM7b dataset consisting of 7211 small organic 
molecules and 14 electronic properties. Results obtained using twenty three different classification 
approaches including a regularized Bayesian neural network show that it is possible to achieve 
detection/prediction accuracy > 90%. 

 

 

 

 



P a g e  | 33 

 

 

[5655] Predicting the specific substrate for transmembrane transport proteins using a BERT 
language model. 

Sima Ataei (Concordia University) and Gregory Butler (Concordia University).  

Abstract. Transmembrane transport proteins play a vital role in cells’ metabolism by the selective 
passage of substrates through the cell membrane. Metabolic network reconstruction requires 
transport reactions that describe the specific substrate transported as well as the metabolic reactions 
of enzyme catalysis. In this paper, we apply a BERT (Bidirectional Encoder Representations from 
Transformers) representation of protein sequences with Logistic Regression (LR) to predict one of 22 
specific substrates. Our UniProt-ICAT dataset is automatically constructed from UniProt using the 
ChEBI and GO ontologies to identify 4,419 proteins transporting 22 specific substrates. Our model 
predicts the specific substrate with an MCC of 0.82 and accuracy of 98.7% on an independent test set 

 

[5782] Assessment of the association between physical behaviours, psychological and body 
composition factors, medicine consumption and differences pre- and post-surgery of Canadian 
patients who regained weight after bariatric surgery. 

Fatemeh Zaremehrjardi (St. Francis Xavier University), Ryan E.R. Reid (St. Francis Xavier 
University), Ross E. Andersen (McGill University) and James Alexander Hughes (St. Francis 
Xavier University).  

Abstract. Obesity is defined as a body mass index (BMI) of 30 kg/m2 or greater. Obesity is a complex 
medical condition characterized by excess body fat that increases the risk of developing co-
morbidities like cardiovascular disease (CVD) and diabetes. Excess weight is a global concern with an 
ever-growing prevalence. This research study aims to develop effective and practical post-surgical 
guidelines based on clinical data to determine potential predictors of surgical success. With this in- 
formation, clinicians and patients can work together to minimize long-term weight regain post-
surgery. To fulfill this goal, we applied various machine learning (ML) algorithms to model our dataset 
and provide a list of critical features to target to have more successful long-term weight-loss 
outcomes. Fortunately, our ML models achieved outstanding Mean Absolute Errors (0.10 -0.22). 

 

[5987] Sensitivity Analysis of Stroke Predictors Using Structural Equation Modeling and Bayesian 
Networks. 

Helder Oliveira (University of Calgary), Mohammed Almekhlafi (University of Calgary) and 
Svetlana Yanushkevich (University of Calgary).  

Abstract. This study applies and validates causal graphical models for the task of assessing the risk of 
a stroke given the stroke patient data. A probabilistic causal (Bayesian) network is designed to 
evaluate the risk factors identified by an expert. Structural Equation Modeling is applied on empirical 
data to provide a quantitative assessment of causal relationships among the variables in the Bayesian 
Network, thus statistically validating the expert's knowledge. Several scenarios of risk assessment 
using the inference mechanism on the Bayesian network are demonstrated. 
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[6075] A Novel Recommender System for Stroke Risk Stratification. 

Nour Dekhil (National Engineering School of Sfax), Yasin Mamatjan (Thompson Rivers 
University), Safwat Hassan (Thompson Rivers University) and Mira Salih (Beth Israel Deaconess 
Medical Center).  

Abstract. Stroke is one of the leading causes of neurological deficits and disability. Early prediction or 
detection of strokes is required to reduce mortality and morbidity rates. 

In this study, we propose a novel recommender approach to identify key risk factors impacting risk 
stratification for a particular patient. Our proposed approach achieves high accuracy in predicting 
patient's risk level with an average AUC of 0.98 and an average F1 score of 0.91. Our approach 
adopted model interpretation techniques (i.e., LIME and SHAP) to help patients understand the risk 
factors associated with the predicted risk level. Finally, we compare LIME and SHAP results for 
prediction explanation. The results showed strong agreement between both models on the selection 
of top risk factors for a particular risk stratification. The obtained results show that our proposed 
approach can help patients and clinicians better understand patient specific risk factors associated 
with stroke risk severity that eventually prevents strokes by controlling these risk factors. 

 

[6136] Deep Graph Generation of Small Molecules Guided by Drug-Likeness. 

Abhishek Dutta (University of Connecticut).  

Abstract. This paper aims at automatic generation of novel small molecules guided by favorable 
molecular properties. A generative adversarial network is trained on thousands of stable small 
molecular graphs followed by a graph convolutional network is trained to predict solubility and 
toxicity from molecular descriptors. The generator network generates unique small molecules guided 
by the graph convolutional network to have desirable drug-like properties. 
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[6184] Local Bubble Dilation Functions: Hypersphere-bounded Landscape Deformations Simplify 
Global Optimization. 

Daniele Papetti (University of Milano-Bicocca), Vasco Coelho (University of Milano-Bicocca), 
Daniel A. Ashlock (University of Guelph), Paolo Cazzaniga (University of Bergamo), Simone 
Spolaor (Eindhoven University of Technology), Daniela Besozzi (University of Milano-Bicocca) 
and Marco S. Nobile (Ca' Foscari University of Venice).  

Abstract. Solving optimization problems is one of the most complex and widespread task in 
Computer Science. In many scenarios, finding the global optimum of a function is hampered by 
several features that characterize the fitness landscapes, such as noisiness, multi-modality, non-
convexity, non-separability, and non-differentiability. In order to facilitate the optimization process, a 
variety of methods have been proposed to manipulate either the search space or the fitness 
landscape. Among these, Dilation Functions (DFs) were introduced to expand regions of the search 
space that are characterized by promising fitness values. In this work, we extend the family of DFs by 
introducing Local Bubble Dilation Functions (LBDFs), a novel approach that generates local distortions 
bounded by hyper-spheres. By performing an appropriate mapping of the search space, LBDFs can 
improve the optimization performance, since they expand and reveal the promising regions around 
the global optimum, while leaving the rest of the fitness landscape untouched. The additional 
advantage of LBDFs, with respect to DFs, is that different dilations can be applied to each dimension 
of the search space, which is useful in the case of asymmetric landscapes. In order to show the 
benefits of local dilations, we executed several tests on the Michalewicz benchmark function, with 
different settings for the LBDFs. Moreover, we investigated the use of LBDFs to facilitate the solution 
of the parameter estimation problem in Systems Biology by analyzing the landscape related to a 
stochastic model of enzyme kinetics. 

 

[6293] Bleeding classification in Wireless Capsule Endoscopy Images based on Inception-ResNet-
V2 and CNNs. 

Anass Garbaz (Ibn Zohr University), Samira Lafraxo (Ibn Zohr University), Said Charfi (Ibn Zohr 
University), Mohamed El Ansari (My Ismail University Meknes) and Lahcen Koutti (Ibn Zohr 
University).  

Abstract. Wireless capsule endoscopy is a technology that captures images of the digestive tract with 
a pill-sized camera. Capsule endoscopies are used to exclude or diagnose disorders 

such as bleeding, early symptoms of gastrointestinal cancer, abdominal pain, Crohns disease, Celiac 
disease, polyps, and ulcers. However, the most typical cause for a capsule endoscopy is to scout for 
small intestine hemorrhage. Because of the technological limits, the images are low quality and 
feature multiple orientations due to the capsule’s free mobility. In this study, we propose a 
technique for detecting bleeding in WCE images. We deploy a deep neural network that uses the 
Inception- 

ResNet-V2 model for its high level, combined with a low-level model that is a convolutional neural 
network (CNN), to attain better classification performance. The proposed methods’ average accuracy 
is 97%, with sensitivity, specificity, and precision of 97%, 99%, and 97%, respectively. It clearly shows 
that our method outperforms state-of-the-art approaches in detecting hemorrhage. 
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[6340] Analysis of microwave scans of cancer patients for classification of treated and untreated 
breast tissue. 

Anita Garland (University of Calgary), Helder Oliveira (University of Calgary), Elise Fear 
(University of Calgary), Svetlana Yanushkevich (University of Calgary), Katrin Smith (University 
of Calgary), Jeremie Bourqui (University of Calgary), James Pinilla (Tom Baker Cancer Centre), 
Alison Gourley (Tom Baker Cancer Centre), Sarah Quirk (University of Calgary), Michael 
Roumeliotis (Johns Hopkins University), Petra Grendarova (Tom Baker Cancer Centre) and Mark 
Lesiuk (Tom Baker Cancer Centre).  

Abstract. This paper examines the feasibility of detecting changes in tissue related to cancer 
treatment. 16 female patients enrolled in a clinical trial, who underwent lumpectomy and 
accelerated partial breast radiotherapy, were recruited. The patients were scanned using a 
microwave imaging system at up to 4 time points, with the first scan prior to starting radiotherapy 
and the remaining scans post-treatment. The permittivity or the dielectric property of breast tissue 
was estimated from the scan data and used for initial analysis. Next, wavelet transforms were 
applied to the time-domain response to extract features that were then classified. The Discrete 
Wavelet Transform (DWT) and the Dual Tree Complex Wavelet transform (DTCWT) were used to 
extract meaningful features that were evaluated using the Support Vector Machine (SVM), Random 
Forest (RF) and the Gradient Boosting classifier (GBC). After hyperparameter tuning of the classifiers, 
the experimental results show good accuracy, with SVM yielding the best results. In conclusion, the 
classification pipeline proposed for microwave imaging has the potential to track treatment-related 
changes in tissue. 

 

[6503] Ensemble Regression Modelling for Genetic Network Inference. 

Hasini Nakulugamuwa Gamage (Federation University), Madhu Chetty (Federation University 
Australia), Adrian Shatte (Federation University) and Jennifer Hallinan (BioThink Pty Ltd).  

Abstract. An accurate reconstruction of Gene Regulatory Networks (GRNs) from time series gene 
expression data is crucial for discovering complex biological interactions. Among many different 
approaches for inferring GRNs, there are several methods which produce high false positive 
interactions, and are unstable, requiring fine tuning for many of its parameters. In this paper, we 
consider the GRN inference problem as a regression problem and propose a simple ensemble 
regression-based feature selection model which is a combination of cross validated Lasso and cross 
validated Ridge algorithms for reconstructing GRNs. Due to the novelty of the proposed ensemble 
model, it is being able to eliminate overfitting, multi co-linearity issues, and irrelevant genes within 
one computational approach. While observing the type of gene-gene regulatory interactions the 
regression model also identifies the direction of these interactions. A new coefficient of 
determination (R2)-based approach identifies the best model to fit the data among LassoCV and 
RidgeCV, and evaluates the model importance in term of gene-wise maximum in-degree which 
decides the maximum number of regulatory genes including self-regulations that can be selected 
from a given method. Then, an evaluated gene score-based majority voting technique aggregates the 
selected gene lists from each method. In the experiments carried out, the performance of proposed 
ensemble approach was evaluated using gene expression datasets from three small-scale real gene 
networks. Our proposed model outperformed other state-of-the-art methods, producing high true 
positives, reducing false positives, and obtaining high Structural Accuracy while maintaining model 
stability and efficiency. 
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[6655] Evolving Lockdown Strategies to Minimize Infections in an Epidemic. 

James Sargant (Brock University), Michael Dube (University of Guelph) and Sheridan Houghten 
(Brock University).  

Abstract. In this paper we evaluate the impact of different lockdown strategies upon the total 
number of infections during an epidemic. The strategies are based upon the percentage of the 
population infected during a given time step, as well as upon the amount by which interactions must 
be reduced during lockdown.  We use a weighted personal contact network to represent the 
population, its interactions, and the relative strengths of those interactions. During lockdown edges 
from this network are removed. We use an evolutionary algorithm to choose the set of edges to be 
removed so as to minimize infections, comparing different strategies. 

We show that allowing the evolutionary algorithm to choose which edges to remove significantly 
reduces the overall number of infections in comparison to random selection. In fact, the EA results 
for the least stringent conditions were similar or better to the random results for the most stringent 
conditions, showing that a judicious choice of restrictions during lockdown has the greatest effect on 
reducing infections. The evolutionary algorithm tends to favour a situation in which during lockdown 
individuals would reduce their number of contacts, as opposed to lessening the strength of their 
connections. 

 

[6684] Classification of Parkinson’s Disease Patients and Effectiveness of Medication for 
Freezing of Gait. 

Omid Mohamad Beigi (Brock University), Ligia Reis Nobrega (Federal University of Uberlandia), 
Sheridan Houghten (Brock University), Adriano de Oliveira Andrade (Federal University of 
Uberlandia) and Adriano Alves Pereira (Federal University of Uberlandia).  

Abstract. Parkinson’s disease (PD), a neurodegenerative disease with symptoms hard to distinguish 
from other disorders,affects millions of people globally. Among the symptoms of PD, changes in gait 
have been used as a primary diagnosis factor. 

Symptoms of PD include bradykinesia, tremors, depression, hallucinations, cognitive decline, and 
falls. This study presents a dataset that records data on PD patients who experience freezing of gait, 
including data for medication in the “on” and “off” states. Classification is applied to two problems 
relating to this PD data: first, to distinguish PD patients from healthy individuals, and second, to 
determine effectiveness of medication for freezing of gait. Among the classifiers considered, 
Multilayer Perceptron, K-Nearest Neighbors, Random Forest, and Support Vector Machine obtain the 
best results when applied to these problems. 
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[6790] Comparing Interpretable AI Approaches for the Clinical Environment: an Application to 
COVID-19. 

Mohsen Abbaspour Onari (Eindhoven University of Technology), Marco S. Nobile (Ca’ Foscari 
University of Venice), Isel Grau Garcia (Eindhoven University of Technology), Caro Fuchs 
(Eindhoven University of Technology), Yingqian Zhang (Eindhoven University of Technology), 
Arjen-Kars Boer (Catharina Hospital) and Volkher Scharnhorst (Eindhoven University of 
Technology).  

Abstract. Machine learning (ML) models play an important role in the health care domain due to 
their exceptional performance in predicting complex phenomena. During the COVID-19 pandemic, 
different ML models were developed to support tackling this pandemic. However, clinical experts 
need to ensure that these models are valid, provide clinically useful information, and are 
implemented and used correctly. In this vein, they need to understand the logic behind the models to 
trust them. Hence, developing transparent and interpretable models is highly important. This study 
has developed four different interpretable ML models to classify COVID-19 patients into positive or 
negative cases. After preprocessing the data set and training the models, we evaluate the models 
based on their performance. Then, their interpretation is provided to clinical experts to evaluate 
their performance in terms of both interpretability and fidelity. 

 

[7137] Deep Learning and Ensemble Method for Optic Disc and Cup Segmentation. 

Jongwoo Kim (National Library of Medicine, National Institutes of Health), Loc Tran (National 
Library of Medicine, National Institutes of Health), Tunde Peto (Centre for Public Health, 
Queen’s University Belfast) and Emily Y. Chew (National Eye Institute, National Institutes of 
Health).  

Abstract. Glaucoma is a chronic retinal disease that gradually damages the optic nerve. It is a leading 
cause of irreversible loss of vision. In ophthalmic fundus images, the cup to optic disc ratio measured 
around the optic nerve is a key measure used to screen for glaucomatous damages. Unfortunately, 
there is high subjectivity among ophthalmologists in estimating this ratio due to challenges in making 
reliable disc and cup measurements. To minimize this, we propose an automatic method using deep 
learning and ensemble method to segment the optic disc and cup. The proposed method comprises 
two steps. The region of interest (ROI), where optic disc is centered, is detected from a fundus image, 
following which the optic disc and cup are segmented from the ROI. Mask R-CNN algorithm is used to 
estimate the ROI, and two ensemble models based on three fully convolutional networks are used for 
the segmentation of optic disc and cup in parallel. The proposed method is trained and evaluated 
using the RIGA dataset that contains 750 fundus images and the REFUGE database containing 400 
fundus images. The results demonstrate that the proposed method has a better performance 
compared with the current state-of-the-art algorithms. Our best segmentation results for optic disc 
shows 0.9303 Jaccard Index (JI) and 0.9635 Dice Coefficient (DC). The best segmentation results for 
cup shows 0.8096 JI and 0.8915 DC. The average cup to optic disc ratio error shows 0.0429. 
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[7181] HPC enabled a Novel Deep Fuzzy Scalable Clustering Algorithm and its Application for 
Protein Data. 

Preeti Jha (Indian Institute of Technology Indore), Aruna Tiwari (Indian Institute of Technology 
Indore), Neha Bharill (Mahindra University), Milind Ratnaparkhe (ICAR-IISR Indore), Om Prakash 
Patel (Mahindra University), Vaibhav Anand (Indian Institute of Technology Indore), Sudhanshu 
Arya (Indian Institute of Technology Indore) and Tanmay Singh (Indian Institute of Technology 
Indore).  

Abstract. Fuzzy clustering is a common way to divide data into groups. Even though it has been 
improved a lot, fuzzy clustering still has problems while clustering real high-dimensional big data with 
complicated latent distributions. To solve this problem, this study comes up with a way to represent 
the data in a feature space that was built from a scalable deep neural network using Apache Spark on 
HPC. In this paper, we proposed SDnnRSIO-FCM, a Scalable Deep Neural Network Random Sampling 
Iterative Optimization-FCM clustering algorithm, and the SDnnLFCM, a scalable version of the Deep 
Neural Network Literal Fuzzy c-Means algorithm. We focus on the design and implementation of the 
proposed SDnnRSIO-FCM and SDnnLFCM algorithms using the Apache Spark cluster in a High-
Performance Computing (HPC) environment by representing the data in a feature space produced by 
the neural network to handle Big Data. First, data is mapped into new feature space to aid in the 
reconstruction of the original data by providing a good representation. Second, scalable fuzzy 
clustering is embedded with neural networks to propose deep fuzzy clustering methods. The 
experimental results conducted on two huge benchmark datasets show that the SDnnRSIO-FCM 
algorithm outperforms the SDnnLFCM algorithm in terms of Normalized Mutual Information (NMI), 
Adjusted Rand Index (ARI), and F-score. Furthermore, the proposed SDnnRSIO-FCM applied to huge 
soybean protein sequences in comparison with SDnnLFCM shows a significant improvement in terms 
of Silhouette index (SI), Davies-Bouldin index (DBI), and Calinski-Harabasz index (CHI). 

 

[7854] DDIPred: Graph Convolutional Network-based Drug-drug Interactions Prediction using Drug 
Chemical Structure Embedding. 

Shaghayegh Sadeghi (School of Computer Science, University of Windsor) and Alioune Ngom 
(School of Computer Science, University of Windsor).  

Abstract. A drug-drug interaction (DDI) describes a circumstance in which drugs affect the activity of 
each other. Drugs may interact with each other to cause side effects that are unexpected or more 
severe than anticipated. Drugs may also interact and oppose the results of one another, leading to 
one (or both) medications not having their intended effect. Most drug interactions are negligible, but 
some can be significantly harmful if not discovered and appropriately overseen. DDI data can be 
helpful for other drug-related research topics such as drug repurposing and drug-target interaction, 
which leads to improving the drug development process. This paper presents a new method for DDI 
prediction named DDIPred.It is based on drug chemical structure embedding and graph convolutional 
networks for predicting new DDIs. DDIPred First extracts a representation of Simplified Molecular 
Input Line Entry System (SMILES) strings using SELF-referencIng Embedded Strings (SELFIES) and 
Doc2Vec. Then the representation, along with the DDI network structure, is used to predict new 
DDIs. Our method achieved acceptable performance when tested on the BIOSNAP DDI network 
dataset while outperforming other existing methods. 
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[8041] Integrating steady-state and dynamic gene expression data for improving GRN 
modelling. 

Jaskaran Kaur Gill (School of Engineering, IT and Physical Sciences  Federation University), 
Madhu Chetty (Federation University Australia), Adrian Shatte (Federation University) and 
Jennifer Hallinan (Newcastle University).  

Abstract. Reverse engineering of Gene Regulatory Networks (GRNs) from experimentally obtained 
high-throughput data is an active and promising area of research. Among several modelling 
techniques, the S-System model, a set of tightly coupled differential equations, mimics the 
complexities and dynamics of biochemical systems, and thus provides realistic GRN representation. 
While it offers mathematical flexibility and biological relevance, the high number of learning 
parameters can lead to computational burden. In our earlier work, we addressed this issue by 
judicious use of prior knowledge. However, another major cause of computational load is the need 
for numerical integration of the differential equations for the estimation of S-system model 
parameters. In this paper, we propose a method to obtain initial model parameter values from the 
steady state of the system, thereby computing simpler and less complex algebraic equations 
compared to the regular differential equations of S-systems. These network parameters are input as 
prior knowledge for the optimization of the dynamic S-System using differential equations. The 
proposed framework includes a novel fitness evaluation for steady-state S-System models, a novel 
evolutionary learning algorithm,  and a technique to incorporate the candidate solutions in dynamic 
S-System modelling. Our proposed methodology reached optimal model parameter values quickly, 
requiring only one-third of the fitness function evaluations, compared to our previously reported 
DNRI method for S-System modelling. 

 

[8248] GADGIT: A Toolbox for Disease Gene Identification. 

Tristan Navikevicius (Brock University), Tyler Collins (SHARCNET) and Sheridan Houghten (Brock 
University).  

Abstract. The Genetic Algorithm Disease Gene Identification Toolbox (GADGIT) is a Python toolbox to 
assist researchers in identifying genes that are complicit in the presentation of a genetic disease. The 
input is a list of known disease genes and a network of gene interactions. Using a genetic algorithm 
and the principle of guilt by association, GADGIT can be used to identify and rank other potential 
disease genes. 

 

[8314] Big Biological Data: Need for a Reorientation of the Governance Framework . 

Esra Demir (Erasmus University Rotterdam).  

Abstract. Biological data (biodata) has become a buzzword for innovations in this century. With 
pioneering advances in machine learning techniques and artificial intelligence, biological datasets 
have brought about revolutionary changes in many areas, particularly in healthcare. In this process, a 
host of ethical and legal issues have also come to the fore. The purpose of this paper is to address the 
need for a reorientation of the governance framework for human biodata. Using the case of 
Dinerstein v. Google, this paper argues that the data governance framework must take into account 
and balance interests at both the individual and group levels. 
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[8401] Length-Based Substructure Mutation Policies for Improved RNA Design via Simulated 
Annealing. 

Ryan McBride (Trinity Western University) and Herbert H. Tsang (Trinity Western University).  

Abstract. RNA Design is a crucial bioinformatics problem to tailor specific RNA sequences into 
structures that guide our biology and medicine. Because these computer generated sequences are 
often statistically different from observed RNA sequence and do not fold as intended in real lab 
conditions, methods are developed to ensure more biological consistency. One approach is 
substructure restriction where any solutions are composed of observed RNA substructures recorded 
in a database. However, studies on this restricted problem are limited: while our Applied Research 
Lab's Simulated Annealing solution (SIMARD) uses substructures it only considers a single mutation 
policy and method of generating substructure consistent sequences. We therefore propose two new 
policies of mutation: uniform, randomly modifying any structure, and proportional length, based on 
substructures being swapped proportional to their RNA length to target substructures that cover the 
most bases of a problem. In experiments on roughly fifty RNA Design problems,  we conclude the 
potential value of these substructure based mutation methods resulting in solutions potentially 
hundreds of bases closer to the target folded structure than previous Simulated Annealing solutions. 

 

[8499] Predicting and Characterizing Legal Claims of Hospitals with Computational Intelligence: 
the Legal and Ethical Implications. 

Chiara Gallese (Eindhoven University of Technology), Caro Fuchs (Jheronimus Academy of Data 
Science), Simone G. Riva (University of Oxford), Emanuela Foglia (LIUC --  Carlo Cattaneo 
University), Fabrizio Schettini (LIUC --  Carlo Cattaneo University), Lucrezia Ferrario (LIUC --  
Carlo Cattaneo University), Elena Falletti (LIUC --  Carlo Cattaneo University) and Marco S. 
Nobile (Ca' Foscari university of Venice).  

Abstract. In this paper we propose a fuzzy logic-based approach 

to analyze NHS public administrative data related to pre- and post-pandemic claims filed by patients, 
analyzing the legal and ethical issues connected to the use of Artificial Intelligence systems, including 
our own, to take critical decisions having a significant impact on patients, such as employing 
computational intelligence to justify the management choices related to ICU bed allocation. 
Differently from previous papers, in this work we follow an unsupervised approach and, specifically, 
we perform an analysis of UK hospitals by means of a computational intelligence algorithm 
integrating Fuzzy C-Means and swarm intelligence. The dataset that we analyse allows us to compare 
pre- and post-pandemic data, to analyze the ethical and legal challenges of the use of computational 
intelligence for critical decision-making in the health care field. 
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[8767] Accurate Nuclei Segmentation in Breast Cancer Tumour Biopsies. 

Surya Kasturi (Sheffield Hallam University), William Tran (Sunnybrook Health Sciences Center) 
and Alex Shenfield (Sheffield Hallam University).  

Abstract. Breast cancer identification is a arduous process and diagnosing it using Haematoxylin and 
Eosin (H&E) stained pathology images is a significant challenge, with pathologists struggling to 
segment cancer nuclei accurately. This study will evaluate the efficacy of different methods utilising 
deep learning techniques for breast cancer nuclei segmentation, with a particular emphasis on U-Net 
architectures. The proposed methodology is divided into four stages: image enhancement, individual 
nuclei segmentation, feature extraction, and whole image binary segmentation. This work then 
conducts a rigorous comparison of different segmentation techniques. 

 

[8890] Composite Facility Location Problems: A Case Study of Personalised Medicine. 

Andreea Avramescu (The University of Manchester), Richard Allmendinger (The University of 
Manchester), Manuel Lopez-Ibanez (The University of Manchester) and Adriana Lopes 
(Biopharm Services Limited).  

Abstract. Facility location problems (FLPs) are one of the most popular optimisation classes for 
supply chain management. However, despite the high number of research outputs, complex FLPs 
with large decision spaces and multi-objective formulations remain hard to solve. In this paper we 
introduce a complex FLP for the supply chain of personalised medicine, and apply a divide and 
conquer algorithmic approach to address it. We propose a new multi-objective mathematical model 
for the delivery of targeted cell and gene therapies. In this case, the supply chain is circular and 
follows an on-demand and batch specific approach where the patient is also the donor. We solve the 
problem in a composite manner by splitting the FLP in stages, each optimising a sub-space of the 
larger decision space. In each stage we free up more decision variables to optimise, until eventually 
all decision variables defining the entire problem are made available for optimisation. Our results 
suggest that the composite approach is able to find better solutions when compared to an approach 
that is given an equivalent number of evaluations but optimises the entire problem at once. 
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[9465] Text-Mining based Feature Selection for Machine Leaning in Anti-Cancer Drug Response 
Prediction. 

Grace Wu Grace Wu (University of Ottawa Ottawa, Canada), Ishaan Goswami (University of 
Ottawa), Arvin Zaker (University of Ottawa) and Arvind Singh Mer (University of Toronto).  

Abstract. The aim of precision oncology is to provide a tailored treatment to patients using the 
genomic features of the tumor. Towards this goal, machine learning methods are being widely used 
for drug sensitivity prediction based on the gene expression data. Pharmacogenomic datasets usually 
contain more than twenty thousand features. Such large number of features, pose challenges in 
training and interpterion of the machine learning models. To overcome these challenges, feature 
selection is applied to data before training the model. In this paper, we introduce a simple, yet 
effective text-mining based feature selection approach for pharmacogenomics data analysis. Text-
mining based gene features were selected based on the co-occurrence of a drug and gene in 
scientific literature. We compared the text-mining based feature selection method against four 
commonly used feature selection methods. Our results show that machine learning models trained 
using the text-mining based method outperforms other feature selection approaches. In the future, 
application of the text-mining based feature selection will enable the development of robust 
machine learning models for drug response prediction 

 

[9866] Handling Sparse Longitudinal Data with Irregular Missing Data - Analysis of Fecal 
Coliform Bacteria Data. 

Shuai You (University of Victoria, Canada), Xiaolin Huang (University of Victoria, Canada), Li Xing 
(University of Saskatchewan, Canada), Youlian Pan (National Research Council Canada) and 
Xuekui Zhang (University of Victoria, Canada).  

Abstract. Fecal coliform bacteria are commonly used as an indicator to reflect the fecal 
contamination level in the water. To manage a healthy and thriving aquaculture industry, the 
Canadian Shellfish Sanitation Program (CSSP) was established in 1948. As a part of the CSSP mandate, 
fecal coliform bacteria levels in shellfish growing habitat have been monitored at 14,801 shellfish 
harvesting sites across the six coastal provinces of Canada over 40 years (1980-2019). The irregular 
sparseness in the measurement data presented a critical challenge for reliable analysis of fecal 
contamination patterns along Canada's coastline. This paper illustrates a preprocessing approach to 
handle the irregular sparseness in the measurement data of fecal coliform bacteria levels and 
demonstrates the effectiveness of data filtering, pooling, binning, partitioning, and the application of 
functional principal component analysis. We managed to transform the irregularly sparse 
measurements on a site into surrogate variables without missing data that represent the differences 
in the site's contamination amplitude and seasonal variation from the average. The surrogate 
variables will be used for downstream analyses, such as associating contamination with climate 
change. 
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[9949] Identification of Synthetic Engineering in Prokaryotic Genomes Using Evolved Neural 
Networks. 

Gary B. Fogel (Natural Selection Inc.), Enoch S. Liu (Natural Selection, Inc.), Brad Abramson 
(Noblis, Inc.), Semar Petrus (Salk Institute for Biological Studies), Tyler Barrus (Noblis, Inc.), 
Granger Sutton (Noblis, Inc.), Todd Michael (Salk Institute for Biological Studies) and Sterling 
Thomas (Noblis, Inc.).  

Abstract. Synthetic biology affords the opportunity to engineer biological systems for enhanced 
behaviors of interest to humanity. However, these same changes can in some cases be difficult to 
detect. As a result, it is difficult to know if engineering has or has not taken place simply because of 
the observed phenotype of an organism. While it is possible to detect changes at the genetic level, 
such processes are time intensive and costly. Here we demonstrate a proof-of-concept approach 
towards the detection of engineering in prokaryotic systems using neural networks optimized via 
evolutionary computation in light of knowledge of simulated edits and the natural diversity of the 
prokaryote Bacillus subtilis. The promising results can be extended to other systems for detection of 
synthetic engineering. 

 

[9953] Entanglement Mapping: A Novel Method to Detect Interacting SNPs in Genome-Wide 
Studies. 

Evanjelin Mahmoodi (National Institutes of Health), Anthony Musolf (National Institutes of 
Health), James Malley (National Institutes of Health) and Joan Bailey-Wilson (National Institutes 
of Health).  

Abstract. Genome-wide association studies (GWAS) have identified many associated SNPs across a 
variety of different diseases. However, there remains a significant gap in the heritability explained by 
these GWAS results and the total heritability predicted for the diseases. This is the missing 
heritability problem in genetics. One of the sources of missing heritability is gene-gene interactions 
between SNPs. However, traditional methods for detecting genomic associations have low power to 
detect these interactions. Machine Learning methods allow us to detect these interactions. Here, we 
present a new method for identifying interacting SNPs, called Entanglement Mapping (EM). EM 
works in conjunction with a previously developed Random Forest based method called r2VIM, which 
can model gene-gene interactions with high power, but cannot detect which genes are actually 
interacting. EM iteratively drops a single SNP and records the effect on importance score. We 
confirm this here by simulating a genetic model based on interacting and non-interacting SNPs. We 
have found that interacting SNPs exhibit a higher drop in importance score than SNPs that are known 
to not be interacting. This will be a useful tool in identifying potential new targets for drug 
development that were missed by traditional GWAS. 

 
 

 


