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Daniel Drucker, Joel Habener, and Jens Holst, The Molecular Elements of Diabetes 
The characterization of glucagon-like peptides, has lead to major advances in the 
treatment of Type 2 diabetes, obesity, and intestinal disorders.

Elizabeth Eisenhauer, From the Lab Bench to the Hospital Bed
The ins and outs of taking an anti-cancer treatment from discovery in the lab to the 
medicine you give to the patient.

Yi Guan and Joseph Malik Peiris, Virus Trackers and Preventing Pandemics
The best pandemic response is to be prepared with constant surveillance, before the 
animal virues infect humans.

Mary-Claire King, Discovering the Breast Cancer Gene
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Activities and Discussion Questions for Classroom Use.  Aimed primarily at students in 
high school grades (note: not all activities are COVID-19 friendly)
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The Molecular Elements of Diabetes
Your body uses chemical messengers, 
called hormones, to maintain healthy 
levels of sugar in your blood.

But how does your body control 
insulin and glucagon to maintain 
healthy levels of sugar?

Using experiments in rodents and humans, the 
three scientists characterized two new gut 
hormones, called glucagon-like peptides (GLPs): 
GLP-1 and GLP-2.

They found that GLP-1 stimulates the release of 
insulin, helping normalize high levels of glucose, 
while GLP-2 acts as a gut growth factor and 
stimulates growth in the intestine

This led to major advances in the treatment 
of Type 2 diabetes, obesity and intestinal 
disorders. In recognition of their work, 
Drucker, Habener and Holst were awarded a 
Canada Gairdner International Award in 
2021.

Art by Armin Mortazavi and text by Farah Qaiser. October 2021 
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Insulin stimulates the cells in your body to take 
up glucose, so that it can be used as fuel. Glucagon 
does the opposite: it helps the body move glucose 
out of cells, raising the level of sugar in the blood.

This is what Drs Daniel Drucker, Joel 
Habener and Jens Holst have been 
investigating for over 30 years.
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(a type of sugar) from the bloodstream, so that it 
can be used as fuel. This results in a lower amount 
of glucose in your blood. Glucagon does the op-
posite: it helps the body move glucose out of cells, 
raising the level of sugar in the bloodstream.

Maintaining optimal levels of insulin and glucagon 
is critical for your health. For example, diabetes is 
the disease which occurs if your body can’t make 
enough insulin (Type I Diabetes) or isn’t able 
to use insulin well (Type II Diabetes). Without 
enough insulin, there will be too much sugar in 

The Molecular 
Elements of Diabetes

7KH�FKDUDFWHUL]DWLRQ�RI�JOXFDJRQĥOLNH�SHSWLGHV��
KDV�OHDG�WR�PDMRU�DGYDQFHV�LQ�WKH�WUHDWPHQW�RI�
7\SH���GLDEHWHV��REHVLW\�DQG�LQWHVWLQDO�GLVRUGHUV�

Written by Farah Qaiser
Art by Armin Mortazavi

October 2021

Every time you have a snack, your body’s diges-
tive system leaps into action. 

Digestion begins in your mouth, where your teeth, 
and the enzymes present in your saliva, break food 
down into smaller pieces. Next, food enters the 
esophagus, and is pushed towards your stomach, 
small intestine, and large intestine to undergo 
additional digestion. For example, your stomach’s 
enzymes and acidic environment will digest pro-
teins, while the large intestine will reabsorb water 
and process any waste. Various organs, including 
your liver, pancreas and gallbladder, will help with 
food digestion by releasing different enzymes and 
secretions, such as bile (a digestive juice which 
breaks down fats).

This is simply a snapshot of the complex process 
of digestion! Your body coordinates all of the 
different players involved using chemical messen-
gers, called hormones. Hormones travel to dif-
ferent parts of the body through the bloodstream, 
and tell cells what to do. They control many of 
the body’s important processes, including growth, 
metabolism and development.

The human body makes around 50 different hor-
mones, including insulin and glucagon. Both 
insulin and glucagon are produced by cells in the 
pancreas, and are critical for digestion. Insulin 
stimulates the cells in your body to take up glucose 
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GLP-1 and GLP-2.  In essence, proglucagon is 
broken down to three separate hormones: gluca-
gon, GLP-1 and GLP-2.

But what did these mystery glucagon-like mole-
cules do?

In the summer of 1984, Drucker joined as a re-
search fellow in Habener’s laboratory in Boston, 
Massachusetts. Drucker had completed medical 
school and hoped to pursue research related to the 
thyroid gland, but was instead assigned to work on 
the proglucagon gene, where he investigated how 
proglucagon was processed, and how GLP-1 acted 
on insulin-producing cells.

“I was pretty unhappy and feeling sorry for myself 
– that my dream of thyroid research had been sort 
of stopped in its tracks, but we know how this sto-
ry ends. It was serendipitously an amazing stroke 
of luck for me,” says Drucker, recalling the early 
days of his research.

A snapshot of GLP-1’s many functions

Through different experiments in rats, pigs and 
human cells, Holst, Drucker and Habener showed 
that when food is ingested, GLP-1 is released into 
the bloodstream, stimulating the release of insu-
lin, and suppressing glucagon. Additional studies 
showed that GLP-1 injections could help normal-
ize high levels of glucose in patients with Type II 
diabetes, offering enormous potential for therapeu-
tics.

But despite this exciting breakthrough, there was 
an issue: it only took 1.5 to 2 minutes for GLP-1 
levels to be halved in patients with diabetes. This 
meant that GLP-1 injections were disappointingly 
ineffective, due to the human body’s fast metabo-
lism. Why was GLP-1 being digested so quickly?

Using experiments in pigs, Holst and Dr. Carolyn 
Deacon found that GLP-1 was broken down by 
the enzyme dipeptidyl-peptidase-4 (DPP-4), and 
that blocking (inhibiting) DPP-4 could complete-
ly protect GLP-1. As a result, researchers have 
developed clinically useful oral DPP-4 inhibitors, 

your blood. This can cause damage to nerves, or-
gans and blood vessels, leading to complications, 
such as kidney and eye disease.

But how does your body control insulin and gluca-
gon to maintain healthy levels of sugar?

This is the question that Drs Daniel Drucker, Joel 
Habener and Jens Holst have been investigating 
for over 30 years. 

Exploring mysteries in the gut

In the 1970s, Holst was a surgical resident in 
Denmark. He curiously observed that after meals, 
many of his intestinal surgery patients were ex-
periencing spikes in insulin, resulting in a drop in 
blood sugar. This was a clue: perhaps there was 
another molecule involved in regulating the levels 
of blood sugar, in addition to glucagon and insulin.

“That was interesting to me,” says Holst. “It 
seemed to involve the gut.”

At the same time, researchers in Habener’s lab-
RUDWRU\�XVHG�SDQFUHDWLF�FHOOV�IURP�DQJOHU¿VK�WR�
show that glucagon – the hormone which helps the 
body move glucose out of cells – is produced from 
a larger precursor hormone, called proglucagon. 
Habener’s laboratory found that proglucagon con-
tained the sequences to produce glucagon, as well 
as two previously unknown hormones related to 
glucagon, called glucagon-like peptides (GLPs): 
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RIIHULQJ�QHZ�WUHDWPHQWV�IRU�GLDEHWHV��7KH�¿UVW�
DPP4 inhibitor (sitagliptin) was approved to treat 
Type II diabetes in 2006.

“The amazing thing about these pills is that they 
basically had no side effects. They didn’t even 
cause low blood sugar. You didn’t need to prick 
\RXU�¿QJHU�WR�FKHFN�\RXU�EORRG�VXJDU��7KDW�ZDV�D�
huge advance for people,” says Drucker.

By better understanding GLP-1, Habener, Drucker 
and Holst’s research also spurred the development 
of GLP-1 receptor agonists, basically molecules 
which could mimic the action of GLP-1, without 
having to worry about DPP-4 breaking it down 
TXLFNO\��,Q�������WKH�¿UVW�*/3���UHFHSWRU�DJRQLVW��
to be used twice daily, was approved for diabetes 
treatment, and helped prevent the level of blood 
sugar from rising too high. Today, there are GLP-1 
receptor agonists that only need to be used once a 
week.

Unravelling GLP2’s role in digestion

But what about GLP-2 – what does this gut hor-
mone do? 

This was what Drucker continued to investigate 
when he returned to Toronto in 1987. Using 
experiments in rodents, members of Drucker’s 
laboratory found that GLP-2 acts as a gut growth 
factor, stimulating intestinal growth and enhancing 

intestinal function. 

7KHVH�*/3���¿QGLQJV�LQ�DQLPDOV�ZHUH�H[WHQGHG�
to humans with short bowel syndrome, a disorder 
ZKHUH�ÀXLGV�DUH�SRRUO\�DEVRUEHG�LQ�WKH�VPDOO�LQ-
testine (usually due to surgical removal of parts of 
the intestine). In the early 2000s, Holst, Jeppesen 
and a group of researchers found that when hu-
mans with short bowel syndrome received GLP-2 
injections twice a day, the patients experienced 
increased nutrient absorption and weight gain over 
35 days. 

This critical breakthrough led to the launch of 
another drug development program, where clinical 
studies tested the effectiveness of teduglutide, a 
GLP-2 analogue (that is, a molecule with a simi-
lar structure as GLP-2), as a therapeutic. In 2012, 
teduglutide was approved for clinical use in the 
treatment of short bowel syndrome.

Understanding GLPs have led to many medical 
breakthroughs

This is simply a snapshot: Drucker, Habener and 
Holst’s characterization of GLPs have led to many 
major advances in the treatment of Type 2 diabe-
tes, obesity and intestinal disorders. In recognition 
of their work, Drucker, Habener and Holst were 
awarded a Canada Gairdner International Award in 
2021 – the same year which also happens to mark 
the 100th anniversary of the discovery of insulin.
So, what are Drucker, Habener and Holst doing 
today?

“Actually, I’m still working on exactly the same 
thing I was working on 30 years ago, because it’s 
EHHQ�D�UHDOO\�FRRO�VWRU\�DQG�,¶P�WU\LQJ�WR�¿JXUH�
out how it works and how to make it better,” says 
Drucker.

He points out that to “make a drug, you don’t real-
ly have to know how it works. You have to know 
if it works, and you have to know that it’s safe. 
We know the GLP-1 works really well, and [that] 
GLP-2 works really well [too]. We know their 
VDIHW\�SUR¿OH�WKDQNIXOO\��LW�ORRNV�DOO�JRRG��EXW�WKH�
UHDO�GHWDLO�VFLHQWL¿FDOO\�RI�KRZ�DOO�RI�WKHVH�DFWLRQV�
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happen, is largely still a mystery.”

Similarly, Holst continues to research gut hor-
mones today, especially their role in obesity and 
intestinal disorders. He has a simple message for 
budding young scientists.

“Have open eyes, and be curious,” says Holst. 
³2QFH�\RX�JHW�VRPHZKHUH��¿QG�VRPHWKLQJ��VWD\�RQ�
it, and continue to work hard. It will pay off.”
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From the Lab Bench to the Hospital Bed
Cancer is a very common disease. In fact, 1 in 2 
Canadians will develop cancer in their lifetime, 
and will need anti-cancer treatments.� These 
treatments have undergone extensive testing so 
that they can be effective, but many also have 
unwanted side effects.

Dr. Elizabeth Eisenhauer is a clinical scientist and 
an expert on how to best evaluate methods used to 
test treatments.� This might include just having 
great guidelines on which drug candidates are good 
for testing, as well as strategies and rules on how 
to test and when to stop testing a drug.

For instance, 
Eisenhauer 
recognized that 
not everything 
needs to be new 
to be better. 
With this 
insight, she has 
developed new 
standards of 
cancer 
treatment in 
Canada and 
around the 
world.� This has 
��&�5,���
millions of 
patients!

As a leader, she has brought together all sorts 
of different scientists together (basic and 
clinical), and also connected these researchers 
to policymakers.� This team building helps 
make better science and better laws that can 
%�#��, �+��,*��,%�&,+�%'*����5�!�&,��&��
safer for cancer patients.

Art by Armin Mortazavi and text by Zahra Sepehri. October 2021 
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Cancer is a disease 
where cells lose their 
ability to stop growing 
and dividing.� 
Consequently, this leads 
to masses of cells which 
are often called tumors. 
In medicine, there are 
two major types of 
cancers, solid forms in 
organs like brain 
cancer; and liquid forms 
like leukemias found in 
blood and lymph

Many scientists study how treatments work 
on cancer cells in controlled laboratory 
settings: We tend to call them "basic research 
scientists."� However, there are also scientists 
who take these lab discoveries and assess them 
on the cancer patients themselves. We tend to 
call these “clinical scientists”.
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trolled cell division can form masses or growths 
which are often called tumors. 

Here, there are two major types of tumors: solid 
and liquid��/LTXLG�WXPRUV�RFFXU�LQ�\RXU�ERGLO\�ÀX-
ids, such as blood, bone marrow, or lymph nodes. 
Both the bone marrow and your lymph nodes are 
active sites for immune cells to grow and devel-
op.  Consequently, liquid tumours that arise from 
these tissues constitute many of the cancers that 
we call leukemias.  Solid tumors tend to be more 
compacted together, and usually grow within tis-
sue.  Examples include tumours in the brain, skin, 
breast, and many other organs.  

Cancer and drugs

One common strategy for drugs that treat cancer is 
to take advantage of the disease’s core characteris-
tic. Because cancer cells grow and divide rapidly, 
this also means that they tend to be very active 
in securing nutrients and other things needed to 
maintain this level of growth.  Consequently, many 
cancer drugs are ultimately toxic in nature, and 
DGPLQLVWUDWLRQ�LV�D�EDODQFLQJ�DFW�LQ�¿JXULQJ�RXW�
delivery and dosage so that the difference between 
what a cancer cell and a normal cell takes up is the 
difference between being killed or staying alive. 
This is also why when treating tumours, it’s not 
uncommon for the patient to experience serious 

From the Lab Bench to 
the Hospital Bed.

7KH�LQV�DQG�RXWV�RI�WDNLQJ�DQ�DQWLĥFDQFHU�WUHDWĥ
ment from discovery in the lab to the medicine 
you give to the patient.

Written by Zahra Sepehri and David Ng
Art by Armin Mortazavi

October 2021

Millions of people from across the world, young 
and old, suffer from cancer.  In fact, during the 
time it takes for you to read this article (say about 
10 minutes), 4 more Canadians will have been 
diagnosed with this disease.  And part of the rea-
son for its ubiquity is because cancer is actually 
a disorder representing several hundred different 
diseases.  

At its essence, cancer happens because a cell has 
lost its ability to know when and where it needs 
to stop dividing. This can lead to abnormal cells 
that can live much longer, even to the point where 
they may become immortal, and also where they 
can grow and divide faster.  As a result, this uncon-
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very controlled scenarios.  For instance, this might 
be where experimental variables of individual cells 
can be closely studied by monitoring effects in pe-
tri plates. These scientists put their primary focus 
on the molecular workings of actively growing 
cancer cells, and are often referred to as basic re-
search scientists.  In many ways, their work may 
focus on the treatment, but more often than not, 
they also represent the active investigation of basic 
cell functions.   Other scientists, however, focus 
their attention on directly improving the quality 
of life for patients. They want patients to have 
longer and better lives, and perform experiments 
with patients to work out best practices in attaining 
that goal. These scientists are often referred to as 
clinical scientists. 

The two are both equally important because they 
play roles in the pathway for any new treatment, as 
it moves from discovery to being used by patients.  
Basic scientists, working in their lab environment, 
produce results that lay the foundation for clinical 
scientists to do their experiments where safety 
DQG�HI¿FDF\�FDQ�EH�H[SORUHG�LQ�WKH�SDWLHQW�VHWWLQJ���
,QGHHG��EHIRUH�EHLQJ�DSSURYHG�IRU�¿QDO�XVH��DQ\�
novel therapy needs to pass through a variety of 
different phases of clinical trials. 

Still, one of the challenges is coming up with 
guidelines to determine which therapies should 
progress from basic science discovery to clinical 

side effects: it’s a bit like they are being poisoned 
but in a very controlled fashion. 

To minimize side effects, research into how the 
drug is delivered is just as crucial as the mecha-
nism of the drug itself. Essentially, we want the 
drug to target the abnormal cells in a way that 
maximizes its positive effects, whilst minimizing 
harmful negative effects on the less active normal 
cells. Because of this, it is important to prescribe 
the treatment at the correct dose, at the right 
time, using the proper route of prescription, and 
for a suitable duration. All of these consider-
ations can allow us to better and more precisely 
deliver the drug against the tumour so that the 
drug’s HI¿FDF\ (how well it works) is optimized, 
while minimizing the toxic side effects (essential-
ly monitoring its VDIHW\). This is an area that many 
cancer scientists are working on, sometimes by 
doing tests on the cancer cells in petri plates but 
also sometimes by testing the drug on the cancer 
patients themselves.

6FLHQWLVWV�DQG�FOLQLFDO�WULDOV�IRU�QHZO\�GLVFRY-
ered targeted drugs 

In medical science, research is sometimes catego-
rized as the work of two major groups of scien-
tists. Some scientists do their work within a strict-
ly laboratory setting, working with cancer cells in 
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science testing.  At any given moment, there are 
very large numbers of basic scientists working in 
their labs, producing data and proposing new and 
different ways to treat a tumor.  Out of all of the 
proposed ways, who decides which discovery is 
worth being a candidate to be tested in clinical 
trials? 

Furthermore, these guidelines should not only 
provide direction on which novel therapies should 
be allowed to start clinical trials, but they should 
also dictate how trials need to be worked through, 
as well as when and why a clinical trial needs to 
terminate. In other words, it’s important to set 
boundaries for this clinical research, so that the 
patient’s quality of life is always considered above 
all else. 

Team building and optimization of treatments

This is where Dr. Elizabeth Eisenhauer came 
in.  Dr. Eisenhauer is a Professor Emerita in the 
Department of Oncology at Queen’s University 
and this year’s Canada Wightman Gairdner Award 
winner.  For over 30 years, she has made ground-
breaking contributions on how anti-cancer drugs 
are clinically evaluated.   

Reminiscing about her early career, she notes, 
“There was a certain amount of good luck in 
¿QGLQJ�DQ�H[FHOOHQW�PHQWRU�´�UHIHUULQJ�WR�KHU�FRO-
league Dr. Joseph Pater who in 1982 offered her a 
position in helping found the Investigational New 
Drug Program (IND)  of the then National Cancer 
Institute of Canada Clinical Trials Group.  From 
there, she oversaw the direction of the IND pro-
gram and has had many other leadership roles in 

WKH�¿HOG���,Q�DOO�WKRVH�\HDUV��VKH�KDV�WDFNOHG�FDQFHU�
from different aspects: treatment, supportive care, 
and prevention. 

As a leader, she saw the importance of bringing 
basic scientists and clinical researchers together, 
so that this collaborative approach could lead to 
better science. Actively connecting the two also 
allows for better administration of the research: for 
example, it can help funding organizations navi-
gate new partnerships that allow investments to be 
PRUH�VWUDWHJLF��¿OOLQJ�LQ�JDSV�LQ�WKH�ODQGVFDSH�RI�
cancer research. 

Dr. Eisenhauer also recognized the crucial task of 
connecting researchers to policymakers. This was 
especially important in her work around cancer 
prevention and tobacco, as the science itself is 
only as powerful as having government systems in 
place that can help society adopt healthier habits.  
Here, her work has led to the Tobacco Endgame 
for Canada, a collection of policy measures aimed 
at cutting the prevalence of tobacco use to less 
than 5% of the Canadian population by the end of 
2035.

Early on, Dr. Eisenhauer also recognized that not 
everything needs to be new to be better. Essen-
tially, there may be opportunities to optimize the 
HI¿FDF\�RI�H[LVWLQJ�GUXJV��E\�VLPSO\�UHHYDOXDWLQJ�
treatment approaches.  Furthermore, she saw the 
value in emphasizing patient input in this process. 
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In this manner, she showed that Taxol, already 
one of the most widely used cancer drugs in the 
world, could be administered in shorter and safer 
ZD\V�WR�PDLQWDLQ�HI¿FDF\�EXW�ZLWK�VLJQL¿FDQWO\�
fewer side effects. These methods are now interna-
tionally recognized as standard practice for Taxol 
WR�WKH�EHQH¿W�RI�PLOOLRQV���,Q�IDFW��KHU�H[SHUWLVH�
in clinical evaluation has coordinated more than 
170 different clinical trials on a diverse array of 
anti-cancer medications all across the world.  This 
in turn has been pivotal in establishing many new 
and effective treatments for ovarian, skin and brain 
cancers.

Overall, it’s clear why Dr. Elizabeth Einsenhauser 
has been awarded the prestigious 2021 Canada 
:LJKWPDQ�*DLUGQHU�$ZDUG���+HU�VFLHQWL¿F�OHDG-
ership and ability to bring different communities 
together has been responsible for fundamental, 
impactful and extraordinary contributions in how 
anti-cancer agents and clinical trial methodolo-
JLHV�DUH�HYDOXDWHG��$V�VKH�VD\V��WR�¿JKW�D�GLVHDVH�
as complex as cancer, “It is not just one part of 
science that has to progress, but all parts of it need 
WR�PRYH�SURJUHVVLYHO\�IRUZDUG�´�
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Virus Trackers and Preventing Pandemics
Many novel outbreaks 
are caused by zoonotic 
viruses.� These are 
viruses which start 
off in an animal host, 
but evolve to infect 
and spread among 
humans.� Examples 
!%�#,���!%3,�%1��
viruses that have 
caused the Spanish Flu, 
Swine Flu, and 
%,$�)&,*��-!�%�3,�
epidemics, and 
coronaviruses that 
have caused SARS, 
MERS, and COVID-19.

Dr. Peiris and Dr. Guan have been researching 
viruses for over 20 years. They have tracked 
!%3,�%1��*+)�!%*�!%��!)�*��'!�*�� ,$�%*���%��
other animals, to understand the evolution of 
zoonotic viruses and monitor their risk of 
causing pandemics in humans.

In 2003, Dr. Peiris did important work to 
�!*�&-�)�+ �+�+ ��2)*+��
���&,+�)��"�.�*�
caused by a coronavirus. And Dr. Guan played a 
crucial role in tracking the zoonotic disease to 
wild animal markets in Guangdong.

Overall, Dr. Guan and Dr. Peiris have helped 
)�*'&%��+&�%&-�#�!%3,�%1���%���&)&%�-!),*�
&,+�)��"*�+ )&,� &,+�+ �!)�*�!�%+!2����)��)*��
and their work continues to be crucial in helping 
the world prepare for future pandemics.

Art by Armin Mortazavi and text by Nicole Wang. October 2021 
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A pandemic is when a disease is so infectious that 
it can spread across a country or even globally.� The 
world has faced numerous viral pandemics 
throughout history.

Many viruses can 
mutate quickly. 
They can make 
mistakes when 
they replicate, or 
even swap genetic 
material with 
other strains if 
they infect the 
same cell. These 
changes can give 
zoonotic viruses 
new ways to 
infect humans 
and can also 
make it 
challenging for 
our immune 
systems to 
combat them.

Based on their 
contributions, a number 
of rules have been put in 
place that aim to help 
control the spread of 
zoonotic viruses.

12



cause common colds are “common,” and seasonal 
ÀXV�DUH�³VHDVRQDO�´�

2XU�ERGLHV�DUH�WUDLQHG�WR�¿JKW�YLUXVHV�LQ�D�YDULHW\�
RI�ZD\V��DQG�WKLV�LQFOXGHV�VSHFLDOL]HG�LPPXQH�
PHPRU\�FHOOV�WKDW�FDQ�UHPHPEHU�D�YLUXV�WKDW�
WKH\¶YH�HQFRXQWHUHG�EHIRUH��7KHVH�FHOOV�HVVHQWLDOO\�
DFW�DV�DQ�HDUO\�ZDUQLQJ�V\VWHP�VKRXOG�D�SHUVRQ�EH�
UH�LQIHFWHG�ZLWK�WKH�VDPH�YLUXV��RU�HYHQ�DQRWKHU�
YLUXV�WKDW�KDV�VWURQJ�VLPLODULWLHV���7KLV�LQ�WXUQ�OHDGV�
WR�D�PXFK�TXLFNHU�DQG�VWURQJHU�LPPXQH�UHVSRQVH�
WKDW�RIWHQ�UHVXOWV�LQ�PLOGHU��RU�HYHQ�QR�LQIHFWLRQ�

$GG�WR�WKLV��ZH�DOVR�KDYH�WKH�OX[XU\�RI�HIIHFWLYH�
ZD\V�WR�SUHGLFW�DQG�WKHUHIRUH�SUHSDUH�IRU�RXW-
EUHDNV�RI�WKHVH�FRPPRQ�YLUXVHV��)RU�LQVWDQFH��DV�
SDUW�RI�JOREDO�KHDOWK�LQLWLDWLYHV��VFLHQWLVWV�DURXQG�
WKH�ZRUOG�GLOLJHQWO\�WUDFN�WKH�VHDVRQDO�ÀX��ZKHUH�
LW�LV�VSUHDGLQJ�DQG�DOVR�ZKHWKHU�WKHUH�DUH�JHQHWLF�

Virus Trackers and 
Preventing Pandemics

The best pandemic response is to be prepared, 
before animal viruses infect humans

Written by Nicole Wang
Art by Armin Mortazavi

October 2021

,Q�WKH�\HDU�������WKH�WRSLF�RI�SDQGHPLFV��D�VFLHQWLI-
LF�WHUP�WKDW�GHVFULEHV�D�GLVHDVH�RXWEUHDN�RI�JOREDO�
SURSRUWLRQV��KDV�EHHQ�LQHVFDSDEOH��7KLV�LV�EHFDXVH�
WKH�ZRUOG�KDV�EHHQ��DQG�VWLOO�LV��GHDOLQJ�ZLWK�WKH�
DOO�HQFRPSDVVLQJ�HIIHFWV�RI�WKH�&29,'����SDQ-
GHPLF��

%XW�SDQGHPLFV�DUHQ¶W�D�QHZ�SKHQRPHQRQ�DQG�LW¶V�
HDV\�WR�IRUJHW�WKDW�WKH�ZRUOG�KDV�VHHQ�DQG�VXUYLYHG�
YLUDO�SDQGHPLFV�WKURXJKRXW�KLVWRU\��-XVW�ZLWKLQ�WKH�
ODVW����\HDUV��WKHUH�KDYH�EHHQ�SDQGHPLF�RXWEUHDNV�
RI�YLUXVHV�WKDW�FDXVHG�6HYHUH�$FXWH�5HVSLUDWRU\�
6\QGURPH��6$56��LQ�������WKH�+�1��6ZLQH�)OX�
LQ�������DQG�WKH�0LGGOH�(DVW�5HVSLUDWRU\�6\Q-
GURPH��0(56��LQ�������

+RZHYHU��\RX¶UH�DOVR�SUREDEO\�DZDUH�WKDW�EHLQJ�
LQIHFWHG�E\�YLUXVHV�LV�VRPHWKLQJ�WKDW�KDSSHQV�DOO�
WKH�WLPH��3HRSOH�UHJXODUO\�JHW�VLFN�IURP�FRPPRQ�
FROGV�RU�WKH�VHDVRQDO�ÀX��7KHVH�YLUXVHV�FDQ�PDNH�
\RX�LOO��EXW�GRQ¶W�VHHP�WR�FDXVH�GHYDVWDWLQJ�RXW-
EUHDNV��6R�ZKDW�PDNHV�D�YLUXV�OLNH�6$56�&R9����
WKH�RQH�UHVSRQVLEOH�IRU�WKH�&29,'����SDQGHPLF��
HVSHFLDOO\�GDQJHURXV"

Comfort in the familiar

7KH�SULPDU\�GLIIHUHQFH�EHWZHHQ�YLUXVHV�WKDW�FDXVH�
FRPPRQ�GLVHDVHV��DQG�WKRVH�WKDW�FDXVH�SDQGHPLFV�
ERLOV�GRZQ�WR�IDPLOLDULW\��,Q�HIIHFW��WKHUH�LV�D�EHQH-
¿W�WR�KDYLQJ�DOUHDG\�VHHQ�FHUWDLQ�LQIHFWLRQV��EH-
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QHHG�WR�RYHUFRPH�PDQ\�EDUULHUV�WR�LQIHFW�D�QHZ�
VSHFLHV��)RU�H[DPSOH��WKH�YLUXV�ZLOO�OLNHO\�QHHG�
PXWDWLRQV�WKDW������DOORZ�UHFRJQLWLRQ�RI�KXPDQ�
FHOOV������SURYLGH�VRPH�SURWHFWLRQ�DJDLQVW�WKH�
KXPDQ�LPPXQH�V\VWHP��DQG�����LQIHFW�LQ�ZD\V�WKDW�
DOORZ�HI¿FLHQW�VSUHDG�IURP�SHUVRQ�WR�SHUVRQ��

7KLV�LV�ZK\�WKH�³MXPS´�LV�PRUH�OLNHO\�WR�KDSSHQ�LQ�
VLWXDWLRQV�ZKHUH�SHRSOH�DUH�IUHTXHQWO\�H[SRVHG�WR�
LQIHFWHG�DQLPDOV���7KLV�FDQ�KDSSHQ��IRU�H[DPSOH��DW�
OLYH�DQLPDO�PDUNHWV��GXULQJ�OLYHVWRFN�WUDQVSRUWD-
WLRQ��RU�HYHQ�LQ�VLWXDWLRQV�ZKHUH�KDELWDW�ORVV�FDXVH�
ZLOGOLIH�WR�EH�IRUFHG�LQWR�QHZ�DUHDV��6XFK�HQYLURQ-
PHQWV�FRXOG�EH�WKH�XQZLWWLQJ�RULJLQ�SRLQWV�IRU�D�
SDQGHPLF�

$OWKRXJK�MXPSLQJ�IURP�DQ�DQLPDO�WR�D�KXPDQ�
KRVW�LV�UDUH��WKHVH�]RRQRWLF�YLUXVHV�DUH�SRWHQWLDOO\�
YHU\�GDQJHURXV�WR�JOREDO�KHDOWK��7KH\�DUH�JOREDOO\�
XQIDPLOLDU��%HFDXVH�RI�WKLV�WKUHDW��RQH�RI�WKH�EHVW�
ZD\V�WR�VWD\�SUHSDUHG�IRU�D�]RRQRWLF�YLUXV�LV�WR�
DWWHPSW�WR�WUDFN�LW�EHIRUH�LW�VSUHDGV�WR�KXPDQV�

Staying prepared and predicting pandemics

:KLOH�UHVHDUFK�FDQ¶W�SUHGLFW�H[DFWO\�ZKHQ�D�SDQ-
GHPLF�ZLOO�RFFXU��VWXGLHV�KDYH�VKRZQ�WKDW�\RX�FDQ�
SUHGLFW�ZKLFK�DQLPDO�YLUXVHV�DUH�WKH�PRVW�OLNHO\�WR�
FDXVH�QRYHO�GLVHDVH�RXWEUHDNV����+HUH���VFLHQWLVWV�

FKDQJHV�WKDW�FRXOG�EH�FDXVH�IRU�FRQFHUQ��8VLQJ�
WKLV�LQIRUPDWLRQ��WKH\�FDQ�SUHGLFW�ZKDW�WKH�QH[W�
YHUVLRQ�RI�WKH�ÀX�PLJKW�ORRN�OLNH��DQG�UHDG\�WKH�
SURGXFWLRQ�RI�XVHIXO�ÀX�YDFFLQHV���7KHVH�ÀX�VKRWV�
DUH�GHVLJQHG�WR�SURDFWLYHO\�WULJJHU�WKRVH�PHPRU\�
FHOOV�WKDW�FDQ�SURYLGH�SURWHFWLRQ�EHIRUH�WKH�VHDVRQ-
DO�ÀX�DFWXDOO\�FRPHV�WR�WRZQ��

8OWLPDWHO\��ZH�DUH�OHVV�FRQFHUQHG�ZLWK�WKHVH�FRP-
PRQ�YLUXVHV�EHFDXVH�RXU�LPPXQH�V\VWHPV�KDYH�
VHHQ�WKHP�EHIRUH��HLWKHU�E\�ZD\�RI�SDVW�LQIHFWLRQV��
RU�WKURXJK�SURDFWLYH�YDFFLQH�LQLWLDWLYHV���7KLV�ID-
PLOLDULW\�PHDQV�WKDW�UDSLG�UDWHV�RI�LQIHFWLRQV�WHQG�
QRW�WR�RFFXU�PDNLQJ�WKHP�OHVV�RI�D�WKUHDW�WR�JOREDO�
KHDOWK��

The hidden threat of zoonotic viruses

0HDQZKLOH��XQIDPLOLDU�RU�QRYHO�YLUXVHV�DUH�D�FRP-
SOHWHO\�GLIIHUHQW�EHDVW���,I�D�YLUXV�LV�QHZ�WR�KXPDQ�
VRFLHW\��WKH\�FDQ�HQWHU�RXU�ERGLHV��FDXVH�VLFNQHVV��
DQG�VSUHDG�TXLFNO\��DOO�EHIRUH�RXU�LPPXQH�V\VWHPV�
HYHQ�KDYH�D�FKDQFH�WR�SURSHUO\�UHDFW���7KLV�LV�XVX-
DOO\�KRZ�D�SDQGHPLF�PLJKW�VWDUW��HVVHQWLDOO\��WKH�
ZRUOG�LV�LPPXQRORJLFDOO\�QDLYH�WR�WKH�GLVHDVH���,W¶V�
DOVR�LPSRUWDQW�WR�QRWH�WKDW�VRPH�RI�WKHVH�SDQGHP-
LF�YLUXVHV�PD\�EH�QR�GHDGOLHU�WKDQ�WKH�FRPPRQ�
YLUXVHV��EXW�ZLWKRXW�WKH�SURWHFWLRQ�RI�LPPXQRORJL-
FDO�PHPRU\��ZH�HQG�XS�IDFLQJ�WKH�IXOO�IRUFH�RI�WKH�
YLUXV�DQG�KLJKHU�UDWHV�RI�LQIHFWLRQ��7KH�YLUXV�FDQ�
WKHUHIRUH�VSUHDG�UDSLGO\�ZLWKLQ�D�SRSXODWLRQ�DQG�
EH\RQG��VRPHWLPHV�WR�GHYDVWDWLQJ�HIIHFWV��

0DQ\�RI�WKHVH�YLUXVHV�DUH�]RRQRWLF��PHDQLQJ�WKDW�
WKH\�ZHUH�RULJLQDOO\�RQO\�DEOH�WR�LQIHFW�FHUWDLQ�
DQLPDOV��EXW�RYHU�WLPH�KDYH�HYROYHG�WKH�DELOLW\�
WR�LQIHFW�RU�³MXPS´�WR�KXPDQV��7KLV�FDQ�KDSSHQ�
EHFDXVH�ZKHQ�YLUXVHV�PDNH�FRSLHV�RI�WKHPVHOYHV��
WKH�UHSOLFDWLRQ�RI�WKHLU�JHQHWLF�FRGH�FDQ�UHVXOW�LQ�
PLVWDNHV��VPDOO�FRS\LQJ�HUURUV�RU�HYHQ�GUDVWLF�
VZDSSLQJ�RI�JHQHWLF�PDWHULDO��OHDGLQJ�WR�UDQGRP�
FKDQJHV�FDOOHG�PXWDWLRQV���$OWKRXJK�WKHVH�FKDQJHV�
DUH�XVXDOO\�LQFRQVHTXHQWLDO�RU�HYHQ�KDUPIXO�WR�WKH�
YLUXV��VRPH�PXWDWLRQV�PLJKW�JLYH�D�YLUXV�DQ�HGJH�
WR�FDXVH�GLVHDVH�

/XFNLO\��RQO\�D�YHU\�PLQLVFXOH�SURSRUWLRQ�RI�DQL-
PDO�YLUXVHV�ZLOO�HYROYH�WR�LQIHFW�KXPDQV��DV�WKH\�
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'U��-RVHSK�0DOLN�3HLULV�DQG�'U� <L Guan��ZLQQHUV� 
RI�WKH������-RKQ�'LUNV�&DQDGD�*DLUGQHU�*OREDO� 
+HDOWK�$ZDUG��KDYH�GRQH�SLYRWDO�ZRUN�RQ�WKLV�W\SH� 
RI�VXUYHLOODQFH���7KH\�KDYH�EHHQ�FROODERUDWLQJ� 
VLQFH�WKH������+�1��DYLDQ�ÀX�RXWEUHDN�LQ�+RQJ� 
.RQJ��FDXVHG�E\�DQ�LQÀXHQ]D�YLUXV���DQG�FRQWLQXH� 
WR�EH�H[WUHPHO\�LQYROYHG�LQ�LQWHUQDWLRQDO�HIIRUWV�WR� 
WUDFN�YLUXVHV�LQ�DQLPDOV��

,Q�WKLV�FDVH��SRWHQWLDO�KRVWV�VXFK�DV�ZLOG�ELUGV�� 
FKLFNHQV��SLJV��DQG�KXPDQV�DUH�URXWLQHO\�VDPSOHG� 
IRU�LQÀXHQ]D�YLUXVHV���7KLV�VDPSOLQJ�DOORZV�VFLHQ-
WLVWV�WR�WUDFN�PXWDWLRQV�LQ�WKH�JHQHWLF�VHTXHQFHV�RI� 
WKHVH�YLUXVHV���7KH\�PRQLWRU�ZKHWKHU�WKHVH�YLUXVHV� 
KDYH�MXPSHG�EHWZHHQ�GLIIHUHQW�DQLPDO�KRVWV�LQ�WKH� 
SDVW��DV�ZHOO�DV�HYDOXDWH�ZKHWKHU�WKH\�FDQ�FDXVH� 
GLVHDVH��$OO�RI�WKHVH�FRQVLGHUDWLRQV�KHOS�WR�SUHGLFW� 
ZKHWKHU�WKHVH�YLUXVHV�PLJKW�SRVH�D�WKUHDW�WR�KX-
PDQ�KHDOWK��2YHU�WLPH��WKLV�GDWD�KDV�DOVR�DOORZHG� 
VFLHQWLVWV�WR�XQGHUVWDQG�WKH�HYROXWLRQ�RI�]RRQRWLF� 
YLUXVHV�LQ�WKHLU�QDWXUDO�KRVWV��DQG�¿JXUH�RXW�NH\� 
PXWDWLRQV�LPSRUWDQW�IRU�WKHLU�MXPS�IURP�DQLPDOV� 
WR�KXPDQV��

%DVHG�RQ�WKHLU�VWXGLHV��'U��*XDQ�DQG�'U��3HLULV� 
KDYH�SURYLGHG�ZDUQLQJV�DERXW�DYLDQ�ÀX�VXEW\SHV� 
WKDW�KDYH�WKH�SRWHQWLDO�WR�FDXVH�SDQGHPLFV�LQ�KX-
PDQV��$QG�LQ�RUGHU�WR�SURWHFW�DJDLQVW�WKHVH�WKUHDWV�� 
WKH\�KDYH�SXEOLVKHG�PDQ\�SURWRFROV�RQ�SDQGHPLF� 
SUHSDUHGQHVV�DQG�KDYH�VXJJHVWHG�ZD\V�WR�SUHYHQW� 
WKH�VSUHDG�RI�]RRQRWLF�LQÀXHQ]D�YLUXVHV��LQFOXGLQJ� 
PHDVXUHV�WR�FORVH�OLYH�DQLPDO�PDUNHWV��DV�ZHOO�DV� 
GHYHORS�VWUDWHJLHV�WR�TXLFNO\�SURGXFH�YDFFLQHV�IRU� 
KLJK�ULVN�LQÀXHQ]D�VWUDLQV��

Virologists in action: How to deal with novel 
outbreaks

:KHQ�D�QRYHO�RXWEUHDN�RFFXUV��WKHUH�DUH�D�QXP-
EHU�RI�NH\�REMHFWLYHV�WR�ZRUN�WRZDUGV���)LUVW��LW¶V� 
LPSRUWDQW�WR�¿JXUH�RXW�WKH�VRXUFH��IRU�LQVWDQFH�WKH� 
DQLPDO�RI�RULJLQ�LQ�]RRQRWLF�FDVHV��WR�SUHYHQW�LW� 
IURP�IXUWKHU�LQIHFWLQJ�QHZ�SHRSOH��6HFRQG��WKHUH� 
QHHGV�WR�EH�DQ�HIIHFWLYH�ZD\�WR�GLDJQRVH�DQG�WUDFN� 
WKH�GLVHDVH�LQ�KXPDQV�VR�WKDW�VSUHDG�FDQ�EH�PRQL-
WRUHG��$QG�RI�FRXUVH��LQ�RUGHU�WR�WUHDW�WKH�GLVHDVH�� 
ZRUN�QHHGV�WR�EH�GRQH�WR�XQGHUVWDQG�KRZ�WKH�YLUXV� 
LQWHUDFWV�ZLWK�DQG�DIIHFWV�KXPDQ�FHOOV�

,Q�ODWH�������D�QRYHO�YLUDO�RXWEUHDN�DSSHDUHG�LQ�
*XDQJGRQJ��&KLQD��DQG�VWDUWHG�WR�VSUHDG�ZRUOG-
ZLGH��'XH�WR�WKHLU�H[SHULHQFH�WUDFNLQJ�]RRQRWLF�
LQÀXHQ]D�YLUXVHV��'U��*XDQ�DQG�'U��3HLULV�LP-
PHGLDWHO\�JRW�WR�ZRUN��LQLWLDOO\�WKLQNLQJ�WKDW�WKLV�
P\VWHULRXV�GLVHDVH�PLJKW�EH�FDXVHG�E\�DQ�LQÀX-
HQ]D�VWUDLQ��+RZHYHU��WKHLU�UHVHDUFK�JURXSV�VRRQ�
UHDOL]HG�WKLV�ZDV�QRW�WKH�FDVH�DQG�EHFDPH�WKH�¿UVW�
WR�LGHQWLI\�WKDW�WKH�QHZ�LQIHFWLRXV�GLVHDVH��NQRZQ�
DV�6$56��ZDV�DFWXDOO\�FDXVHG�E\�D�FRURQDYLUXV�
FDOOHG�6$56�&R9��

'U��*XDQ¶V�WHDP�ZDV�WKH�¿UVW�WR�LVRODWH�WKH�FRUR-
QDYLUXV�IURP�ZLOG�DQLPDO�PDUNHWV�LQ�*XDQJGRQJ��
&KLQD��VKRZLQJ�WKDW�LW�ZDV�D�]RRQRWLF�YLUXV�DV�
ZHOO�DV�WKH�LPSRUWDQFH�RI�FORVLQJ�DQLPDO�PDUNHWV��
0HDQZKLOH��'U��3HLULV¶V�WHDP�GHYHORSHG�WHVWV�WKDW�
FRXOG�TXLFNO\�DQG�QRQ�LQYDVLYHO\�GHWHFW�WKH�YLUXV�
LQ�SDWLHQW�VDPSOHV��DQG�EHJDQ�ZRUN�WR�XQFRYHU�
KRZ�6$56�&R9�ZDV�FDXVLQJ�GLVHDVH��7KH�ZRUN�
RI�WKHVH�WZR�VFLHQWLVWV�ZDV�FULWLFDO�IRU�WKH�HDUO\�GL-
DJQRVLV�RI�6$56��KHOSLQJ�GRFWRUV�HIIHFWLYHO\�WUHDW�
SDWLHQWV��DQG�KHOSLQJ�SXEOLF�KHDOWK�DJHQFLHV�DQG�
WKH�VFLHQWL¿F�FRPPXQLW\�WR�WUDFN�WKH�VSUHDG�DQG�
HYROXWLRQ�RI�WKH�GLVHDVH�ZRUOGZLGH��7KHLU�ZRUN�
JUHDWO\�FRQWULEXWHG�WR�WKH�HUDGLFDWLRQ�RI�WKH�6$56�
SDQGHPLF��WR�WKH�SRLQW�ZKHUH�WKH�RXWEUHDN�ZDV�
XOWLPDWHO\�FRQWUROOHG�E\�WHVWLQJ�DQG�LVRODWLQJ�WKRVH�
ZKR�ZHUH�VLFN��EHIRUH�D�YDFFLQH�ZDV�HYHQ�QHHGHG�
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,Q�DGGLWLRQ�WR�ZRUNLQJ�ZLWK�6$56��'U��3HLULV�DQG�
'U��*XDQ�KDYH�DOVR�FRQWULEXWHG�WR�UHVHDUFK�RQ�
VXEVHTXHQW�FRURQDYLUXV�SDQGHPLFV��0(56�DQG�
&RYLG�����7KH\�DOVR�UHPDLQ�YHU\�DFWLYH�LQ�WUDFNLQJ�
LQÀXHQ]D�YLUXVHV�LQ�DQLPDOV��HVSHFLDOO\�WKRVH�ZLWK�
D�KLJK�SDQGHPLF�ULVN��

Importance of global collaboration

'U��3HLULV�ORRNV�EDFN�IRQGO\�DW�WKH�PHPRULHV�DQG�
FROODERUDWLYH�UHODWLRQVKLSV�KH�GHYHORSHG�WKURXJK-
RXW�KLV�FDUHHU��+H�DOVR�FUHGLWV�WKH�UDSLG�GH�HV-
FDODWLRQ�DQG�FRQWURO�RI�WKH�6$56�SDQGHPLF�WR�
WKH�JOREDO�HIIRUW�RUJDQL]HG�E\�WKH�:RUOG�+HDOWK�
2UJDQL]DWLRQ��ZKR�KRVWHG�GDLO\�PHHWLQJV�EHWZHHQ�
VFLHQWLVWV�DURXQG�WKH�ZRUOG�WR�GLVFXVV�QHZ�K\SRWK-
HVHV��GDWD��DQG�FKDOOHQJHV��³,�GRQ¶W�WKLQN�ZH�ZRXOG�
KDYH�EHHQ�DEOH�WR�UHVROYH�WKLV�IDLUO\�TXLFNO\��LI�QRW�
IRU�WKLV�GDLO\�VKDULQJ�RI�LQIRUPDWLRQ�´�'U��3HLULV�
UHFDOOV��

2YHUDOO��WKH�UHVHDUFK�RI�'U��3HLULV�DQG�'U��*XDQ�
SRZHUIXOO\�H[HPSOL¿HV�WKH�LPSRUWDQFH�RI�VFLHQWL¿F�
FROODERUDWLRQ��*OREDO�FRRSHUDWLRQ�LV�HVVHQWLDO�WR�
VROYH�JOREDO�FKDOOHQJHV��ZKHWKHU�LW�LV�SUHYHQWD-
WLYH��VXFK�DV�WUDFNLQJ�DQLPDO�YLUXVHV�DURXQG�WKH�
ZRUOG���RU�UHDFWLYH��¿JKWLQJ�D�SDQGHPLF���$V�ZH�
FXUUHQWO\�GHDO�ZLWK�WKH�HQRUPRXV�LPSDFWV�RI�WKH�
&29,'����SDQGHPLF��DQG�DV�ZH�ORRN�WRZDUGV�WKH�
SRVVLELOLW\�RI�IXWXUH�SDQGHPLFV��ZH�FDQ�EH�JUDWHIXO�
IRU�WKH�JURXQGEUHDNLQJ�ZRUN�RI�'U��3HLULV�DQG�'U��
*XDQ���

16



Discovering the Breast Cancer Gene
Our DNA codes for a 
blueprint that makes 
you, you! This 
information is organized 
into working units called 
“genes, which in turn are 
found on 23 pairs of 
chromosomes. All of this 
DNA is packed into each 
and every cell in your 
body. Today, we know 
that deciphering the 
code in your genes can 
give us clues on your risk 
of developing certain 
types of cancers, such as 
breast cancer.

Scientist Dr. Mary-Claire King was one of 
/$!�7-./�/*�%)1!./%#�/!�/$%.���) �.$!� % �/$%.�
�3�7-./�0.%)#�(�/$�/*�(*)%/*-�"�(%'%!.�2%/$�
breast cancer. Here, she found that tracking 
these breast cancer cases led to calculations 
that strongly suggested genetic inheritance 
of the disease.

�*2!1!-��.$!�./%''�$� �/*�7) ���#!)!�
responsible. In 1990, she was able to use new 
technology to pinpoint the gene to a region on 
chromosome 17. From there, the race was on 
to sequence and characterize this gene.

This gene became 
known as the Breast 
Cancer 1 (BRCA1) 
gene. BRCA1, and its 
sister gene, BRCA2, 
both encode proteins 
that function as 
tumour suppressors. 
This means that they 
actively try to stop 
cancer from 
starting. BRCA 
proteins are 
important in 
repairing DNA 
breaks, which helps 
protect cells from 
cancer causing 
mutations.

Now, people can 
have their genes 
sequenced to 
determine if they 
have any mutations 
in their BRCA1 or 
BRCA2 genes. 
Finding a mutation 
could mean that 
the BRCA is not 
working properly 
and therefore 
makes the person 
more susceptible to 
harmful DNA 
mutations. This 
allows patients to 
take preventative 
action to help lower 
their risk of 
developing cancer.

Dr. Mary-Claire King’s lasting legacy in the 
��)�!-�7!' �%.�/$!�-!1*'0/%*)�-3�% !��/$�/���)�!-�
could be genetically inherited. This is a crucial 
part of cancer research as scientists now 
recognize that there are many genes involved in 
the development of human cancers. 

Art by Armin Mortazavi and text by Sarah LaFramboise. October 2021 
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velop breast cancer. In the same way that DNA can 
encode for things like hair colour, she wondered 
if DNA could also encode for susceptibility to the 
disease.

What is a gene and how do we inherit them 
from our parents?

Dr. King noticed that many women who had breast 
cancer, also had mothers who had breast cancer. 
This suggested to her that breast cancer could be 
the result of DNA mutations that are inherited.

In order to understand how breast cancer can be 
passed through generations, it is important to 
understand the concept of genes. A gene is usually 

Discovering the Breast 
Cancer Gene

8VLQJ�PDWK�WR�¿QG�WKH�OLQN�EHWZHHQ�FDQFHU�DQG�
genetic inheritance.

Written by Sarah Laframboise
Art by Armin Mortazavi

October 2021

You probably know at least one person who has 
been affected by cancer. In fact, statistics show that 
almost half of all Canadians will develop cancer at 
some point in their life. Cancer occurs when cells 
malfunction and multiply uncontrollably. This is 
similar to weeds in your garden that can overpop-
ulate and take over. This loss of control develops 
into large growth of cells, known as tumours, 
which can impede the functioning of surrounding 
tissues.

There are over 200 different types of cancer from 
all different parts of our body, and most are named 
after the location where they occur. One example 
of this is breast cancer. Here, you may have partic-
ipated in some of the popular fundraising activi-
ties, like walks or races, where money is raised for 
breast cancer research. In addition, you may have 
seen the pink ribbons that are used to represent the 
cause. Breast cancer is currently one of the most 
common types of cancer, affecting 1 in 8 women in 
Canada.

Scientists still haven’t completely worked out 
all the causes of breast cancer, but originally, it 
was thought that the development of this disease 
was primarily due to environmental factors such 
as toxins or viral infections. This all changed in 
1970, when Dr. Mary-Claire King, one of the 2021 
Gairdner International Award winners, hypothe-
sized that there may be genetic markers in our 
'1$�WKDW�FRXOG�LQÀXHQFH�RQH¶V�OLNHOLKRRG�WR�GH-
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method of inheritance. Although this seems like a 
low percentage of the total dataset, for those in the 
4%, there was a substantial impact in that the math 
predicted up to an 82% likelihood of developing 
breast cancer before the age of 70. 

However, due to limitations of technology at the 
WLPH��VKH�ZDV�QRW�DEOH�WR�LGHQWLI\�WKH�VSHFL¿F�JHQH�
and allele responsible for this observation. Indeed, 
it wasn’t until 1990 that Dr. King and her team 
were able to employ new technologies allowing 

thought of as a discrete sequence of DNA code 
WKDW�UHVXOWV�LQ�RU�LQÀXHQFHV�D�FKDUDFWHULVWLF���%H-
cause there can be variations in the sequences of 
the gene, the characteristic may exhibit itself in 
different ways. For example, hair colour can come 
in many forms, and it is the variation in the se-
quence of genes involved in hair colour that causes 
the actual different colours. 

In terms of terminology, differing variations in a 
gene are referred to as differing alleles. Important-
ly, for any given gene, our DNA blueprint is such 
that we inherit one allele from our mother, and one 
allele from our father, creating an allelic pair that 
ultimately results in how the characteristic turns 
out. Geneticists call this output your phenotype.  
For example, if you have brown coloured hair - 
brown would be your hair colour phenotype.

%HFDXVH�\RXU�SKHQRW\SH�FDQ�EH�LQÀXHQFHG�E\�WKH�
alleles you inherit from your parents, character-
istics tend to be hereditary in nature.  Put another 
way, phenotypes can be passed down from genera-
tion to generation. Note that there are many in-
heritance patterns that your genes can follow that 
affect your phenotype.  In particular, one common 
way is to think of alleles as being dominant or re-
cessive. In this case, if a dominant allele is inherit-
ed from one parent, its resulting phenotype dic-
WDWHV�WKH�¿QDO�RXWFRPH��HIIHFWLYHO\�RYHUSRZHULQJ�
the recessive allele of the other parent. This can be 
dangerous if the dominant allele carries a mutation 
that results in a harmful phenotype. 

The Discovery of the “Breast Cancer Gene”

Coming from a background in mathematics and 
evolution, Dr. King was able to examine the in-
cidence of breast cancer, using large sets of data 
from over 1500 families. And since the world of 
genetics was still in its infancy in 1970, Dr. King 
relied heavily on using mathematical methods to 
calculate if there might be inheritance patterns that 
were suggestive of the disease being caused by a 
single gene. 

Her results conclusively showed that in about 4% 
of families, there appeared to be a clear dominant 
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In addition to her revolutionary work on the BRCA 
genes, Dr. King has numerous other achievements 
LQ�WKH�¿HOG�RI�JHQHWLFV��+HU�3K'�ZRUN�LQYHVWLJDWHG�
similarities between humans and chimpanzees, with 
the shocking discovery that our genetic codes are 99% 
similar. 

As well, during the 1980’s, she began a collaboration 
ZLWK�WKH�KXPDQ�ULJKWV�JURXS�$EXHODV�GH�3OD]D�GH�
0D\R��*UDQGPRWKHUV�RI�3OD]D�GH�0D\R���WKDW�UHXQLWHG�
grandparents with children kidnapped during the war 
LQ�$UJHQWLQD��+HUH��VKH�GHYHORSHG�D�VSHFLDOL]HG�'1$�
sequencing test that could be used to prove the rela-
tionship between grandparents and children who were 
OHIW�ZLWKRXW�SDUHQWV�RU�ERUQ�LQWR�FDSWLYLW\��(YHQ�ODWHU��
WKLV�WHVW�ZDV�XVHG�WR�LGHQWLI\�WKH�UHPDLQV�RI�VROGLHUV�LQ�
Vietnam, Korean, and WWII.

�³7KRVH�RI�XV�ZKR�ZRUN�LQ�VFLHQFH�KDYH�D�UHVSRQVLELOL-
W\�WR�SUHVHQW�IDFWV�DQG�VSHDN�WUXWK�DERXW�LVVXHV�WKDW�ZH�
know well,” Dr. King declared. She has continued to 
GR�MXVW�WKLV�E\�DGYRFDWLQJ�IRU�KXPDQ�ULJKWV�LVVXHV��DQG�
KDV�EHHQ�D�FRQWLQXHG�YRLFH�IRU�HTXDOLW\�DQG�ZRPHQ¶V�
rights.



them to identify a small region of the genome that 
was associated with increased inheritance and like-
lihood of developing early-onset breast cancer.

6KH�UHÀHFWV��³2QFH�WKLV�K\SRWKHWLFDO�EUHDVW�FDQ-
cer susceptibility gene was mapped to a patch of 
chromosome 17, it was clear to many people in the 
public and private sectors that the gene was real”  
$V�D�UHVXOW��WKH�UDFH�ZDV�RQ�WR�¿QG�DQG�FKDUDFWHU-
ize the Breast Cancer 1 gene, or BRCA1 gene as 
it is known today.  

It wasn’t until 1994, that the BRCA1 gene was 
¿QDOO\�FORQHG�DQG�VHTXHQFHG���,Q�WKLV�FDVH��WKH�
winner of the race was a group at the biotechnolo-
gy company, Myriad Genetics. By examining the 
gene in breast cancer patients, the company was 
able to identify several mutations in the BRCA1 
gene that could result in increased breast cancer 
risk. Later that year, Myriad Genetics also se-
quenced and characterized another breast cancer 
gene, BRCA2, and the company was subsequently 
awarded a patent on the two genes.  This allowed 
them to provide commercial genetic testing for 
hereditary breast and ovarian cancer.

What is BRCA1 and BRCA2’s function in 
cancer?

With advances in technology and our understand-
ing of genetics, we now know much more about 

the function of the BRCA1 and BRCA2 genes. In 
particular, we can understand how mutations in 
these genes can lead to phenotypes of increased 
risk of breast and ovarian cancer.  Here, the 
BRCA1 and BRCA2 genes encode proteins known 
as tumour suppressors.  These can act to directly 
protect cells from DNA mutations, and in doing 
so, suppress the formation of cancerous cells. 
0RUH�VSHFL¿FDOO\��ZKHQ�GDPDJH�RU�EUHDNDJH�RI�
DNA is caused by radiation or other environmen-
tal factors, these proteins function to repair those 
errors. You can imagine that if a person has alleles 
RI�%5&$��RU�%5&$��WKDW�ZRUN�OHVV�HI¿FLHQWO\��
they will be more prone to accumulating harmful 
mutations which leads to the increased likelihood 
of disease.

Impact on the Cancer Field

Dr. Mary-Claire King’s lasting legacy in the can-
FHU�¿HOG�LV�WKH�UHYROXWLRQDU\�LGHD�WKDW�FDQFHU�FRXOG�
be genetically inherited. Her expertise and diverse 
background had allowed her to view things from 
a different angle. With a bit of mathematics and 
PROHFXODU�ELRORJ\��KHU�¿QGLQJV�VKLIWHG�WKH�FDQFHU�
¿HOG�WR�LQYHVWLJDWH�JHQHWLF�LQKHULWDQFH�RI�PXWD-
tions underlying different types of cancer. 

Nearly 40 years later, Dr. King continues to lead 
ground breaking research on the BRCA1 and 
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BRCA2 genes, now using the most advanced se-
quencing technologies and genetic tools. 

Thanks to Dr. King’s discovery, people with a 
family history of breast and ovarian cancer are 
able to get genetic testing to examine their BRCA1 
or BRCA2 genes. This information informs them 
of their risks of getting the disease in their life-
time. Knowing that they have these mutations is 
powerful because it allows for patients to seek pre-
ventative measures against these forms of cancer.
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by physiological processes. Humans’ internal 
body temperature is a great example of homeo-
stasis. When someone is healthy, their body 
maintains a temperature close to 98.6 degrees 
Fahrenheit (37 degrees Celsius). When you get 
shivery in the cold, or sweat in the summer, that’s 
your body trying to maintain homeostasis.

Our bodies are constantly at work maintaining 
glucose homeostasis - the balance of insulin 
and glucagon to maintain blood glucose. Glucose 
is a sugar that we consume and our bodies have 
to decide to either use it immediately to make 
energy or to store it for energy later. Our bodies 
know which choice to make through hormone sig-
nalling, like what insulin and glucagon do. Insulin 
is secreted by the pancreas in response to ele-
vated blood glucose after a meal. Insulin lowers 
blood glucose by increasing glucose uptake in 
muscle and adipose tissue. A fall in blood glu-
cose increases the release of glucagon from the 
pancreas to promote glucose production to raise 
blood sugar levels. 

Proglucagon is a protein encoded from a gene 
and the precursor of glucagon. It is also gener-
ated in the pancreas and cleaves into several 
components in different organs. Glucagon-like 
peptide 1 (GLP-1) and glucagon-like peptide 
2 (GLP-2) are cleaved from proglucagon and 
secreted at the intestine. 

GLP-1 is an incretin; thus, it has the ability to 
decrease blood sugar levels in a glucose-depen-
dent manner by enhancing the stimulating the 
release of insulin. People who suffer from type 2 

ACTIVITIES AND 
DISCUSSION QUESTIONS 
FOR CLASSROOM USE

Most suitable for Grades 11 and 12, but some content 
can also work for Grades 8 to 10. 

Daniel Drucker, Joel Habener, and 
Jens Holst: 

Read:  F. Qaiser and A. Mortazavi. “The Molecu-
lar Elements of Diabetes” (article, comic and/or 
video). Canada Gairdner Awards 2021 Laureates 
Education Materials, pp2 - 6

Learning Objectives:

1. Define blood sugar homeostasis.

2. Clarify the roles of insulin and glucagon in man-
aging blood glucose levels.

3. Define an incretin.

4. Describe the role of proglucagon as a gene
and GLP-1 and GLP-2 as peptides.

5. Characterize the role of an inhibitor as treat-
ment for disease

6. Understand GLP-1 and GLP-2 as treatments for
type 2 diabetics and short bowel syndrome.

Supplementary Reading:

Keywords: insulin, glucagon, proglucagon, glu-
cagon-like peptide-1, glucagon-like peptide 2, 
dipeptidyl peptidase-4

Our bodies want to be in a healthy state and we 
call this homeostasis. For us, healthy means to 
be in a stable equilibrium (or balance) between 
interdependent elements, specifically maintained 
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supplemental reading). Have them write down 
their symptoms and the name of their current 
state as well as any treatment options that may 
be available to them. 

Purpose: The purpose of this activity is to work 
through the information discovered by Holst, 
Drucker, Habener and apply it to a real-life sce-
nario. By organizing the conditions that correctly 
match the symptoms and recommending treat-
ment, students will better understand endocrine 
signal transduction and glucose homeostasis. 

Discussion Questions:

1. Insulin and glucagon are antagonistic hor-
mones in the body because they oppose or
reverse the effect of one another. Can you think
of other examples of hormones that are antago-
nists?

2. When administering things like GLP-1, GLP-
2, or DPP-4, do you think dosage is important?
Why?

3. If you were to make a flowchart of the various
hormones and peptides involved in glucose
homeostasis, you may realize that controlling
this appears very complicated with many parts
involved. Why do you think this complexity is a
good thing? Another way to think about this is to
imagine what if homeostasis was controlled only
by a single thing - why might that be a bad thing?

Activity designed by Rhonda Thygesen.

diabetes are insulin resistant meaning that their 
cells don’t respond well to insulin and have a 
tough time taking up glucose from the blood. As 
a result, the pancreas attempts to create more in-
sulin. GLP-1 as a treatment for type 2 diabetes is 
attractive because it enhances insulin secretion. 
Normally GLP-1 would be degraded by dipepti-
dyl peptidase-4 (DPP-4). In the treatment plan of 
a type 2 diabetic DPP-4 inhibitors may be includ-
ed to disrupt this pathway. A way to avoid DPP-4 
would also be to find a GLP-1 analogue that is 
comparable to GLP-1’s activity.

GLP-2 is also cleaved from the proglucagon at 
the intestine. This peptide enhances intestinal 
growth and metabolism with nutrient intake. Ulti-
mately GLP-2 enhances intestinal function. GLP-2 
and related analogs similar to it may be treat-
ments for conditions like short bowel syndrome. 
In this condition the body is unable to absorb 
enough nutrients from the foods you eat because 
you don’t have enough small intestine. The small 
intestine is where the majority of the nutrients you 
eat are absorbed into your body during diges-
tion..

Classroom Activity:  Symptom Scenario

Supplies: one piece of paper per group and a 
pen.

Time: 15 minutes for activity, 15 minutes for dis-
cussion.

Description: Break the students up into groups 
of three. In this activity, each student will repre-
sent one of the three symptom scenarios listed 
below:

Student 1: fatigue between meal times, alert, nor-
mal washroom times and types

Student 2: increased thirst, frequent urination, 
fatigue, increased hunger

Student 3: stomach ache, diarrhea, weight loss, 
fatigue

Once the students have their symptom prompts 
they will begin discussing with their group what 
could possibly be wrong (hint: there were two 
abnormal conditions mentioned in the article and 
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Elizabeth Eisenhauer:

Read:  Z. Sepehri, D. Ng, and A. Mortazavi. “From 
the Lab Bench to the Hospital Bed” (article, comic 
and/or video). Canada Gairdner Awards 2021 
Laureates Education Materials, pp7 - 11

Learning Objectives:

1. Understand three treatments for cancer (che-
motherapy, HAP, angio).

2. Define treatment toxicity.

3. Understand the importance of scheduled plan-
ning for drug treatment.

4. Able to describe acquired resistance.
Identify acidic invasion.

Supplementary Reading:

Treatment of cancer requires effort from basic 
research scientists and clinical researchers, as 
mentioned in the article. Treatments developed 
in the lab will be tested by clinical researchers 
on existing cancer patients to figure out the best 
method of therapy. As you can imagine, there are 
multiple factors that play into the success of a 
treatment that clinical researchers must observe, 
some of which were previously discussed. 

Chemotherapy is a very popular type of cancer 
treatment that uses one or more anti-cancer 
drugs as part of a standardized routine. However, 
while the purpose of chemotherapy medications 
is to reduce your cancer symptoms and length-
en your life, the drugs can also have unwanted 
effects on your body. Chemotherapy can poison 
your body and lead to harm, and this is known as 
treatment toxicity, a main indicator of how a pa-
tient is responding to the chemotherapy course.

Just as important as the type of treatment is the 
scheduled planning of it. By determining when a 
treatment will be administered researchers can 
predict and avoid a poor bodily response in the 
patient. Sometimes the body will react in unex-
pected ways such as with acquired resistance. 
Tumors that suddenly begin to grow while on a 

treatment regimen may be experiencing tumor 
resistance. In this case, researchers have to 
balance between slowing the tumor growth and 
causing resistance. Certain cancer cells may 
have hyperactive metabolisms that break down 
carbohydrate fuel at abnormal speeds, resulting 
in what’s called acidic invasion. The acid pro-
duced from a tumor kills normal cells and allows it 
to grow faster.

Hypoxia activated prodrug (HAP) is a nice com-
plement to chemotherapy, but it only works in 
hypoxic regions - areas with low oxygen. In a 
patient, a mix of chemotherapy and HAP may be 
necessary. This is called combination therapy. 
Angio drugs block angiogenesis - the growth of 
blood vessels. They do this by blocking nutrients 
and oxygen from a tumor, essentially starving it. 
Angio can boost the effectiveness of HAP by low-
ering the amount of oxygen in the tumor, inducing 
hypoxia (low levels of oxygen in your blood). 

All three drugs (chemotherapy, HAP, angio) can 
be used to treat a cancer patient. One patient’s 
cancer treatment may look very different from 
another’s and requires unique treatment plans. 

Classroom Activity:  Cancer Crusade! 

Supplies: Students will need to download a free 
app.  Therefore access to a smartphone or com-
puter (laptop or desktop) and to the Apple app 
store or the Google Play store is required

Time: 5 minute scenario/student, adjust total time 
as necessary for activity (for instance, students 
can go through 2 scenarios in 10 minutes, etc). 
15 minutes for discussion.

Description: Students will download the game 
“Cancer Crusade” onto a smartphone or a com-
puter. If possible, have them pair up in groups 
of two to share a device and work through the 
app together. The students will run through the 
instructions of how the game works and then 
will begin digitally experimenting to treat tumour 
growth. By playing the game, the students will be 
testing different variations of treatments, becom-
ing real-life data for cancer researchers. Students 
will receive a good score in the game by prevent-
ing both tumor size and toxicity from becoming 
too high for too long.
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Purpose: Many combinations exist for cancer 
treatments, however, it is difficult to know how 
much, at what time, and for how long. Students 
will play the role of a clinical researcher from their 
cell phones and laptops and observe how a fake 
cancer cell grows and shrinks in response to 
their treatments. By playing the game and test-
ing out new possible treatment combinations the 
students are contributing to research collections 
that otherwise would have taken years of trial and 
error.

Discussion Questions: 

1. How did it feel to be responsible for finding
the right treatment and dose? Was it frustrating
or exciting? Did anyone have a particularly good
score?

2. What do you think is the biggest challenge a
clinical researcher faces in their day to day work?

3. What are some ways we can improve cancer
research, specifically between basic research
scientists and clinical researchers?

4. Tumors occur in many parts of the body re-
sulting in breast, lung, brain, skin, and other
associated organ cancers. How might you think
treatments of these individual cancers would vary
in dosage, method of administration, time of treat-
ment, and length of treatment?

5. Politicians tend to fund clinical research rather
than basic research, why do you think this is?

6. A pharmaceutical company seeking FDA
approval to sell a new prescription drug must
complete a five-step process: discovery/con-
cept, preclinical research, clinical research, FDA
review and FDA post-market safety monitoring.
What do you think is the most difficult part and
why? What specific challenges might each of
these steps face?

Activity designed by Rhonda Thygesen.
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Yi Guan and Joseph Malik Peiris:

Read:  N. Wang and A. Mortazavi. “Virus Track-
ers and Preventing Pandemics” (article, comic 
and/or video). Canada Gairdner Awards 2021 
Laureates Education Materials, pp12 - 16

Learning Objectives:

1. Describe what a virus is.

2. Explain the role of memory cells in viral infec-
tions.

3.Discuss some reasons for tracking viruses.

4.Describe what zoonotic viruses are and explain
why they present a larger threat to humans.

5.List the three main objectives that scientists
have when a virus outbreak occurs.

Supplementary Reading:

Memory cells are a critical component of our 
immune response, as they are how we remember 
viruses we have encountered before. Memory 
cells are made after our first encounter with a 
virus, so that the next time we are infected by the 
same virus (or a similar virus), our immune sys-
tem can recognize it and jump into action much 
more quickly. 

In the last two years we have all experienced 
and witnessed the effect that viruses can have 
on society. When a virus outbreak or pandemic 
occurs, not only is it important to understand how 
the virus is spreading, but it is also critical to gain 
an understanding of how the virus works. Scien-
tists work hard to identify the source of the virus, 
develop a diagnostic measure and treatment, 
as well as learning how the virus interacts with 
human cells. An understanding of the biological 
mechanisms behind the virus and disease are 
crucial to develop a vaccine, and in some cases, 
a cure. 

Classroom Activity: Tracking a Virus.
A virus tracking simulation followed by a discus-

sion period. Students will represent sharing close 
contact with each other by mixing the water in 
each others’ cups. After several exchanges, a 
chemical indicator will reveal “virus” present in 
some of the cups, and students will try to uncover 
who the original “infected” students were.

Supplies: 
- 24-32 clear plastic drink cups, ½ cup to 1 cup
in size (1 per student, for best results should be a
multiple of 4)
- Water, about 1 liter
- Phenolphthalein solution, about 5 ml
- Sodium carbonate (aka washing soda), 1 scant
teaspoon
- Disposable pipette or eye-dropper
- Beaker, flask, or cup
- Permanent marker
- 24-32 index cards

Optional:
- 24-32 small test tubes (1 per student, for best
results should be a multiple of 4)
- Test tube rack

Time: 15 minutes for simulation, 15 minutes for 
virus tracking, 5-10 minutes for discussion

Description: 

Set up:

1. Set the cups out on a table and optionally
place the test tubes in the rack. Using a perma-
nent marker, number the cups 1 to 24, 28, or 32,
depending on class size. Please read the infor-
mation about class size in step 3 of the Conduct-
ing the Simulation section (below) before you
start! Number the test tubes in the same way. It is
important that the total number of cups and test
tubes used is a multiple of four.

2.Put about a cup of water into the beaker, and
stir in one scant teaspoon of sodium carbonate
(washing soda) until it is all dissolved and the wa-
ter is clear. Choosing three of the numbered cups
at random, pour this solution into them so that
each cup is about one-quarter full. If choosing to
use the test tubes, then pour some of the remain-
ing solution into three of the test tubes whose
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numbers correspond with the cups, so that each 
test tube holds about an inch of solution.

3. Fill the other cups about one-quarter full with
water. Fill the remaining test tubes with about one
inch of water. Put the test tubes somewhere out of
sight.

Conducting the simulation:

1. Give each student an index card on which
to write their name. Have each student obtain a
prepared cup, and then write the number that ap-
pears on the cup next to their name on the index
card.

2. Explain to students that they will each “share
close contact” with three other students, one at a
time, following a certain procedure:

- After choosing a classmate to “be in close con-
tact” with, one member of the pair pours all the
water from their cup into the partner’s cup. Then
the partner will pour half of the combined liquids
back into the first member’s cup. This way the
students have mixed their two liquids, but in the
end, each has the same amount they started with.
Both students should record the number of the
cup belonging to the person they just exchanged
liquids with. (Demonstrate this exchange process
with two extra cups containing tap water, em-
phasizing the need to record the numbers of the
cups.)

- Repeat this “close contact” 2 more times, for a
total of 3 exchanges. Ensure the students record
the number of the cup that they are in contact
with each time.

3. Note: This number 3 is important for the prob-
lem solving aspect of the exercise that follows. It
is also important that the total number of partici-
pants is a multiple of 4, so classes of 24, 28 or 32
will work perfectly. If you don’t have quite enough
students to make a multiple of four, it is best if
you recruit extra students or adults (including
yourself) rather than leave any students out. Any
recruits need only be present for the few minutes
it takes to do the liquid exchanges. If you have 20
or fewer students, use only two “infected” cups
(and test tubes) for the simulation, instead of
three.
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4.Have students return to their seats with their
index cards and cups of water. Tell the class
that, unfortunately, a few of the cups were “infect-
ed” with a virus at the start of the simulation. By
sharing close contact with their friends, it is likely
that several more students are now “infected.”
Then walk around the room, placing a drop or
two of phenolphthalein in each cup. Those cups
with water that turns bright pink contain the “vi-
rus”, so each student whose water is pink is now
“infected” -- and contagious. Typically, at least
two-thirds of the class will have become infected
during the exchange process.

Tracking the Virus:

1. Give the students a chance to comment on the
results of their experiment. They may ask who the
original “infected” people were, so you should
return the question to them, asking, “How can
we find out?” Point out that epidemiologists are
scientists and medical doctors who try to solve
these kinds of puzzles, and epidemiology is a
branch of medicine that is concerned with the
causes, spread, and control of diseases in popu-
lations.

2. Students will likely realize they need to start by
eliminating those students who were not infected
at the end of the experiment, and then try to work
backwards from there. Treat this as a puzzle for
them to solve. Give them time to realize that they
will need to get organized and devise a system-
atic way to look at the data they have. It may be
useful to have one or two students at the board
to lead the discussion and record information as
they go along. Initially it may be easy to eliminate
students who could not have been the initially
infected ones, but it will then become more diffi-
cult. They may not be able to deduce the original
three infected persons, but they should be able to
eliminate all but 4-6 students.

3. Optional: At this point you can tell them that,
fortunately, you took a “blood sample” from
everyone before they started. If you choose not
to use the test tubes for this optional step, you
can just tell them which were the infected cups.
Produce the rack of test tubes, and show how
they are numbered to correspond to the cups that
were used. Then explain that you can test for the
presence of the virus using the same chemical
indicator as before. Have a student volunteer put



a drop of phenolphthalein in each test tube, and 
students will then be able to see how close they 
got to determining the original sources of the 
virus.

Purpose: By simulating a virus being spread 
around the class and its subsequent tracking, 
students will place themselves in the role of an 
epidemiologist or virologist to track a virus and 
gain a deeper perspective on the challenges that 
scientists often face in this field.

Discussion Questions:

1. What percent of the class became infected
after sharing close contact? What percent of the
class was infected originally, before sharing close
contact?

2. Why is it usually not possible to determine
exactly who the originally infected persons were
in a situation like this? Usually the sources can
be traced back to 4-6 possibilities, but the actual
three can only be determined if all the students
did their first exchanges simultaneously, then all
did their second exchanges simultaneously, and
finally completed the third exchanges simultane-
ously. Instead, during the simulation some stu-
dents will have already completed their third ex-
changes before others completed their second.
Without knowing exactly who exchanged fluids
when, it is nearly impossible to determine who the
original three “infected” persons were.

3. What assumptions did we make about the
virus in this tracking activity? For instance, we
assumed that we knew that the virus was spread
only through close contact; what happens when it
spreads more easily than that? How can we track
viruses that spread in other ways?

4. What challenges do epidemiologists face when
trying to track viruses? What are some solutions
to these challenges?

Activity designed by Brenna Hay, with material 
adapted from the University of Colorado
https://www.teachengineering.org/activities/view/
duk_virus_mary_act
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Mary-Claire King:

Read:  S. Laframboise and A. Mortazavi. “Dis-
covering the Breast Cancer Gene” (article, 
comic and/or video). Canada Gairdner Awards 
2021 Laureates Education Materials, pp17 - 21

Learning Objectives:

1. What is the role of DNA?

2. Describe what a gene is and how we inherit
them.

3. Explain the difference between dominant and
recessive alleles.

4. Name two genes that are known to be involved
in the development of breast cancer.

Supplementary Reading:

DNA contains information grouped into small 
segments called genes. The DNA molecule 
contains 4 chemical bases that are represented 
by the first letter of its name: adenine (A), thymine 
(T), cytosine (C), and guanine (G), which pair up 
together to make DNA. A DNA molecule consists 
of 2 strands of bases, that are always paired to-
gether: A pairs with T, and C pairs with G. Out of 
convention, we only discuss the sequence of the 
primary DNA strand (the complementary second 
strand is just assumed to be paired correctly to 
the primary strand). The order of these bases 
is what specifically encodes the detailed set of 
instructions required to build an organism’s traits. 
The human genome (our complete set of genetic 
material) contains 23 pairs of chromosomes and 
over 22,000 genes that are coded for by over 3 
billion base pairs.  

As students select each DNA Strip and tape them 
together in order, they are creating one chromo-
some containing 6 different genes that are coded 
for by the 4 chemical bases. This is what allows 
researchers to “map” the location of a gene to a 
specific place on a chromosome, regardless of 
the sequence variability itself. For example, we 
can “map” where the gene for hair colour is (the 
third gene on the chromosome), regardless of 
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different students having different hair colours 
(brunette, blonde, etc.). It is the small sequence 
variations within each gene that lead to differenc-
es in traits. Usually, there are a limited number 
of sequence variations for a gene. Each form of 
the gene is known as an allele. In this activity, the 
genes have between 2 and 4 different alleles (dif-
ferent forms/possibilities that influence the trait). 
In this activity, a single gene determined each 
human trait. Typically, however, a trait is influ-
enced by multiple genes as well as environmental 
factors.

Classroom Activity: A Recipe for Traits.
Create and decode a “DNA recipe” for a human 
to demonstrate how variations in DNA lead to the 
inheritance of different traits. Alleles for 6 genes 
are randomly chosen by selecting a DNA Strip 
out of the envelope and taped together to form 
a chromosome. Follow the traits key to decode 
the DNA and create a drawing of a person, then 
compare it with others to note similarities and 
differences.

Supplies: 
- Copies of traits key (1 per student/pair)
- Drawing paper (1 per student/pair)
- Crayons or colored pencils
- Envelopes (1 per student/pair)
- Tape
- Coloured paper for preparing DNA strips (4
colours needed)

Time: 30 minutes, optional additional 15 minute 
activity.

Description:  

Set up:

1. To prepare for this activity, make 6 copies
each of DNA Strip pages A, B, C, and D on co-
loured paper choosing one colour for each type
of DNA Strip (this will make enough for 30 student
DNA envelopes). For example: 6 copies on blue
of DNA Strips A, 6 copies on green of DNA Strips
B, 8 copies on yellow of DNA Strips C, 6 copies
on pink of DNA Strips D.
2. Cut out the DNA strips on each page (a paper
cutter works well). Place 2 DNA strips of each



colour in each envelope; each envelope should 
contain 6 DNA strips total with 2 of each colour. 
Note: this is the minimum number of DNA strips 
per envelope needed to carry out the activity; 
adding more DNA strips of each colour increases 
the variety of possibilities for each trait. 

A Recipe for Traits: 

1. Students work individually or in pairs to ran-
domly select a DNA Strip out of their envelope
to determine which allele they will get for each
gene.

2. Have them circle the picture for the corre-
sponding trait after each selection and tape the
strips together in order.

3. Repeat these steps for all 6 of the traits.

4. When they have finished, draw a person with
all of these traits. Allow students to compare how
the different people turned out.

Optional extension (15 minutes): 

1. As a class, make a “map” of your human
genome. Compare the different DNA recipes of
each student. Point out that the gene for height
is always at the top of the DNA molecule (or
chromosome), the gene for hair texture is always
second, and so on. Draw a representation of a
chromosome having 6 segments. Have students
come up with a name for each gene. Label the
segments with the gene names and specify the
trait they encode. Point out that although each
person looks differently (has a different com-
bination of traits), it is still possible to make a
general map of the human genome. Show stu-
dents a completed map of the human genome
(for example, the Human Genome Landmarks
Poster https://public.ornl.gov/site/gallery/highres/
GenomePoster2009.pdf ) and discuss how re-
searchers have mapped the over 22,000 genes
to particular locations on each of the 23 pairs of
human chromosomes.

Purpose: This activity helps students visualize 
the simplified structure of DNA, from whole ge-
nome, to chromosome, to gene, and finally to in-
dividual chemical bases. By random selection of 
sequences, they will experience how genes can 
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be inherited and influence corresponding traits.

Discussion Questions:

1. Are any two people alike? Everybody shares
some traits in common with others, but each has
an overall combination of traits that is unique. In
this example, we only looked at a person using
6 genes; in reality, humans have over 22,000
genes!

2. Based on the class results, how could we
calculate the probabilities of inheriting certain
genes?

3. Compare how dominant and recessive traits
were demonstrated in this activity (using proba-
bility of randomly selecting a DNA Strip) to how
they are actually inherited (inheriting one allele
from each parent).

4. Give some examples of traits that are clearly
genetically inherited, and some traits that are due
to environmental factors. Are there any that may
be a mix of both genetics and our environment?

5. How can computers help us compile genetic
information?

Activity designed by Brenna Hay with material 
adapted from the University of Utah
https://teach.genetics.utah.edu/content/heredi-
ty/#item8
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Traits Key 
 
Height 

 
  
 
 
Hair Texture 

 
 
 
 
Hair Colour 

 
 
 
 
 

Tall 
ATGC 

Average 
TACG or GACT 

Short 
CTGA 

Curly 
ATGC 

Wavy 
TACG or GACT 

Straight 
CTGA 

Black 
ATGC 

Brunette 
TACG 

Blonde 
GACT 

Red 
CTGA 
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Earlobes 

Eyes 

Breast cancer risk 

Attached earlobes 
ATGC or TACG 

Unattached earlobes 
GACT or CTGA 

Brown eyes 
ATGC or TACG 

Blue eyes 
GACT 

Green eyes 
CTGA 

Low risk of breast cancer 
ATGC or TACG or GACT 

High risk of breast cancer 
CTGA 
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