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Big advantages for 
small research labs

Dr. Dehne and his group created a software program called 
“PIPE” (Protein Interaction Prediction Engine) to discover 
the protein interactions based on their molecular structures. 
The program, which has achieved a high level of accuracy, 
was designed with HPCVL in mind and requires a massive 
amount of supercomputing resources to function. 

“The PIPE software was the first to scan the entire proteome 
of yeast, a key model organism for human cell behaviour,” 
says Dr. Dehne. “Now we are using HPCVL’s resources 
to scan the entire human cell proteome, which is several 
orders of magnitude larger.” The resulting computational 
calculations, which allowed the software to be optimized to 
scale up to 6,400 concurrent computational threads, is the 
largest ever calculation of its type done at HPCVL and one 
of the largest in Canada.

The work of Dr. Dehne and others on this project will make 
a major contribution to the study of human pathogens, and 
once complete, the human proteome map will have valuable 
practical applications for biologists and medical researchers 
across the globe. HPCVL Executive Director Dr. Ken 
Edgecombe notes that the Lab is thrilled to be part of this 
groundbreaking work. “HPCVL is very pleased to be able to 
provide world-class computational resources for distinguished 
scientists such as Dr. Dehne,” he says. “We look forward to 
seeing how this important work will contribute to human 
health and medical discovery.”

THE	HUMAN	GENOME	PROJECT	HAS	GARNERED	 
its fair share of global attention, but very few have even 
heard of the Human Proteome Project (HPP). Canada has 
become a major player in the HPP through an innovative 
and complex undertaking led by Carleton University’s Dr. 
Frank Dehne and supported by HPCVL’s multi-threading 
capabilities. The project, which will provide a complete scan 
of the interactions between human proteins, offers valuable 
new insight into biological processes within cells and will 
help change the way we understand the human body in 
health and disease.

Protein interactions play an integral part in many biological 
intracellular processes, including the transport of nutrients 
and human response to external stimuli such as viruses. 
Understanding the nature of cellular protein interactions 
is essential for understanding the cell’s behaviour and the 
impact of pathogens such as H1N1 and HIV, which are 
known to create erratic protein interactions that result in 
illness. 

The primary challenge that has faced Dr. Dehne and his team 
has been the lack of computing power. On a basic laboratory 
computer, the process of mapping the interactions between 
all 250 million pairs of human proteins would take decades 
to complete. With the support of HPCVL’s resources, the 
entire project can be completed in a matter of months. 

Building the human proteome

HPCVL’s	multi-threading	capabilities	 
aid	researchers	in...
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SNOLAB helps unlock 
many mysteries of the universe

THE	HEAVY	WATER	MAY	BE	GONE	AND	THE	
original data on neutrinos collected - but the Sudbury 
Neutrino Observatory (SNO), the world’s deepest 
underground laboratory, is far from retirement. This 
world-class facility, a jewel among Canada’s scientific 
labs, has been expanded to create SNOLAB, 
providing an unparalleled experimental environment 
for students and scientists working to understand 
everything from dark matter and supernovae to the 
nature of the Big Bang. 

SNO, built within Canada’s Creighton Nickel Mine, 
was originally designed as an optimal environment 
to detect and measure the properties of neutrinos, 

elementary particles of matter with no electric charge 
and very little mass emitted by the sun. Hailed as one of 

the top ten scientific breakthroughs of 2001 by Science 
Magazine, SNO’s experiments have unlocked many 

mysteries of the universe, and provided valuable data to help 
scientists understand the sun and how it burns. 

“The data that we’ve collected over the years has been used in 
many ways to build new theories about our universe and new ideas 

for our world,” says Art McDonald, SNO’s Project Director. “Our 
strong confirmation of models for nuclear energy generation in the 

core of the sun, for example, helps efforts to develop new fusion energy 

Sudbury	Neutrino	Observatory	
takes	on	new	challenges
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SNOLAB helps unlock 
many mysteries of the universe

sources on Earth. Neutrinos are one of the basic building blocks of our universe and 
our observations of their properties are guiding modifications to the Standard Model 
of Elementary Particles at the most basic level.”

SNO has also fostered valuable collaborations with over a dozen institutions across the 
world and provided educational opportunities for hundreds of students across a range 
of disciplines, contributing to over 130 graduate theses and leading to new ideas in 
pure and applied science. 

But that’s just the beginning. SNOLAB, an expansion of the original facilities, has 
added another 5,000 square metres of ultra-clean laboratory space two kilometres 
underground to accommodate a wide range of major experiments in astrophysics 
and other related fields that require an environment with greatly reduced radioactive 
backgrounds. SNO itself is being converted to a next generation experiment named 
“SNO+” led by Queen’s Professor Mark Chen, this project features world-leading 
sensitivity for detecting neutrinos from the sun and the earth, as well as rare but very 
fundamental forms of radioactivity.

Over the years, SNO has relied on HPCVL’s resources to store and help analyze 
the vast amounts of data required for this type of work – and has recently begun 
transferring the full set of SNO data to HPCVL to act as a backup and accessible 
archive for ongoing analyses of the data. “HPCVL has provided a critical evolution 
of computing power to meet our needs,” says Dr. McDonald. “We are continuing 
to analyze the SNO data with ever- increasing accuracy. HPCVL has allowed us to 
remain at the frontier of physics –and the leading edge of discovery.”

Sudbury	Neutrino	Observatory	
takes	on	new	challenges

SNOLAB 
director 
awarded 
2010 
Killam Prize

Art McDonald, 

Physicist

Queen’s University Physics 

Professor and SNOLAB Project 

Director Art McDonald has been 

awarded a 2010 Killam Prize, 

one of Canada’s most distin-

guished awards for outstanding 

career achievements in health 

sciences, engineering, humani-

ties, natural sciences and social 

sciences. 

A world-renowned expert in 

nuclear and particle physics, Dr. 

McDonald returned to Canada 

from Princeton in 1989 to head 

up SNO and lead an interna-

tional team in the detection and 

analysis of neutrinos. 
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Big advantages for 
small research labs

HPCVL-OCBN	
collaboration	

provides	critical	
resources	for	

cancer	research

comprehensive and cost-effective solution 
than would be possible for any of these 
individual laboratories on their own.”

The most critical and challenging task for 
the HPCVL-OCBN collaboration was the 
deployment of the Synapseus Laboratory 
Information Management System (LIMS), 
a database application that helps track a 
lab’s biological samples, experiments and 
workflows while also allowing different labs 
to collaborate through common standard 
operating procedures and shared datasets. 
Labs are connected to the LIMS through 
a virtual private network with encrypted 
tunnels to ensure data transmission 
security. 

The system is already being used to manage 
a number of collaborative research projects, 
including a joint study between OCBN 
and Queen’s University on drug resistance 
in ovarian cancer and a pharmacogenomics 
program in pancreatic cancer involving 
OCBN and York University. Additional 
labs are planned to be connected over the 
next year, including facilities at the Toronto 
SickKids Hospital, the University Health 
Network, the National Cancer Institute 
of Canada’s Clinical Trials Group and the 
Ottawa Institute of Systems Biology.

IT	WAS	JUST	A	COUPLE	OF	YEARS	
ago that HPCVL signed a memorandum 
of understanding with the Ontario Cancer 
Biomarker Network (OCBN) to provide 
high performance computing resources 
for cancer scientists. Since that time, this 
important collaboration has continued 
to grow and thrive. Cancer researchers 
across the province are taking advantage of 
HPCVL’s comprehensive and cost-effective 
solutions to further discovery and advance 
the development of important cancer 
diagnostic tools.

The OCBN, a not for profit network of 
researchers dedicated to the discovery 
and development of cancer diagnostics 
and prognostic tools, consists of multiple 
genomics, proteomics, biobanking and 
clinical facilities that operate seamlessly 
under a single organizational umbrella. 
Many of the participating labs are small, 
so the network makes it more feasible 
to access high performance computing 
resources by sharing the costs of software 
systems and access.

“Our platform supports numerous 
genomics and proteomics facilities across 
Ontario involving dozens of investigators 
and clinicians,” says OCBN President 
and CEO Kenneth Evans. “HPCVL 
is providing them with a far more 
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Going DEAP to see  
beyond the stars

Examining	 
molecular	pathways	 
in	ovarian	tumours	 

may	improve	 
response	to	 
treatment

Dr. Jeremy Squire 

A cancer researcher examining molecular 
pathways in ovarian tumours is using 
HPCVL’s resources to manage the enormous 
amounts of data required to better 
understand this mysterious and often-missed 
cancer. Dr. Jeremy Squire, Kingston General 
Hospital’s first-ever Research Chair in 
Molecular Pathology, is comparing tumours 
and their resistance to chemotherapy, and 
hopes that his work may someday result in 
improved survival rates for this deadly and 
complex disease.

Ovarian cancer has an alarmingly high 
mortality rate of nearly 60%, resulting in over 
1,500 deaths in Canada annually. Known as 
the ‘cancer that whispers’, it is often missed or 
misdiagnosed because many women have no 
symptoms in early stages. Treatment is further 
complicated by the fact that some ovarian 
tumours become resistant to chemotherapy.

Dr. Squire is comparing tumours in an 
effort to better understand what makes 
some resistant to treatment while others 
respond well. By examining the molecular 
pathways that drive chemotherapy resistance, 
he believes that he can gain a better 
understanding of why they resist and how to 

‘re-set’ the pathways to make them respond 
to treatment. 

Dr. Squire accesses HPCVL’s resources 
through the Ontario Cancer Biomarker 
Network (OCBN) and takes an integrated 
approach to his work. “High performance 
computing allows us to examine a large 
amount of data at once, which makes it 
possible to observe interactions that we might 
not otherwise see,” he says. “Often, that’s 
where real discovery occurs.” Dr. Squire is 
comparing tissue from 40 tumours – 20 that 
reacted well to chemotherapy, and 20 with 
resistance to treatment. Each tumour has 
23,000 genes and each gene interacts with a 
number of molecular pathways within the 
body. 

For Dr. Squire, HPCVL supports not only 
his work with ovarian tumours, but also 
studies in osteosarcoma and other work in 
molecular and cellular biology. “The Virtual 
Lab’s speed and secure data storage are 
essential to my work,” he says. “It provides 
the support we need to synthesize the data to 
improve treatments and save lives.” 

Seeking a path to saving lives
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DR.	MARK	BOULAY	MAY	BE	VENTURING	DEEP	INTO	EARTH	TO	CONDUCT 
his research, but his focus is clearly not on this planet. Boulay, the Canada Research Chair 
in Particle Astrophysics at Queen’s University, is using the Sudbury Neutrino Observatory 
Laboratory (SNOLAB) to detect dark matter and hopefully discover a new particle fund-
amental to our understanding of physics.

Dark matter’s vague and ominous moniker is highly reflective of its nature. Mysterious and 
often unpredictable, it makes up a quarter of our universe, yet the scientific community 
understands very little about its composition and purpose. DEAP, a loosely-based acronym 
for Dark matter Experiment using Argon Pulse-shape discrimination, is a groundbreaking 
new project designed to detect and study dark matter through its interaction with normal, 

elementary matter and potentially discover a new particle critical to our knowledge of 
the universe.

Deep underground at SNOLAB, Dr. Boulay and a team of astrophysicists 
from across North America are building a dark matter detector filled 

with almost four tonnes of liquid argon and featuring an ultra low 
background to filter out other events that may affect the experiment. 
The particles they hope to detect will likely be weakly interacting  
but should scatter off the nuclei during collisions in the experiment. 

“The SNOLAB facility allows us to run the experiment in an 
environment that’s virtually free of cosmic rays and background 
radiation that can interfere with our observations,” says Dr. 
Boulay. “We expect only a handful of interactions each year, so 
it’s important to watch carefully and under the most optimal 

conditions.” HPCVL’s support of the project is also critical; the lab  
is allowing terabytes of data to be carefully stored and analyzed to 

detect the interactions.

The detector, which should be completed by the end of 2012, is expected 
to run for five years. In the meantime, a prototype detector containing 

roughly ten kilograms of liquid argon is currently being used as a test model. 
This prototype will give scientists time to tweak the experiment’s parameters in 

preparation for the actual project.

HPCVL’s	support	is	critical,	allowing	
terabytes	of	data	to	be	stored	and	
analyzed	to	detect	the	interactions

Going DEAP to see  
beyond the stars
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