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Health Information Technology, Biotechnology & Allied Sciences Symposium 

HITBASS 2019 - SCHEDULE 
Technology for Health & Well Being 

Welcome to the second annual Science and Environmental Studies sponsored symposium. We have 

an exciting and varied schedule, with a visit from “Pepper” - a robot that can help dementia 

patients, drugs that target lung cancers, and smarter fridges! We hope you will enjoy this mix of oral 

presentations, posters and facilitated discussions exploring technology for health and well-being. 

Saturday  October 26, 2019  

Faculty Lounge 

DIGITAL HEALTH TECHNOLOGY (Chair – Dr. Jinan Fiaidhi) 

8:30 – 9:00 Registration and Coffee 

8:45 – 9:00 Welcome Address by Dr. Todd Randall, Dean, Faculty of SES 

9:00 – 10:00 

PUBLIC KEYNOTE: DR. ARSHIA KHAN, Associate Professor, Swenson College of Science 

and Engineering at the University of Minnesota, Duluth 

Robotics in Dementia Care  

10:00 – 10:30 
Dr. Sabah Mohammed, Professor, Computer Science, Lakehead University 

Trends in Smart Health  

10:30 – 10:45 Coffee Break 

10:45 – 11:15 

Dr. Arnold Kim, TBRHSC 

Aurora Constellations:  The case for modeling and design tools in the collaborative 

construction of complex patient care planning 

11:15 – 11:30 
Lisa Ewen, MSc Computer Science, Lakehead University 

 The Use of Data Fusion in Medical Planning: A Survey 

11:30 – 11:45 
Bhartiben Sindhi, MSc Computer Science, Lakehead University 

Data Security in Biomedical Applications 

11:45 – 12:00 
Joseph Tassone, MSc Computer Science, Lakehead University 

Utilizing Twitter Data Analysis and Deep Learning to Identify Drug Use 

12:00 – 12:15 
Kelechi A. Iwuorie, MSc Computer Science, Lakehead University 

Information Extraction for Adverse Drug Reaction Using Machine Learning 

12:15 – 12:30  
Ananta Bhatt, Aadhya Bhatt, MSc Computer Science, Lakehead University 

Next Generation Smart Fridge System Using IoT 

12:30 – 1:00 Lunch 
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Saturday  October 26, 2019  

Faculty Lounge 

CLINICAL & HEALTH RESEARCH (Chair – Dr. Jinan Fiaidhi) 

1:00 – 2:00 

KEYNOTE - DR VALERIE GRDISA, EVP Research, Quality and Academics/Chief Nursing 

Executive, TBRHRC  

From Bench to Bedside: Research and Innovation at the Hospital and Institute 

2:00 – 2:30 
Dr. Taryn Klarner, Assistant Professor, Kinesiology, Lakehead University 

Patient oriented research in Northern Ontario 

2:30 – 2:45 Coffeebreak 

2:45 – 3:15  

Dr. Ingeborg Zehbe, Lakehead University-TBRHRI Research Chair 

Dr. Guillem Dayer, PDF, TBRHRI 

Development of single-domain antibodies targeting the human papillomavirus 16 E6 

protein 

3:15 – 3:30 

Sepideh Dadgar, Biotechnology PhD candidate, Lakehead University 

Design and Evaluation of two Novel Fluorescent Molecular Probes Targeting 

Cathepsin B 

3:30 – 3:45 

Kimberly Christopher, Chemistry, Lakehead University 

Population genetics and structural analysis of taste receptor proteins responsible for 

the detection of sweet and umami taste in humans 

3:45 – 4:00 

Dr. Eryk Przysucha, Associate Professor, School of Kinesiology, Lakehead University 

Impact of Attentional Loading and Different Task Constraints on Postural Control of 

Older Adults 

4:00 – 4:15 
Navdeep Singh, Pankti Joshi, MSc Computer Science, Lakehead University 

A non-invasive glucometer using IoT and cloud 

4:15 – 4:30 
Gaurav Rao, Saint Mary’s University, Nova Scotia, Canada 

Responder network system during out of hospital cardiac arrest 

4:30 – 4:45 
Dale Dowling, MSc Computer Science, University of Minnesota, Duluth 

TBD 
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Sunday, October 27, 2019 – Morning Sessions 

Faculty Lounge 

BIOMECHANICS (Chair – Dr. Carlos Zerpa) 

8:30 – 9:00 Registration and Coffee 

9:00 – 10:00 

KEYNOTE – DR. MORRIS LEVY, Associate Professor of Biomechanics, Department of 

Applied Human Sciences, University of Minnesota Duluth 

Biomechanical Investigations in Piano Performance 

10:00 – 10:30 
Dr. Carlos Zerpa, Associate Professor, Kinesiology, Lakehead University 

Energy measures across hockey helmet impact locations 

10:30 – 10:45 Coffee Break 

10:45 – 11:00 
Zhe Bin Teo, MSc Kinesiology, Lakehead University 

Kinematic Analysis of Sabre Fencing Head Impacts via Simulations 

11:00 – 11:15 

Tyson Rybak, MSc Kinesiology, Lakehead University 

The Relationship Between Impact Velocity and Linear Acceleration for Different 

Headgear Across Different Impact Locations 

BIOTECHNOLOGY, BIOINFORMATICS & IMAGING (Chair – Dr. Mike Campbell) 

11:15 – 11:30 
Dr. Wely Floriano, Professor, Chemistry, Lakehead University 

Picking molecules out of a haystack: Virtual ligand screening (VLS) 

11:30 – 11:45 
Dr. Jinqiang Hou, Lakehead University-TBRHRI Research Chair 

Development of Small Molecule PET tracers Targeting GHS-R1a 

11:45 – 12:00 
Jessica Allingham, CHMS PhD candidate, Lakehead University  

Design, Synthesis and Characterization of a PET Diagnostic Agent for Neuronal Trauma 

12:00 – 12:15 

Alejandro Ortigas-Vásquez, Bioinformatics, Lakehead University 

Human Papillomavirus Type 16 Sub-Lineages and their Host Genome Integration 

Capability: The Development of Bioinformatics Tools 

12:15 – 12:30 

Meijia Zhang, Biotechnology PhD candidate, Lakehead University 

Effects of Nutrient Loading Rate And N/P Ratio on the Performance of a Novel 

Microalgal-Bacterial Membrane Photobioreactor 

12:30 -1:30 Lunch  
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Sunday, October 27, 2019 – Afternoon Public Sessions 

Saunders Fieldhouse, Lakehead University 

HITBASS SHOWCASE 

Public Open House in the Saunders Fieldhouse 2 – 4 pm 

Bring your friends to the free open house where you can meet the robot “Pepper”, test out your 

“gait” check out the cool Smart Health Fablab and learn some basic coding skills with the ozo-bots 

and makey-makeys! 

2:00 – 4:00 

SB1028 

• Meet and Greet with ‘Pepper’ the robot 

• Smart Health Fablab 

• Gait Analysis Demo 

• Concussion Impactor demo 

 

SB 1027 

• Learn to code with Ozo-bots and Makey-Makeys from Superior Science 

 

SB 1025  

• Electromyography (EMG)  

 

Saunders Fieldhouse Hallway  

• POSTERS 

 

4:00 – 6:00 
AWARDS BANQUET (Faculty Lounge) 

Awards presented by Dr. Jinan Fiaidhi 
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Sunday, October 27, 2019  

Saunders Fieldhouse, Lakehead University 

POSTERS 

Poster presentations judges: Dr Eryk Przysucha and Dr. Amarjit Chahal  

Dr. Ryan Tonkens,  Centre for Health Care Ethics, Lakehead University, Northern 

Ontario School of Medicine 

Carebots, Dementia Care & Respect for Cultural Diversity 

Digital Health 

Technologies 

Chandrasekhar Parisa, MSc Computer Science, Lakehead University 

Drone as Personal Assistant in Ambient Assisted Living Systems for the Elderly 

Digital Health 

Technologies 

Chandrasekhar Parisa, MSc Computer Science, Lakehead University 

Human Sentiment Extraction Using Cnn Model 

Clinical & Health 

Research 

Alysha Duivesteyn, MSc Kinesiology, Lakehead University 

An Investigation of Various Stretching Techniques on Hamstring Flexibility in 

Healthcare Students 

Clinical & Health 

Research 

Lucas Hudson, MSc Kinesiology, Lakehead University 

Simulating the Effectiveness of Football Collars at Reducing Head Displacement 

and Linear Acceleration Following Direct Head Impact 

Biomechanics 

Malikah Haq, MSc Chemistry, Lakehead University  

Synthesis and Evaluation of Protease-activated Receptor 2 Antagonist AZ3451 

Biotechnology, 

Bioinformatics 

and Imaging 

Xiaodong Zhang, College of Chemistry Biology and Environment, Yuxi Normal 

University, Yunnan, China 

Transcription Factor GrbHLH1 Regulates Gentiopicroside Biosynthesis in Gentiana 

rigescens 

Biotechnology, 

Bioinformatics 

and Imaging 

Jonas Olsen,  Lakehead University, Thunder Bay Regional Health Research 

Institute 

Development of LPA1 Targeting Small Molecules for PET Imaging of Prostate 

Cancer 

Biotechnology, 

Bioinformatics 

and Imaging 

Pooja Singh, Chemistry and Materials Science PhD candidate, Lakehead 

University 

Synthesis of Novel Des Muramyl Peptide Analogues as Potential 

Immunomodulators 

Biotechnology, 

Bioinformatics 

and Imaging 

Kyle D. G. McGillivray, School of Kinesiology, Lakehead University 

The Effect of Innovated TPU Hockey Helmet Padding Prototypes on the 

Mitigation of Linear Impact Acceleration 

Biomechanics 
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ROBOTICS IN DEMENTIA CARE 

 

PUBLIC KEYNOTE: DR. ARSHIA KHAN 

Associate Professor, Swenson College of Science and Engineering at the University of 

Minnesota, Duluth 

 

Growing life expectancy is causing a large growth in the population of people aged 65 or more 

and with this boost we are seeing an equally large growth in people affected with dementia. 

Worldwide, there are 50 million people living with dementia and 9 of these are in Europe, while 

close to 6 are in the USA.  The worldwide economic burden of dementia was $818 billion in 

2015. In addition to the financial burden the caregivers of people affected with dementia suffer 

from depression, stress, lack of health and wellbeing. The economic and caregiver burden for 

dementia calls for solutions such as assistive robotics that offer a promising potential to reduce 

caregiving burden and maintain and prolong the independence of the affected people. This talk 

will focus on dementia growth, care costs, its burden, caregiver needs, assisted robotic 

technology and related issues in addressing caregiving burden. Topics such as existing robotic 

solutions, end user needs, design considerations, safety and security, and categories of dementia 

care robots will also be discussed. Towards the end of the discussion a problem will be posed to 

the audience to engage and encourage a lively discussion.  
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TRENDS IN SMART HEALTH 

Dr. Sabah Mohammed  

Professor, Professional Engineer and IEEE Chair of Smart and Connected Health, 

Smart Health FabLab, Department of Computer Science, Lakehead University 

 

BACKGROUND AND OBJECTIVES: Each year, there are numbers of promising digital health 

technologies that enter the market of healthcare industry, but, over time, such connected health devices 

collectively do little to fundamentally make the overall healthcare system run more efficiently because of 

the interoperability bottleneck as well as the focus on inflexible syntactic data harmonization. Moreover 

many disruptive smart medical technologies fail to meaningfully shake up the often-conservative healthcare 

ecosystem.  The fact that we are highlighting in our research is to have a comprehensive understanding of 

the entire complex healthcare ecosystem. We argue here that there is a need for a pragmatic approach to 

the engineering of socio-technical systems based on the gradual introduction of socio-technical 

considerations into existing software procurement and development processes. We aim to address problems 

of usability and the incompatibility of socio-technical and technical systems development methods. Our 

Focus is on the flexible representation and integration of healthcare workflows.  

METHOD: Clinicians and staff in busy practices suggest that one of the most helpful things a facilitator 

can do for them is help them map key workflows. Workflow mapping is a way of making the invisible 

“visible” to a practice so they can look for ways to improve their processes to increase efficiency, reduce 

errors, and improve outcomes. In this direction, our research is focused on representing workflows as secure 

web services that can easily be integrated with other web services to make a bigger workflows. We used 

the Node-Red workflow environment along with the IFTTT rule-based environment to define healthcare 

workflows and the BigML for providing machine learning and analytics of the data generated on fly (in-

real time) from variety of medical devices including wearables. 

CONCLUSION: Our research introduced a solution to the development of Smart Healthcare System. It is 

based on Socio-Technical solution that enforces workflow design and integration. We used flexible 

infrastructure that is based on Node-Red, IFTTT and BigML technologies.  

Acknowledgment: This is a collaborative research with Dr. Jinan Fiaidhi 

 

Dr. Sabah Mohammed is a Full Professor of Computer Science and a Professional Engineer. His research 

interest is in intelligent systems that have to operate in large, nondeterministic, cooperative, highly 

connected, survivable, adaptive or partially known domains. His continuous research is inspired by his 

PhD work back in 1981 from Brunel University (UK) on the employment of the Brain Activity Structures 

for decision making (planning and learning) that enable processes (e.g. agents, mobile objects) and 

collaborative processes to act intelligently in their environments to timely achieve the required goals. He 

is the supervisor of the Smart Health FabLab at Lakehead University and the IEEE chair of the special 

interest group on Smart and Connected Health with the IEEE ComSoc eHealth TC. Finally he is the 

Editor in Chief of the IGI Global International Journal of Extreme Automation and Connectivity in 

Healthcare (IJEACH).  
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AURORA CONSTELLATIONS:  THE CASE FOR MODELING AND DESIGN TOOLS IN THE 

COLLABORATIVE CONSTRUCTION OF COMPLEX PATIENT CARE PLANNING 

 

Dr. Arnold Kim 

Thunder Bay Regional Health Sciences Centre 

 

Aurora Constellations is an exciting and ambitious initiative that explores the potential superiority of a 

modeling and design tool approach in the construction, expression and implementation of patient care 

planning.   Traditionally these are carried out in the form of data entry and medical documentation.    A 

demonstration that brings clarity to this initiative will be carried out by students from our computer science 

faculty, and a brief discussion will be made regarding student's experience in this multidisciplinary 

endeavour.  

https://hitsesbass.weebly.com/
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THE USE OF DATA FUSION IN MEDICAL PLANNING: A SURVEY 

Lisa Ewen, Sabah Mohammed,  

Lakehead University, ON, Canada 

 

BACKGROUND/OBJECTIVES: Planning requires information from many sources and may involve an 

array of different strategies to determine a feasible plan. Many data science techniques only involve one 

source and one technique, which does not always produce the most accurate outcome. Data fusion 

combines multiple data sources and allows these sources to be analyzed in a variety of ways to produce a 

more helpful and accurate outcome. Because of this, data fusion uses more diverse data and analytical 

techniques that can result in more useful applications in healthcare; particularly in the form of medical 

planning. This technique can produce more powerful plans for healthcare professionals that will aid in 

their decision-making processes, and as such it can be a very useful tool. 

METHOD: Data fusion will be performed using data streams to create medical plans. These plans will be 

comprised of multiple data sources in combination with a number of analytic techniques (Decision trees, 

support vector machine, neural networks, etc.). The data fusion will be performed using the Scala 

language and will be tested for accuracy after all medical plans have been created.  

CONCLUSION/IMPLICATION: Healthcare professionals are required to manage a large amount of 

information in short periods of time. Other analytic techniques have tried to lighten this load, but do not 

include the entire picture a healthcare professional may need to make a useful plan. Data fusion 

approaches planning differently by incorporating different data sources and techniques and can produce a 

plan that is much more useful to healthcare professionals.  
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DATA SECURITY IN BIOMEDICAL APPLICATIONS 

Bhartiben Sindhi, Jinan Fiaidhi 

Department of Computer Science, Lakehead University, Thunder Bay, Ontario 

BACKGROUND/OBJECTIVES: In the ongoing years, cyber criminals are interested in the electronic 

medical records as the black-market rate for this sort of data is a lot higher. Medical records contain data, 

for example, names, dates of birth, addresses, telephone numbers, IDs, card numbers, medicinal and social 

protection. Taking of such data can prompt a total identity fraud, as opposed to only a one-time bank hack. 

To conquer this issue giving security to Biomedical sites are significant. My point here is to make a custom 

assembly which can encrypt information with the use of more than one algorithm. This custom assembly 

can be added to any web application or windows application with other MongoDB files. Extra security can 

be given by IP address verification and two-way validation while login. 

METHOD: To provide security to medical records I have implemented following techniques in my web 

application: 

1) Made a custom assembly which has two encryption algorithm RSA and AES.  

2) These custom assembly also has feature in which various records of single table can be stored using 

different keys.  

3) Additional security is given to Doctors which is IP address verification. In which only those doctors 

will be able to login whose IP address are enrolled.  

 

RESULTS: Below graphs can show that how encryption algorithm works. 

 

                          

 

Conclusion: Giving security to Biomedical information are as significant as giving security to banking 

information. According to HIPAA Journal, between 2010 and 2014, approximately 41 million 

healthcare records were exposed in data breaches, but in 2015 alone, more than 113 million 

healthcare records were exposed. Absence of security can increase the number of breaches. Thus, 

securing health care data is important. Encrypting data, IP authentication and multiple key 

encryption is the best way to avoid identity theft, ransomware attack and breaches. 
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UTILIZING TWITTER DATA ANALYSIS AND DEEP LEARNING TO IDENTIFY DRUG USE 

Joseph Tassone, Peizhi Yan, Mackenzie Simpson, Chetan Mendhe, Vijay Mago, Salimur Choudhury 

Lakehead University, Thunder Bay, Ontario, Canada 

BACKGROUND/OBJECTIVES: The collection and examination of social media has become a useful 

mechanism for studying the mental activity and behavior tendencies of users. Through the analysis of a 

collected set of Twitter data, machine learning models were developed for predicting positively 

referenced, drug-related tweets. Additionally, a synthetically generated set provided increased scores, 

improving the classification capability. 

METHOD: Twitter social media tweets and attribute data were collected and processed using topic 

pertaining keywords, such as drug slang and use-conditions (methods of drug consumption). Potential 

candidates were preprocessed resulting in a dataset 3,696,150 rows. The predictive classification power of 

multiple methods was compared including regression, decision trees, XGBoost, SVM, and CNN-based 

classifiers. For the latter, a deep learning approach was implemented to screen and analyze the semantic 

meaning of the tweets. 

RESULTS: A summary of the results can be seen in Figure 1 and Table 1. Non-CNN-based models 

utilized 12,142 data points for training and 1,041 data points for testing. CNN model-B was trained with 

2,661 manually labeled samples, while CNN model-A included synthetically generated tweets 

culminating in 12,142 samples. Keyword strength determination was completed following the trained 

CNN model-B performing classification on the entire collected dataset, determining a correspondence 

with actual drug activity.  

 

 

Figure 1. ROC curves for different models.              Table 1. Metrics from testing different models. 

 

CONCLUSION/IMPLICATION: Predictive analysis without a CNN is limited and possibly fruitless. 

Attribute-based models presented little predictive capability and were not suitable for analyzing this type 

of data. The semantic meaning of the tweets needed to be utilized, giving the CNN-based classifier an 

advantage over other solutions. Commonly mentioned drugs had a level of correspondence with 

frequently used illicit substances, proving the practical usefulness of this system. Lastly, the synthetically 

generated set provided increased scores, improving the predictive capability.  
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INFORMATION EXTRACTION FOR ADVERSE DRUG REACTION USING MACHINE 

LEARNING 

Kelechi A. Iwuorie , Dr. Sabah Mohammed 

Lakehead University, Ontario, Canada 

 

BACKGROUND/OBJECTIVES: The increasing supply of information on social media present 

enormous opportunity for drug safety monitoring. This enables the use of knowledge extraction technology 

and other sophisticated techniques to generate post market safety data from multiple sources, which can be 

utilized for public health monitoring. Making social media a potential valuable source that could replace 

the more traditional sources of information extraction. However, information remains largely unexploited 

as the use of social media data for safety monitoring is still in its infancy. Our objective is to investigate the 

application of Natural Language Processing and subsequent data mining techniques towards performing 

information extraction for automated or semi-automated drug safety monitoring. 

METHOD: We aim to provide a machine learning based solution for identifying potential adverse drug 

reactions from social media data. Therefore the applications of computational linguistics, text mining, and 

NLP techniques are investigated. The solution is based on modelling word semantic similarities and name-

entity-recognition to find the relationship between a condition or symptom and a users comment, to extract 

the provided side effects of a drug. Information extraction is performed for both known and unknown side 

effects. 

CONCLUSION/IMPLICATION: Through this paper, we investigate and implement a possible means 

for extracting useful information from health related user data on social media. We take into account the 

challenges and barriers currently presented by social media applications for drug safety monitoring over 

traditional sources. We also aim to demonstrate the possibility of overcoming the current barriers of 

performing information extraction on social media data with relatively high performance. 
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NEXT GENERATION SMART FRIDGE SYSTEM USING IoT 

Ananta Bhatt, Aadhya Bhatt, Jinan Fiaidhi 

Lakehead University, Ontario, Canada 

 

BACKGROUND/OBJECTIVES: Rapid development in technology has driven our attention towards 

intelligent and smarter regime. Devices need to be smarter in order to match with our daily requirements. 

One of such devices is a fridge. Current lifestyle of people involves spending less time at home and more 

time at work, a quick responsive smart kitchenware can be designed to save time and money during 

shopping. This paper focuses on developing a smart fridge that will notify the user of which food items are 

present in the fridge. This smart sensing application will capture images of the items in fridge and recognize 

the list of the items using AWS Rekognition API. Users can pass queries to the application in the form of 

text and using AWS Polly, text is translated into speech and returned as the result. Further, this image of 

the items in the fridge can be sent to the users remotely. Thus, helping users to avoid food wastage and 

overspending on unnecessary items.   

 

INTRODUCTION: Shopping is an unavoidable task which involves people focusing on the quality and 

quantity of food. However, with no track to keep on the items sometimes people end up buying unnecessary 

items and thus spending more time possible. When combing Internet of Things (IoT) which will allow 

fridge devices systems to communicate through internet, focus will be maintained on required necessary 

items. In various research papers, authors have tried to find expiry, frequency of food items in fridge.  

In this paper, we have proposed a smart fridge to increase healthy lifestyle with minimum effort and time. 

The system is designed to identify and manage the food items in the fridge. It also identifies which type 

food is stored in the fridge like fruits, vegetables, meat, dairy products, grains and many more. The smart 

fridge has intelligent embedding system to help it communicate with the devices as well as the user. We 

have used raspberry pi to mound the devices, raspberry pi camera to recognize the food item, Amazon Web 

Services Polly to convert user’s text to speech.  

This system will assist people who have busy schedule and forget to focus on their healthy lifestyle and 

their diet. When having access to smart fridge they are able to figure which food items are missing in the 

fridge which require refilling with ease.  

 

METHOLODY: We start by physically connecting external devices, power bank, USB LED Light and 

camera to the Raspberry Pi device. An external speaker is then attached to the Raspberry Pi device using 

bluetooth or audio cable. Further, RaspiCam-Remote mobile app is installed to remotely access the internal 

view of the fridge anytime and anywhere. Raspberry Pi device's IP address is used to build connection with 

the RaspiCam-Remote mobile application. Using the python code, an image of items present in the fridge 

will be taken using Pi Camera. Further, image recognition process is performed using AWS 

Rekognition API. The list of the items recognized are stored. This list of the recognized items will be given 

to AWS Polly that will produce audio output using Text to speech translation. The audio will be played via 

bluetooth on the external speaker that is connected with the Raspberry Pi device. 

  

CONCLUSION/IMPLICATION:  

Through this paper we have introduced a smart fridge that will capture and present the user with the list of  

items present in the fridge. Further, will take queries from users like, ‘what items are in the fridge?’ in text  

form and present the result in audio form. The user can also remotely access the camera and view the items  

in the fridge and also receive an image of the items in the fridge. This application will help users save time  

in shopping and live a healthy lifestyle. We are certain that such type of system will be extremely beneficial  

for avoiding food wastage. 

https://hitsesbass.weebly.com/
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FROM BENCH TO BEDSIDE: RESEARCH AND INNOVATION AT THE HOSPITAL 

AND INSTITUTE 

KEYNOTE - DR VALERIE GRDISA 

EVP Research, Quality and Academics/Chief Nursing Executive, TBRHRC 

 

Dr. Grdisa will provide an overview of the research at the Thunder Bay Regional Hospital and the 

Research Institute with a focus on how research is undertaken to: 

1. Pursue innovation – through the integration of research, academic learning, and clinical practice, 

we strive to be a leader in healthcare research and delivery; 

 

2. Improve health care – researchers work closely with healthcare professionals, physicians, and 

academic and industry partners to improve health care through excellence in patient-centred 

research; 

 

3. Address relevant issues – by bringing research from the bench to the bedside through the 

development of early detection methods, new treatments and potentially cures, all relevant to the 

population we serve; 

 

4. Develop people – as an academic hospital, the learning environment allows medical students and 

other learners to train alongside practicing physicians and other healthcare professionals whose 

involvement in research ensures trainees understand how research improves health care; and 

 

5. Achieve positive economic impact – we have a patient-centred research focus that is market-

oriented so that discoveries that prove to be useful can reach patients in our communities. 
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PATIENT ORIENTED RESEARCH IN NORTHERN ONTARIO 

Dr. Taryn Klarner 

School of Kinesiology, Lakehead University, Thunder Bay, Ontario, Canada 

 

BACKGROUND/OBJECTIVES: Engaging patients in the research process is required to direct 

research efforts that are beneficial to the end-user. Using patients, their families, and all other invested 

stakeholders is increasingly important in areas such as Northern Ontario that are geographically isolated 

from large metropolitan areas where different access to services, resources, and thus needs exists. 

 

METHOD: Three examples of patient oriented research being conducted in Northern Ontario are 

presented for consideration. 

 

RESULTS: The first project supports Elders’ participation in remote Indigenous communities in 

Northwestern Ontario to explore the role of community rehabilitation support workers to encourage safe 

and active community participation. The second project will be a partnership with the Ontario 

Kinesiology Association and the Thunder Bay Regional Health Science Center to explore the role of 

licensed Kinesiologists in acute care facilities. And the third project is a continuation of previous work 

that examines stroke rehabilitation in remote communities to benchmark the current reality, brainstorm an 

ideal future state, and suggest how health research and patient/caregiver involvement could bridge the gap 

to that ideal future state. 

 

CONCLUSION/IMPLICATION: The relatively new framework that uses patients to guide and inform 

the research process represents a paradigm shift from traditional research design that places the 

experience of patients very low on the priority scale. However, engaging the final knowledge end-users to 

be active participants in research design and execution will continue to be mutually beneficial to guide 

research in Northern Ontario.  
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DEVELOPMENT OF SINGLE-DOMAIN ANTIBODIES TARGETING THE HUMAN 

PAPILLOMAVIRUS 16 E6 PROTEIN 

M. Togtema1, G. Dayer2,3, I. Zehbe2,3 

1Biotechnology Program, Lakehead University, Thunder Bay, ON, Canada, P7B 5E1 
2Probe Development and Biomarker Exploration, Thunder Bay Regional Health Research Institute, 

Thunder Bay, ON, Canada, P7B 6V4 
3Department of Biology, Lakehead University, Thunder Bay, ON, Canada, P7B 5E12 

 

Persistent viral or bacterial infections, including those by human papillomavirus type 16 (HPV16), are the 

causative factors of approximately 20 percent of malignancies worldwide. An emerging approach to 

address this issue is the development of therapeutic molecules which utilize components of a natural 

immune response to specifically inhibit oncogenic microbial proteins. The HPV16 genome encodes two 

oncoproteins, E6 and E7, which are essential for viral carcinogenesis. While E7 promotes cell 

proliferation, E6 abolishes the resulting p53-dependent apoptotic response. Accordingly, traditional 

monoclonal antibodies and fragments thereof have the potential to inhibit E6 activity and induce cell 

death. However, challenges related to their functional properties as well as to the biology of the E6 

oncoprotein itself appear to have precluded their clinical translation, leading us to explore the prospects of 

antibody fragments such as single-domain antibodies (VHHs). VHHs are the variable domains of camelid 

heavy-chain-only antibodies. Despite their small size (~ 15 kDa) they sustain the antigen-binding capacity 

of the full-size IgG, have low immunogenicity and can be solubly expressed in microbial cells with ease. 

We generated a pool of anti-E6 VHH candidates and assessed their ability to detect recombinant E6 

protein using ELISA, Western blotting, dot blotting, as well as surface plasmon resonance (SPR). 

Interestingly, the VHHs appear to interact only with the native recombinant protein, suggesting they may 

bind functional domain(s) within E6. We then assessed the endogenous E6 binding capacity of our VHH 

using co-immunoprecipitation and monitor their nuclear entry using immunofluorescence microscopy. 

While the VHH appear to enter the nucleus by passive diffusion, they failed to immunoprecipitate the 

endogenous E6 protein in our current approach. Currently, we are assessing the VHHs’ therapeutic 

potential in functional assays and immunostaining. Further work will be needed to fully analyze the 

usefulness of these molecules for HPV detection and therapeutic application.  
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DESIGN AND EVALUATION OF TWO NOVEL FLUORESCENT MOLECULAR PROBES 

TARGETING CATHEPSIN B 

Sepideh Dadgar1, 3, Morshed A. Chowdhury2, Christopher Phenix2, Wely B. Floriano1 

1Department of Chemistry at Lakehead University, Thunder Bay ON P7B 5E1, Canada. 
2 Chemistry, University of Saskatchewan, Saskatoon, SK S7N 5C9, Canada 

3 Thunder Bay Regional Health Research Institute, Thunder Bay, ON P7A 7T1, Canada 

 

BACKGROUND/OBJECTIVES: Cathepsin B is a member of the cysteine protease family, known to 

participate in intracellular degradation and protein turnover. Overexpression of CTB is reported in different 

types of cancers in humans (Gondi and Rao 2013). Thereby, it has been proposed as a biomarker for various 

cancers (Terasawa, Hotani et al. 2015, Chen, Dong et al. 2017) and represents a potential target for 

diagnostic purposes and for monitoring treatment outcomes. Our group successfully synthesis and 

evaluated two novel probes, selective to CTB. The substrate based probe (Z-Lys-Lys-PABA-DCMF) with 

specificity constant kcat/KM = 41.9± 0.07 mM-1× s-1, and fluorescent emission upon CTB cleavage (λem = 

522 nm) and near-infrared non-activable probe (CID8795ATTO680) with high potency to CTB (EC50:0.63 

nM). 

METHOD: After successfully synthesizing and fluorescent labeling of the probes, the purity confirmed 

with mass spectrum and NMR. After Spectrophotometric Characterization, the binding affinity of the Z-

Lys-Lys-PABA-DCMF evaluated by enzyme kinetic assay and the binding interaction of the 

CID8795ATTO680 confirmed by fluorescent polarization assay.  

RESULTS: The reaction steps for hydrolysis of Cbz-Lys-Lys-PABA-DCMF is shown in Figure 1. A 

Michaelis-Menten curve was generated by plotting the initial rate of hydrolysis of Z-Lys-Lys-PABA-

DCMF vs the concentration of substrate .Figure 2. Fluorescent polarization result confirmed the binding 

interaction of the CID8795ATTO680 towards CTB Figure 3. The EC50 value calculated by plotting average 

maximum RFU versus serial concentrations of CTB Figure 4.  

CONCLUSION/IMPLICATION: We reported, the successful synthesized, characterized, and evaluated 

of the two selective fluorescent probes for CTB in preliminary biological studies. These probes would be 

an excellent low-cost method for CTB detection in models of cancer as well as potentially used an 

intraoperative tool to reveal tumor margins during surgical procedures. 

https://hitsesbass.weebly.com/
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Figure 1. The reaction steps for hydrolysis of Cbz-Lys-Lys-PABA-DCMF, PABA immolation, and 

releasing DCMF. 
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Figure 2. Michaelis-Menten (A) and Lineweaver-Burk (B) plots used to determine kinetic parameters for 

Cbz-Lys-Lys-PABA-DCMF. Experiments were performed in duplicate at 5 nM concentration of CTB, 

pH 5.5, and temperature of 37°C. The substrate concentration ranged from 5 mM to 0.019 mM. 
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Figure 3. Change in Fluorescent polarization in the presence and in the absence of CTB (0.25, 0.74, 2.23, 

6.69, 20.07, 60.22 and 180.68 nM) for CID8795ATTO680 at 20 nM. Assays were performed in triplicate 

at pH 5.5 and read at 60 minutes, which were incubated for 5 minutes at 37ºC. The result is based on the 

average of all points.  

 

Figure 4. log(agonist) vs. response Variable Slope Nonlinear curve fit model for measure the EC50 of the 

CID8795ATTO680. Log concentration of CTB start at 0.25nm to 180.68nm as a factor of three versus 

50nm concentration of the probe at 37ºC. 

REFERENCES:  

Chen, S. Y., H. Dong, S. M. Yang and H. Guo (2017). "Cathepsins in digestive cancers." Oncotarget 8(25): 41690-

41700. 

Gondi, C. S. and J. S. Rao (2013). "Cathepsin B as a cancer target." Expert Opinion on Therapeutic Targets 17(3): 

281-291. 

Terasawa, Y., T. Hotani, Y. Katayama, M. Tachibana, H. Mizuguchi and F. Sakurai (2015). "Activity levels of 

cathepsins B and L in tumor cells are a biomarker for efficacy of reovirus-mediated tumor cell killing." Cancer Gene 

Therapy 22(4): 188-197. 
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IMPACT OF ATTENTIONAL LOADING AND DIFFERENT TASK CONSTRAINTS ON 

POSTURAL CONTROL OF OLDER ADULTS 

E. Przysucha, B. Vollebregt  

School of Kinesiology, Lakehead University 

 

BACKGROUND/OBJECTIVES: In line with Model of Constraints (Newell, 1986) a skill such as 

balance can be affected by many different functional, task and environmental constraints.  This appears to 

be particularly relevant among older adults.  The purpose of this research was to examine if, or to what 

extent, the balance of older adults would be jeopardized when performing different attentional tasks while 

standing on different support surfaces.  It was hypothesized that older adults would be unaffected under 

relatively simple attentional and task demands, however their balance would be jeopardized when 

engaged in a Stroop test while standing on non-compliant surface. 

METHOD: Twenty older adults (M = 74.67 SD = 5.76) were recruited via purposive sampling, and 

asked to stand on a force platform and maintain balance on compliant and non-compliant surface, while 

involved in a control condition with no attentional interference, when asked to perform Stroop test and 

when solving a simple arithmetic tasks.  Three trials per each of the 6 conditions were carried out. The 

analysis of balance control was derived from various measures of center of pressure (COP).  A series of 

repeated measures factorial ANOVAs were implemented for path length, sway area, anteroposterior 

sway, mediolateral sway, and center of pressure velocity. 

RESULTS: The results revealed significant interaction effects for path length (F (2, 38) = 3.76, p ≤ .03, 

2 = .17) and mediolateral sway (F (2, 38) = 4.23, p  .02, 2 = .18). The remaining variables showed 

main effects for both surface type and attentional condition.  When the interaction effects were examined, 

the results only partially confirmed the initial hypothesis. The addition of a secondary task resulted in 

jeopardized balance, as evident from larger COP measures, regardless of the surface type (Shumway-

Cook et al., 1997).  However, an unexpected yet robust finding showed that the calculation task was more 

challenging than the Stroop task regardless of surface type. 

 CONCLUSION/IMPLICATION: Conceptually the results are in line with attentional models of motor 

control confirming that performance of even seemingly simple tasks (e.g., balance) is cognitively / 

attentionally demanding. From the practical perspective, the study showed that balance control of older 

adults may be jeopardized when involved in more demanding postural tasks, especially those requiring 

substantial amount of attention. 
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A NON-INVASIVE GLUCOMETER USING IOT AND CLOUD 

Navdeep Singh, Pankti Joshi 

Department of Computer Science, Lakehead University, Thunder Bay, Canada 

 

OBJECTIVE: A lot of people suffer from increased or decreased level of glucose in their body. Though 

many big companies are working on it, there are no proven method to continuously monitor the sugar level 

in body. Currently, invasive methods are adopted to measure the blood glucose level. These are quite painful 

as this involves pricking on fingers. Hence, we are proposing a solution for the same. A non-invasive 

method to find blood glucose level in body.  

METHOD: The proposed method uses IoT and lightweight Message Queue Telemetry Transport protocol. 

This method uses the particle photon as the micro-controller and Pixy camera to capture the images using 

Visible laser beam. Using the above components, a wearable device is developed, and the pictures of the 

fingertip is taken using the camera continuously, which is used to compute histograms. The level of blood 

glucose level is computed using Artificial Neural Networks implemented. The backend is flexible and is 

very well scalable such that any new sensors added to the device can be easily accommodated such as 

pressure sensors and heat sensors to get cardiogram. GPS can be added to the model, such that if any 

abnormality is detected, nearby hospital is notified. The data read using the proposed model are stored on 

the cloud. The proposed method helps the patients to continuously monitor their blood sugar level and helps 

to reduce the risk caused by it. 

CONCLUSION: We proposed a non-invasive glucometer to continuously monitor blood glucose level in 

the body. Data is being uploaded on a cloud and in case of any abnormality or emergency, user and nearby 

healthcare body can be notified. 
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RESPONDER NETWORK SYSTEM DURING OUT OF HOSPITAL CARDIAC ARREST 

Gaurav Rao1 

1Saint Mary’s University, Nova Scotia, Canada 

BACKGROUND/OBJECTIVES: During out-of-hospital cardiac arrest (OHCA), an automated external 

defibrillator (AED) increases chances of patient survival when it is applied to the patient before the arrival 

of an emergency team. Existing responder network system notifies all the responders in 500-meter radius 

of the emergency. This research proposes to create a system where only the required number of responders, 

who can reach the emergency in time, are notified. 

METHOD:  Research is conducted to identify the factors which affect the travelling of the responder to 

reach the emergency. These factors are then optimized to find the responders who can reach the emergency 

in shortest time.  

RESULTS: An algorithm has been developed, which can take into consideration multiple factors, and find 

the optimized result faster than existing approaches. The developed system was able to get results in under 

two seconds, whereas Integer Linear Programing took around 66 seconds and Hungarian approach took 

more than seven hours. 

CONCLUSION/IMPLICATION: The results show that an automated system can be implemented to 

identify the responders who can attend the emergency. This will help in optimization of human resources 

who were previously asked for help, even though they could not reach the emergency on time. Future work 

can be done to add additional factors to make responder selection better.  
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BIOMECHANICAL INVESTIGATIONS IN PIANO PERFORMANCE 

 

KEYNOTE – DR. MORRIS LEVY  

 

Associate Professor of Biomechanics, Department of Applied Human Sciences, University of 

Minnesota Duluth 

 

In relation to sport performance, the study of performing artists is challenging because the 

physical performance cannot only be measured in terms mechanics, but also in terms of 

“artistry”, which can be challenging to assess.  For instance, the hands of a pianist can move very 

fast, but will the sound produced have the desired effect?  Our initial studies are focusing on 

basic measures of mechanical performance (timing, velocity) to assess how pianists adapt to 

various keyboards.  We subsequently focus on how changes in focus of attention (FOA) while 

performing a piece of music affect both mechanical and music performance.  Results suggest 

important individual constraints, with potential pedagogical, performance, and rehabilitative 

implications.  
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ENERGY MEASURES ACROSS HOCKEY HELMET IMPACT LOCATIONS 

 

Dr. Carlos Zerpa 

Lakehead University, Thunder Bay Canada 

 

 

This research study examined the relationship between risk of head injury and energy loading across 

hockey helmet impact locations as another avenue to assess helmet performance in reducing the risk of 

head injuries. 
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KINEMATIC ANALYSIS OF SABRE FENCING HEAD IMPACTS VIA SIMULATIONS 

 

Zhe Bin Teo1  

1Lakehead University, Ontario, Canada 

 

BACKGROUND/OBJECTIVES: The three purposes for this study were: 1) To measure the sword 

velocity of virtual and real-life fencers through video analysis method, 2) To determine the validity of the 

velocity measures of the Vicon Peak Motus® Human Analysis system, Kinovea software, and Dartfish 

Software, 3) To determine the velocity for the tip of blade and pommel guard impacts to apply the 

momentum and velocity for the mask testing. 

 

METHOD: Videography technique and the pneumatic linear impactor was used in this study. 18 videos 

selected randomly from YouTube video sharing application were analysed using Peak Motus® system. 

Then, the pneumatic linear impactor was used to simulate the head impacts of sabre fencing which 

included the front and side locations of the fencing mask. A split half correlation was used to determine 

the internal consistency within the data. 

 

RESULTS: It was found that the peak linear acceleration of the head impacts did not exceed the 

concussion threshold when 24 psi was applied to the impactor. It was also found that the front location of 

the fencing mask mitigated more energy than the side, t (45.192) = -19.395, p<.0005, d=5.01, CI: [-4.92, -

3.99], r²=.8928. This might be influenced by the curvy design at the front location of the fencing mask. 

The peak linear acceleration data for the front location obtained was reliable (ICC = .707), while for the 

side location, it was moderately reliable (ICC = .407). 

 

CONCLUSION/IMPLICATION: No significant difference was found between the wrist and sword 

velocity. There was a significant difference between the peak linear acceleration of the front and side 

locations when the pressure applied to the impactor was 24 psi. In the future, it will be ideal to use more 

masks to allow adequate time for the mask to rebound to its original shape. 
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THE RELATIONSHIP BETWEEN IMPACT VELOCITY AND LINEAR ACCELERATION 

FOR DIFFERENT HEADGEAR ACROSS DIFFERENT IMPACT LOCATIONS 

Tyson Rybak, Carlos Zerpa 

Lakehead University, Thunder Bay, Ontario, Canada 

BACKGROUND/OBJECTIVES: In boxing, concussions and long-term head trauma are major 

concerns due to the frequency of high-impact blows sustained by the head in competition. It has been 

shown that 0.8 incidences of concussion occur per 10 rounds of professional competition. Boxing 

headgear are used as the primary form of head protection. There is, however, a lack of information on the 

extent to what linear velocity and impact acceleration relate to one another across different protective 

headgear in preventing head injuries. Based on this concern, the purpose of this study was to examine the 

relationship between velocity and linear impact acceleration for Adidas and Century boxing headgear 

models across different impact locations. 

METHOD: Impacts were imparted on the headgear using a pneumatic horizontal impactor with a 13.1 kg 

impactor rod. Trials were recorded for each headgear across 18 different velocity at both front and side 

impact locations. A multiple regression analysis was conducted to examine the extent to what velocity, 

type of headgear and impact location significantly predicted linear impact acceleration. 

RESULTS: Impact velocity and location were significant predictors of peak linear acceleration, however; 

type of headgear was not a significant predictor, which means that both headgear behaved similarly across 

impact locations on measures of impact velocity and linear acceleration. The predictors related to velocity 

and location, however, accounted for 87.3% of the variance. The following figures compare headgear for 

performance at each speed and impact location.  

 

Figure 1: Front Impact Headgear Performance   Figure 2: Side Impact Headgear Performance 

CONCLUSION/IMPLICATION: The headgear brands did not perform significantly different in 

mitigating resultant acceleration of the head. Future research should explore performance of these 

headgear in comparison to impacts where no headgear is worn in order to establish their effectiveness in 

reducing concussion risk. 
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PICKING MOLECULES OUT OF A HAYSTACK: VIRTUAL LIGAND SCREENING (VLS) 

 

Dr. Wely Floriano 

Professor, Chemistry, Lakehead University 

 

Virtual Ligand Screening (VLS) is a computational technique that uses molecular docking in order to 

predict which compounds of a large database of chemical compounds bind best to the structure of the target 

protein. Most molecular docking approaches can correctly predict the binding mode of a ligand in the active 

site of a protein, even across different protein families and inhibitor classes. However, the identification of 

which ligands in a library will bind to a target protein is much less successful, with high rates of both false 

positives and false negatives. In this talk we will review the basic concepts and applications of VLS, and 

discuss an alternative approach for scoring protein-ligand complexes generated by molecular docking in 

the context of VLS. In this approach, binding affinities are represented as a function of molecular 

interactions of each ligand screened against multiple binding cavities within the structure of the target 

protein. These binding energies along with additional descriptors are combined using Principal Components 

(PC) analysis. We show that this approach effectively discriminates between known "binder” (active) and 

”nonbinder” (inactive) compounds for six target proteins, and it is especially useful for handling 

heterogeneous libraries of varied molecular weight and charges.  
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DEVELOPMENT OF SMALL MOLECULE PET TRACERS TARGETING GHS-R1a  

 

Jinqiang Hou 1,2 , Savita Dhanvantari 3,4, Leonard G. Luyt 3,4, 

 

1. Lakehead University, Thunder Bay, Canada; 2. Thunder Bay Regional Health Research 

Institute;  3. Lawson Health Research Institute, London, Canada; 4. Western University, London, 

Canada. 

 

Molecular imaging with PET (Positron Emission Tomography) is an attractive platform for non-

invasive detection and assessment of disease. GHS-R1a, the growth hormone secretagogue 

receptor type 1a, is a G protein coupled receptor that binds the endogenous ligand ghrelin. GHS-

R1a has been demonstrated to be highly expressed in prostate [1] , breast [2] , and ovarian cancer 

[3] and has been identified as a biomarker related to cardiovascular disease [4] . Therefore, it is 

proposed that the development of PET imaging agent targeting GHS-R1a has the potential to detect 

and assess the GHS-R1a expression in diseases such as prostate cancer and cardiovascular disease. 

To enable the development of F18 radiolabelled pharmaceuticals, we have synthesized four series 

of quinazolinone derivatives and their binding affinities with GHS-R1a were evaluated using radio 

ligand binding assay. A 3D QSAR model (CoMSIA) was developed to assist in the design of the 

1st series of fluorine-containing molecules, resulting in two lead compounds with nanomolar 

binding affinity with GHS-R1a. Further medicinal chemistry efforts have resulted in the 2 nd, 3 rd 

and 4 th series of compounds. Among them, three compounds showed sub-nanomolar binding 

affinity which is ~10 fold greater than natural ghrelin. The best compound was successfully 18F-

radiolabeled with a decay corrected radiochemical yield of 53% and a radio-purity of > 99%. To 

demonstrate the ability of imaging myocardial infarction (MI), preliminary studies to detect and 

quantify changes in regional distribution of myocardial GHSR in a canine model of myocardial 

infarction (MI) using hybrid PET/MRI was performed and the results showed differences in 

patterns of regional uptake compared to known tracers of perfusion and inflammation. These 

molecular changes are seen in the injured heart while there are no observable functional changes 

seen in MRI. Further studies will be performed to better understand the function of this tracer. This 

tool can be used for other cardiac diseases and will ultimately help improve knowledge of 

molecular changes in heart failure. 

References: 

[1] a) P. L. Jeffery, et al., J Endocrinol 2002, 172, R7-11; b) C. Lu, et al., Prostate 2012, 72, 825-833. 

[2] P. Cassoni, et al., J Clin Endocrinol Metab 2001, 86, 1738-1745. 

[3] F. Gaytan, et al., J Clin Endocrinol Metab 2005, 90, 1798-1804. 

[4] G. A. Douglas, et al., Peptides 2014, 54, 81-88. 
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DESIGN, SYNTHESIS AND CHARACTERIZATION OF A PET DIAGNOSTIC AGENT FOR 

NEURONAL TRAUMA 

 

Jessica Allingham1, Dr. Wely Floriano 1 , Dr. Michael Campbell 1,2  

1Lakehead University, Ontario, Canada 
2Thunder Bay Regional Health Research Institute, Ontario, Canada 

 

BACKGROUND/OBJECTIVES: The expression of glial fibrillary acidic protein (GFAP) and S100B 

are upregulated in the presence of neuronal trauma, such as concussions. These increases correlate with 

astrocyte hypertrophy and proliferation as well as inflammation, thus both proteins are reliable 

biomarkers of the onset and progression of astrogliosis in neuronal trauma. Concussions are an 

increasingly significant issue, especially in the sports community. There is currently no single standard 

for diagnosing mild traumatic brain injuries. This research is conducted to fill the void in concussion 

diagnostics with a fluorine-18 radiotracer.  

 

METHOD: This research is conducted to fill the void in concussion diagnostic techniques by identifying 

hit compounds using virtual screening, synthesizing them and labelling them with 18F. The 

radiopharmaceuticals will bind with the biomarkers. Once bound, the build up of GFAP and S100B can 

effectively be imaged using a PET scanner to aid in the diagnosis of mild brain trauma. The ability to bind 

with the biomarkers will be tested using unlabelled probes in surface plasmon resonance (SPR) and 

enzyme-linked immunosorbent assay (ELISA) experiments. In vivo, the 18F probe will be tested in a 

mouse model using microPET imaging 

 

RESULTS: A hit compound for GFAP, modelled after Dilantin, an anti-convulsant, has been synthesized 

and radiolabeled successfully. Binding assays have been developed for the GFAP radiotracer using both 

SPR and ELISA, with some further modification required. Hit compounds for S100B have been identified 

using virtual screening and synthetic plans have been made and executed.  

  

CONCLUSION/IMPLICATION: This research could provide a very exciting advancement in 

concussion diagnostics to fill an eminent void in the health care system.  
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HUMAN PAPILLOMAVIRUS TYPE 16 SUB-LINEAGES AND THEIR HOST GENOME 

INTEGRATION CAPABILITY: THE DEVELOPMENT OF BIOINFORMATICS TOOLS 

Alejandro Ortigas1, Robert Jackson2, Ingeborg Zehbe3 

1Bioinformatics Program, Lakehead University, ON, Canada 
2School of Animal & Comparative Biomedical Sciences, University of Arizona, AZ, USA 

3Department of Biology, Lakehead University, ON, Canada 

 

Our lab has been intrigued by the fact that viruses often take on the role of mobile elements to perpetuate 

their existence in a complex organism’s genome. Multiple DNA viruses such as Epstein-Barr virus, 

hepatitis B virus, and human papillomavirus (HPV) can invade the human genome, as “genomic parasites”. 

Here we investigate the HPV family, which is a widespread group of tumour viruses in humans. 

To evaluate virus-host integration patterns of whole genome HPV16 variant sub-lineages, we set out to 

perform a large scale computational analysis using Next Generation Sequencing data from The Cancer 

Genome Atlas (TCGA). The computational resources used for this high throughput analysis are being 

developed as needed, documented and maintained by a dedicated bioinformatics specialist and will be 

extensively utilized in future projects. 

Recently, we have performed a pilot study of 28 cases of HPV16-positive cervical cancer and 9 “negative” 

controls of HPV-negative cervical cancer to develop an optimized algorithm for TCGA-derived clinical 

samples. We are also developing HPVFinder, a specialized tool for HPV16 variant-specific integration 

analysis that incorporates ensemble Hidden Markov Models and local assembly algorithms used in modern 

structural variant and viral integration detection tools, along with reduced third party dependencies and an 

enhanced user experience. 

Finally, we plan to conclude the project by using these new tools to carry out a genome-wide association 

study of structural variants aimed at evaluating the existence of genomic instability patterns among HPV16 

sub-lineages. We will expand to include data from other open sources such as the Sequence Read Archive 

and build upon the findings of recent studies. 

 

Biography 

Alejandro is a third-year student and aspiring scientist in the Bioinformatics program at Lakehead 

University. Originally from Lima, Peru, he studied dentistry for several years before discovering he had 

an aptitude for research and computation. His laboratory experience in bioinformatics includes a two-

month research internship at the Anthropological Genomics Laboratory in Pennsylvania State University 

under Dr. George (PJ) Perry. Earlier this year he became a member of the Zehbe Research Group led by 

Dr. Ingeborg Zehbe, where he is currently developing new bioinformatic tools in the field of cancer 

genomics. 

  

https://hitsesbass.weebly.com/


  
 
 

35 

https://hitsesbass.weebly.com/ 

 

EFFECTS OF NUTRIENTS LOADING RATE AND N/P RATIO ON THE PERFORMANCE OF 

A NOVEL MICROALGAL-BACTERIAL MEMBRANE PHOTOBIOREACTOR 

Meijia Zhang, Kam Tin Leung, Baoqiang Liao 

Biotechnology PhD Program, Lakehead University 

 

A lab-scale novel microalgal-bacterial membrane photobioreactor (ASB-MPBR) was developed to treat a 

synthetic municipal wastewater. The performance of the novel ASB-MPBR system under different nutrients 

(N and P) loading rates and N/P ratios were evaluated. Specifically, the biological performance and fouling 

characteristics were monitored and compared in terms of trans-membrane pressure (TMP), mixed liquor 

suspended solids (MLSS), chlorophyll concentration, chemical oxygen demand (COD) removal, total 

nitrogen (TN) removal, total phosphorus (TP) removal, particle size distribution (PSD) and microscopic 

morphology. The results showed that high and stable COD removal efficiencies were achieved during the 

whole operation period, which was not affected by the conditional variation. However, the nutrients (TN 

and TP) removal was significantly dependent on the nutrients loading rates and N/P ratios. 
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CAREBOTS, DEMENTIA CARE & RESPECT FOR CULTURAL DIVERSITY 

R. Tonkens1, 2  

 

1 Centre for Health Care Ethics, Lakehead University, Ontario, Canada 
2 Northern Ontario School of Medicine, Ontario, Canada 

 

BACKGROUND/OBJECTIVES: Indigenous Canadians are the fastest growing group of people with 

dementia in Canada (Petrasek MacDonald, Ward & Halseth 2018).  

This research project provides an examination of the potential ethical implications that the automation of 

dementia care may have for Indigenous populations in Canada. It aims to inform culturally sensitive and 

ethically responsible robotics research.   

METHOD: In light of recent data regarding the prevalence and causes of dementia in Indigenous 

populations in Canada, this research project critically engages with reasons advanced in favour of the 

development of robotic carers in the context of dementia (e.g. increasing prevalence of dementia, 

diminishing number of human care workers available, high costs of traditional modes of care, etc.). It asks 

whether the development and use of robotic carers is consistent with a proper understanding of, and 

respect for, the circumstances of Indigenous Canadians. For example, consideration for the following 

facts ought to influence the nature and scope of the development of carebots: (a) most of the risk factors 

contributing to the prevalence of dementia in Indigenous Canadians are modifiable, and thus dementia is 

often preventable; (b) the majority of Indigenous people say they prefer to remain outside of aged care 

facilities; (c) investing resources into medical robotics may mean that other, more pressing, concerns for 

Indigenous Canadians do not receive the resources that they need; and (d) because of (e.g.) location 

and/or socio-economic factors, many Indigenous Canadians may not be able to access such cutting-edge 

technology. 

CONCLUSION/IMPLICATION: The moral implications of the development of robots to care for 

people with dementia change in light of consideration for different groups, and their particular values and 

needs. Researchers and stakeholders ought to ensure that research and development of carebots in the 

context of dementia explicitly acknowledge and respect the values and cultural practices of Indigenous 

Canadians. 
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DRONE AS PERSONAL ASSISTANT IN AMBIENT ASSISTED LIVING SYSTEMS FOR THE 

ELDERLY 

Chandrasekhar Parisa, Sabah Mohamed 

Department of Computer Science, Lakehead University, Ontario, Canada 

BACKGROUND/OBJECTIVES: Unmanned Aerial Vehicle (UAV) simply called Drone is the recent 

hot research topic with many new inventions. Some of these inventions concentrate on how these drones 

can help in making life better, secure, and easier for the elderly. Some researches proposed the better 

daily activities and routines tracking drones based on the person’s voice recognition strategies and also 

the person whether lying on floor or not. This system concentrates on making note of the daily activities 

and sending summary to the respective caretaker for the better health care. Also, the drone is automated 

with patient/person health tracking if in case there is change in blood levels, the patient will get to be 

known by the drone and respective medication will be suggested.  

METHOD: In this system, IMU 9DOF (3-axis accelerometer, 3-axis gyroscope & 3-axis magnetometer) 

will be used, which ensure drone’s smooth movement, graceful motion, and trajectory tracking. Also, 

GPS and barometric sensor’s which makes the drone more efficient in autonomous mode. This Work 

aims in designing a drone using the Raspberry Pi 3B+, Sensors, which flies based on the user’s voice 

control (like a Google assistant) and as well as mild decision making by providing some deep learning 

algorithms.  

MINDMAP: Mindmap shows the overview of the system components used while implementation and 

respective features it may include. 

   

CONCLUSION: There is a lot of research going on the usage of drones in Ambient Assisted Living 

(AAL) technology and many researchers proposed projects on drones for Elderly daily activities and 

routines tracking, this work concentrates on how drone can be used as a personal assistant to the elderly. 

In the future, this drone can be enhanced with some more features like adding decision making, helping 

the elderly people who have mild cognitive abilities. 
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HUMAN SENTIMENT EXTRACTION USING CNN MODEL 

Chandrasekhar Parisa, Thangarajah Akilan 

Department of Computer Science, Lakehead University, Ontario, Canada 

 

BACKGROUND/OBJECTIVES: Humans are biologically more sensitive in terms of emotions and the 

surrounding events compared to any other specious in the animal kingdom. Various scientific frameworks 

have emerged to explain the human emotions as difference in our neurological makeup and brain difference. 

Modern techniques exploit the power of computational linguistic to analyze the emotional state of humans 

when they are exposed to certain events based on their reviews, opinions, and expression. It combines 

various areas of study, such as data analysis, natural language processing, and text mining. It has become 

an emerging intelligent tool in healthcare that help physicians in understanding and improving patient 

health. 

METHOD: This study focusses on an automatic methodology to estimate the state of human emotions 

based on their written reviews.  Specifically, it evaluates human sentiment subjective to a movie based on 

their text comments using Convolutional Neural Network (CNN). The model utilizes two 1D-convolution 

(Conv) layers and two dense layers. The Conv layers use ReLU activations followed by Max Pooling 

operations. The first dense layer employs ReLU activation, while the last dense layer uses Softmax 

activation as a multi-class classifier. The model is trained on the benchmark Rotten Tomatoes train dataset 

with Term Frequency–Inverse Document Frequency (TF-IDF) feature and sparse categorical cross entropy 

objective function.  

RESULTS: This model achieves accuracy of 51.9% on the test set. 

CONCLUSION/IMPLICATION: This paper explores an implementation of a scalable and robust deep 

learning model, specifically a CNN for the problem of text-based human sentiment analysis. Through, 

empirical approach a best model is derived that achieves competitive results. The current model can be 

further improved by adding feature fusion layers and hyper parameter tuning. 
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AN INVESTIGATION OF VARIOUS STRETCHING TECHNIQUES ON HAMSTRING 

FLEXIBILITY IN HEALTHCARE STUDENTS 

Alysha Duivesteyn, Dr. Paolo Sanzo 

Lakehead University, Ontario, Canada 

BACKGROUND/OBJECTIVES: Healthcare professionals have an increased risk of developing 

musculoskeletal disorders due to the nature of their work. These disorders can negatively impact quality 

of life and are associated with joint stiffness, muscle tightness, and numbness. Stretching exercises have 

been proposed to improve flexibility, which may help reduce the risk of developing musculoskeletal 

overuse injuries. Limited research exists regarding stretching techniques and hamstring flexibility. The 

purpose was to investigate the effect of four different stretching techniques (dynamic, autogenic inhibition 

(AI), reciprocal inhibition (RI), and static) on hamstring flexibility in Kinesiology and Nursing students 

measured using the Sit and Reach Test. 

METHOD: Purposive sampling recruited Nursing and Kinesiology students who were randomly 

assigned to stretching groups. After a brief warmup, pre-hamstring flexibility was measured with the Sit 

and Reach Test (centimeters). Groups completed one hamstring stretch with three sets. For AI and RI 

tests, 10% of the participant’s maximum knee extension force (measured with a Lafayette Manual Muscle 

Tester) was applied for 6-seconds, followed by a 2-minute rest period. Post-hamstring flexibility was 

measured. A one-way ANOVA with a significance level of p<.05 was used for analysis.  

RESULTS:  Thirty-six individuals participated (12 male, 24 female; aged M=22.08 years, SD=2.37; 

height M=171.24, SD=9.53; mass M=77.24 kg, SD=18.37). No significant difference was found between 

change scores.   

 

Figure 1. Change Scores for Sit and Reach Test. This represents mean hamstring flexibility change 

scores. 1 refers to static stretching, 2 refers to dynamic stretching, 3 indicates AI, and 4 represents RI. 

CONCLUSION/IMPLICATION: The Sit and Reach Test revealed no significant change score 

differences between the stretching groups. The overall results revealed that all stretching techniques 

produced a change in flexibility suggesting that stretching can help improve hamstring flexibility. Future 

research could explore the effects of stretching programs over a longer duration and muscle activation 

with electromyography. 
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SIMULATING THE EFFECTIVENESS OF FOOTBALL COLLARS AT REDUCING HEAD 

DISPLACEMENT AND LINEAR ACCELERATION FOLLOWING DIRECT HEAD IMPACT 

Andrea Huck, Lucas Hudson, Jessica Korchak 

Lakehead University, Ontario, Canada 

BACKGROUND/OBJECTIVES: High impact and collision sports such as football, hockey, and rugby 

often result in injury to the head or neck. Specifically, one of the most common injuries in football are 

brachial plexus nerve stretches, colloquially known as stingers. Equipment such as protective neck collars 

are worn by players to decrease the risk of stingers and prevent re-injury. Yet, the literature lacks 

information on the extent to what theses neck collars mitigate head injury risks.   

METHOD: Based on previous literature and concerns, this study examined the effectiveness of adding a 

football collar to a player’s equipment, regarding head displacement, linear acceleration, and Head Injury 

Criteria (HIC) following a simulated direct head impact from different locations. The collar testing 

conditions were, no collar, the Kato Collar, the Kerr Collar, and the Douglas Butterfly. As a control, the 

no collar condition was used.  

RESULTS: The results revealed that the Kato Collar performed best at significantly reducing linear head 

displacement compared with other testing conditions across all impact locations. The Kato Collar and 

Douglas Butterfly Restrictor performed comparably when examining linear head acceleration. Results 

also revealed that the Douglas Butterfly Restrictor most significantly reduced HIC across all impact all 

locations.  

 

Figure 1. Mean values of head acceleration  

compared to No Collar control  

Figure 2. Mean values of head displacement 

for each collar at 5m/s  

CONCLUSION/IMPLICATION: In conclusion, the results seem to indicate that some football neck 

collars show a significant reduction in linear acceleration, linear displacement of the head, and HIC 

regardless of testing condition when compared to the no collar condition. For example, the Kato Collar 

produced the most significant results in the reducing linear displacement. Where the Douglas Butterfly 

Restrictor produced the most significant results in the reducing linear acceleration and HIC. This study 

builds on the research work of Rowson et al. (2008) and Ledonio (2018). It also provides coaches, 

players, and other healthcare professionals with important information and an avenue to reduce the risk of 

football related injuries to the head and neck including stingers. 
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SYNTHESIS AND EVALUATION OF PROTEASE-ACTIVATED RECEPTOR 2 ANTAGONIST 

AZ3451 

 

Malikah Haq, Dr. Jinqiang Hou 

1Thunder Bay Regional Health Research Institute, Ontario, Canada 

 

The research goal is to develop imaging agents for Positron Emission Tomography (PET). We want to 

use these imaging agents for targeted cancer diagnostics, with a focus on the development of Fluorine-18 

labeled chemical quantities. PET imaging is a nuclear medicine functional imaging technique that is used 

to observe metabolic processes in the body as an aid to the diagnosis of disease. The system has a huge 

potential in the medical field as it is a non-invasive method and is believed to hold the promise of 

personalized medicine, playing a significant role in choosing the right treatment for an individual patient, 

guiding targeted therapies and developing and optimizing new therapeutics. Protease activated receptors 

(PARs) are a family of G-protein-coupled receptors that are irreversibly activated by proteolytic cleavage 

of the N terminus. This cleavage unmasks the tethered peptide ligand that binds and activates the 

transmembrane receptor domain. PARs are implicated in a wide range of diseases, such as cancer and 

inflammation. PARs have been the subject of major research efforts, however, the discovery of small 

molecule antagonists that effectively bind them has proven to be challenging. We focused our research on 

an antagonist for PAR2. The antagonist chosen to synthesize was AZ3451. This antagonist binds to a 

remote allosteric site outside the helical bundle. Once synthesis of the antagonist is completed, Dr. 

Rammachandran of Western University will perform biological evaluation in vitro on this specific 

compound. We would then begin the process of radiolabelling the compound. We’d also like to perform 

PET imaging studies using a mouse model of human disease to evaluate the radiolabelled molecules in 

vivo. And so eventually we’d like to use this ligand as an imaging agent for use in PET, to facilitate a 

novel non-invasive method used to aid in the diagnosis of disease.  
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TRANSCRIPTION FACTOR GrbHLH1 REGULATES GENTIOPICROSIDE BIOSYNTHESIS 

IN GENTIANA RIGESCENS# 

Xiaodong Zhang1, Caixia Li1, Wensheng Qin2, Yuanzhong Wang3 

1College of Chemistry Biology and Environment, Yuxi Normal University, Yuxi 653100, Yunnan, China 
2Department of Biology, Lakehead University, Thunder Bay, Ontario P7B5E1, Canada 

3Institute of Medicinal Plants, Yunnan Academy of Agricultural Sciences, Kunming 650200, Yunnan, 

China 

BACKGROUND/OBJECTIVES: Gentiana rigescens is a genuine medicinal herb in Yunnan Province, 

China. The main active ingredient of G. rigescens is gentiopicroside which has functions of protecting 

liver, strengthening stomach, promoting gallbladder, anti-inflammation, lowering blood pressure, 

enhancing immunity, and anti-pathogen. In production of G. rigescens, there are two main problems: low 

content of gentiopicroside and continuous cropping barrier. Previous studies have shown that 

gentiopicroside, belonging to iridoid monoterpenoid, is synthesized through the iridoid pathway. 

However, the regulatory mechanism of gentiopicroside biosynthesis is unknown. 

METHOD: To elucidate the regulatory mechanism of gentiopicroside biosynthesis, the transcriptomes of 

G. rigescens roots and leaves at flowering (Z) and growing (G) stages were sequenced by illumine 

Hiseq2000, and then the transcription factor CrBIS1 which regulates the iridoid pathway in Catharanthus 

roseus was compared with our transcriptomes to obtain the homologous bHLH. Coexpression analysis 

between our GrbHLH1 and iridoid pathway genes was performed and was also verified by qPCR and 

promoter analysis with PlantCARE software. 

RESULTS: Then the GrbHLH1 gene was cloned and sequenced. The alignment results showed that 

GrbHLH1 belongs to IVa-type bHLH (Fig. 1), and was in the same evolutionary branch with CrBIS1 and 

CrBIS2 regulating iridoid pathway in C. roseus and was co-expressed with iridoid pathway genes in G. 

rigescens (Fig. 2). The qPCR results further verified this conclusion. The promoters analyses showed that 

the expression of GrGES, GrIDO and GrDL7H genes are regulated by transcription factor GrbHLH1. 

CONCLUSION/IMPLICATION: These results suggest that GrbHLH1 is a regulator in gentiopicroside 

biosynthesis pathway. This study is of great significance to fundamentally solve the source of 

gentiopicroside and improve the yield of gentiopicroside. 

                         

Fig. 1 Phylogenetic analysis of GrbHLH1.          Fig. 2 Coexpression analysis of GrbHLH1. 

#: This project is supported by Project of Yunnan Provincial Science and Technology Department 

(2016FD113, 2017FH001-024) and China Scholarship Council (201908530057). 

https://hitsesbass.weebly.com/


  
 
 

44 

https://hitsesbass.weebly.com/ 

 

DEVELOPMENT OF LPA1 TARGETING SMALL MOLECULES FOR PET IMAGING OF 

PROSTATE CANCER 

 

Jonas Olsen, Jinqiang Hou,  

Department of Chemistry, Lakehead University, Thunder Bay, Canada  

Thunder Bay Regional Health Research Institute, Thunder Bay, Canada 

 

The imaging of prostate cancer presents some difficulties that are hard to overcome given the current 

modality of PET imaging, which relies heavily on the use of fluorodeoxyglucose FDG to image cancer. 

Images of a cancerous prostate using FDG are difficult to interpret due to a non-specific binding of tissues 

with high metabolic activity. Lysophosphatidic acid receptor 1 (LPA1) is a G-coupled protein receptor 

that is highly expressed in cancerous and precancerous prostate cells when compared to the surrounding 

healthy cells. This makes LPA1  an ideal candidate for a prostate cancer imaging agent, which would 

facilitate detection, diagnosis and guiding treatment. The synthesis of potential imaging agents derived 

from a potent LPA1 antagonist reported as a treatment for idiopathic lung fibrosis is currently underway. 

Once the molecule and several analogs are synthesized, they will be tested for binding affinity to the 

LPA1 receptor in a radioligand binding assay using a radiolabelled lysophosphatidic acid (LPA) molecule. 

Molecules with high binding affinity will be radiolabeled with 18F then tested in vitro with a small animal 

model of prostate cancer. 
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SYNTHESIS OF NOVEL DES MURAMYL PEPTIDE ANALOGUES AS POTENTIAL 

IMMUNOMODULATORS 

 

Pooja Singha, Marina Ulanovab, Zi-Hua Jianga 

 
a Department of Chemistry, Lakehead University, 955 Oliver Road, Thunder Bay, ON P7B 5E1, Canada 

b Medical Sciences Division, Northern Ontario School of Medicine, Lakehead University, 955 Oliver 

Road, Thunder Bay, ON P7B 5E1, Canada 

 

Innate (natural) immunity, is the first line of host defense against invading pathogens. However, recent 

studies have shown that the innate immunity system has a greater degree of specificity that enables it to 

discriminate efficiently between self and foreign entities. This discrimination relies, to a great extent, on 

pattern recognition receptors (PRRs), which include the Toll-like receptors (TLRs), NOD like receptors 

(NLRs). 

The innate immune response to PGN (Peptidoglycan), a cell wall component is largely mediated by NLRs 

such as NOD-2, which recognizes muramyl dipeptide (MDP). MDP is recognized by our immune system 

as pathogen-associated molecular pattern (PAMP) which results in immune responses with adverse toxic 

effects. In order to harness the beneficial properties from the pro-inflammatory characteristics of this 

bacterial cell wall motif, MDP was re-designed. The muramic acid was replaced with a hydrophilic arene 
by incorporating Tucaresol which is an immunostimulant. It is known to be important in the induction of 

immune response. Lipophilicity was achieved by introducing a modest aliphatic chain (addition of alkyl 

esters or an amide group) to assist cell membrane penetration.  

 

The synthesis of proposed Novel DMP analogues comprised of immunostimulating Tucaresol and 

aliphatic DMP has commenced. 

 

 

 

 

 

  

Tucaresol      DMP 
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THE EFFECT OF INNOVATED TPU HOCKEY HELMET PADDING PROTOTYPES ON THE 

MITIGATION OF LINEAR IMPACT ACCELERATION 

Kyle D. G. McGillivray1, Dr. Carlos Zerpa1, Dr. Meilan Liu2 

1Lakehead University School of Kinesiology, Ontario, Canada 
2Lakehead University Faculty of Engineering, Ontario, Canada 

 

BACKGROUND/OBJECTIVES: Despite advances in helmet technology, concussions in hockey 

continue to be a frequent occurrence.  Changes in helmet shape and design have led to improvements in 

mitigation of linear impact acceleration, but the materials used (Vinyl Nitrile and Expanded 

Polypropylene) have remained the same for decades.  The purposes of this study were to:  

1) Examine whether innovated thermoplastic polyurethane (TPU) lining inserts could decrease resultant 

linear acceleration from a horizontal impact.  

2) Determine which of the designs decreased peak resultant linear acceleration the most.  

METHOD: A pneumatic horizontal impactor was used to simulate impacts to the head.  Linear 

acceleration in three directions was measured by accelerometers inside the NOCSAE headform. Each 

padding prototype was tested at three locations (front, side and rear) and three speeds (2.6 m/s, 3.6 m/s 

and 4.2 m/s).  Three trials were performed to ensure stability in the data. The percent reduction in peak 

resultant linear acceleration for each TPU prototype was compared to no insert across three impact 

locations. 

RESULTS:  As shown in figures 1-3 below, the “straight 3” design consistently provided the greatest 

reduction in peak resultant linear acceleration with values ranging from 11%-38% based on impact speed 

and location. 

 

 

 

Figure 1. Percent reduction values for the front location. 
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Figure 2. Percent reduction values for the rear location. 

 

 

 

Figure 3. Percent reduction values for the rear location. 

  

CONCLUSION/IMPLICATION: The addition of TPU padding prototypes were able to reduce the 

resultant peak linear acceleration experienced by a NOCSAE headform by up to 38% (205 gs, to 126 gs).  

Such a decrease in acceleration experienced by the brain can make the difference of whether an athlete 

sustains a concussion or not while playing the sport.  The use of new materials such as TPU could open 

an avenue for advances in helmet technology and player safety. 
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POPULATION GENETICS AND STRUCTURAL ANALYSIS OF TASTE RECEPTOR 

PROTEINS RESPONSIBLE FOR THE DETECTION OF SWEET AND UMAMI TASTE IN 

HUMANS  

 

Kimberley Christopher, Wely Floriano  

Lakehead University, Ontario, Canada 

 

 

BACKGROUND/OBJECTIVES:  

The TAS1R family form heterodimers to detect sweet and umami taste. Variants on these receptors alter 

taste perception which affects diet and can lead to disease. In this study, the population genetics of the 

TAS1R family was completed using a minor allele frequency (maf) of 1% with the 1000 Genomes 

population and compared to the standard 5% minor allele frequency. Since all three genes of interest and 

are on chromosome 1 and interact with one another, the genetic linkage of the receptors was investigated 

with missense mutations complied in haplotype tables. In this study structural analysis was also performed 

on the taste receptors to investigate effects of single nucleotide polymorphisms. The purpose of this study 

was to determine if genetic linkage exists in the TAS1R family and how certain mutations affect the 

structural stability of the protein. 

 

METHOD:  

Genomic data was obtained from the 1000 Genomes project and analyzed using the Galaxy server. 

Protein analysis was done using the Yasara program.  

 

CONCLUSION/IMPLICATION: 

The total missense mutations identified on each gene at a 1% minor allele frequency was 9, 9 and 5 for 

TAS1R1, TAS1R2 and TAS1R3 respectively. In this study it was identified that TAS1R1 and TAS1R2 

are undergoing positive selection and TAS1R3 is undergoing neutral selection. No variation between 

populations or males and females was found at a maf of 1%. From haplotype analysis it was determined 

that GGCAGGCGG for TAS1R1, GAGTG and CAC for TAS1R2, and GGGGC for TAS1R3 are the 

predominant haplotypes. Significant genetic variance in the combined gene haplotypes compared to 

singular gene haplotypes suggest that variance in taste perception may not only be attributed to the 

presence or absence of single nucleotide polymorphisms but in how the mutations are inherited together. 
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